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1. INTRODUCTION

1.1 PURPOSE AND SCOPE

The purpose of the Project Design Criteria (PDC) document is to provide the design criteria
necessary to support the development of preliminary and detailed design. The scope of the PDC
includes general discipline design criteria, codes and standards, laws and regulations, design
acceptance limits, design load cases, design load combinations, and event sequences. The PDC
identifies the appropriate codes and standards for structures, systems, and components (SSCs),
which are associated with Quality Levels (for items important to safety and conventional quality)
determined from the Q-List prepared in accordance with AP-2.22Q, Classification Criteria and
Maintenance of the Monitored Geologic Repository Qlint. However, the quality
assurance (QA) classification of SSCs based on an approved Monitored Geologic Repository
(MGR) System Architecture is currently not available. Therefore, the selection of design
criteria, including appropriate codes, standards, etc., is mainly drawn from engineering judgment
but will be revised, if necessary, when the Q-list is available. As the design evolves, the PDC
will be revised in accordance with the evolving design and Quality Levels provided in the Q-list
for MGR systems and subsystems.

The PDC is organized, along traditional discipline lines, and comprised of sections that contain
general design criteria or generic discipline design criteria, design load combinations, site
conditions etc., and data sheets containing applicable codes and standards for each discipline in
the Repository Design Project.

1.2 CODE EFFECTIVE DATE

The U.S. Nuclear Regulatory Commission (NRC) requires, in 10 Code of Federal Regulations
(CFR) 63.21(cX2), that the Safety Analysis Report include information relative to codes and
standards that the U.S. Department of Energy (DOE) proposes to apply to the design and
construction of the Geologic Repository Operation Area (GROA). The Office of Repository
Development (ORD) will select the latest revision of codes and standards in existence at the time
of the DOE milestone, Critical Decision-l (CD-1) (March 2003), which is defined as the point
when the project is released to commence preliminary design. Revisions to codes and standards
by Standard Developing Organizations from the time period of CD-I through the license
application (LA) design feeze date will be assessed for their impact on the GROA and
dispositioned accordingly. Revisions to codes and standards beyond the LA design freeze date
will be addressed, as necessary, by the ORD during the NRC review of the LA.

The use of a code or standard that is not endorsed by the NRC requires an adequate technical
justification. Appendix B provides technical positions for those codes and standards cited in the
Yucca Mountain Review Plan (YMP) (NRC 2002d) that have not been accepted by the ORD.

13 REGULATORY GUIDANCE DOCUMENT APPLICABILITY

NRC regulatory guidance documents such as Regulatory Guides, are generally written by NRC
staff to provide applicants and licensees with information such as methods acceptable to the
NIRC staff for meeting specific parts of the NRC regulations, methods used by the staff in
evaluating specific problems or postulated accidents and data needed by the NRC staff in its

Project Design Critcria Document 13 March 2003
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review of applications for permits and licenses. Regulatory Guides are not substitutes for
regulations, and compliance with them is not required.

The statements of consideration in 10 CFR 63 state that "the applicability of regulatory guidance
developed for facilities other tan a high-level waste repository will need to be considered on a
case-by-case basis for applicability to high-level waste disposal at the Yucca Mountain. For the
guidance to be appropriate, it should be generally applicable to nuclear facilities with comparable
or higher risks to workers and the public than the potential repository at Yucca Mountain site."

The selection of Regulatory Guides provided in Appendix A is based on their applicability to
support development of design products for LA-Construction Authorization (CA). Although
Regulatory Guides are written for other NRC licensed activities, the ORD will conform to those
identified in Appendix A. as applicable, to the development of design products for LA-CA. In a
situation where a Regulatory Guide addresses areas that are not applicable to the ORD (single
failure criterion, etc.) then the ORD will conform to a Regulatory Guide but with exceptions to
those areas that are inapplicable.

1A U.S. DEPARTMENT OF ENERGY ORDERS AND STANDARDS APPLICABILITY

DOE HQO250.1 provides for the exemption of Office of Civilian Radioactive Waste
Management (OCRWM) facilities from certain DOE directives. The exemption applies to DOE
directives that overlap or duplicate requirements of the NRC related to radiation protection,
nuclear safety (including quality assurance), and safeguards and security of nuclear material in
the design, construction, operation and decommissioning of radioactive waste (OCRWMI
facilities. Exemptions apply to requirements in directives that overlap or duplicate NRC
requirements of the NRC to assure precedence of NRC requirements.

OCRWM facilities include structures, equipment, systems, processes, or activities associated
with the acceptance, transportation, storage, and disposal of spent nuclear fuel (SNF) and
high-level radioactive waste (HLW) pursuant to the Nuclear Waste Policy Act of 1982, as
amended, and NRC regulations, where applicable. Examples include interim storage structures
and technologies, repository facility structures, and waste acceptance and transportation
activities.

Exemptions do not apply to requirements for which the NRC defers to DOE or does not exercise
regulatory jurisdiction.

DOE orders that provide criteria applicable to the non-nuclear portion of the MGR facility will
be addressed, as applicable, to the design of the MGR.

i5 NATIONAL CODES AND STANDARDS APPLICABILITY

DOE 0 252.1 requires the use of voluntary consensus standards by the DOE in a manner
consistent with Public Law 104-113, National Technology Transfer and Advancement Act
of 1995, and Office of Management and Budget Circular No. A-1 19, Federal Participation in the
Development and Use of Voluntary Consensus Standards and in Conformity Assessment
Aciiies. Public Law 104-113 allows an agency to take exception to specific portions of a

Project Design Criteria Document
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voluntary consensus standard if those provisions are deemed to be inconsistent with applicable
law or otherwise impractical.

Consensus standards are the product of a Standards Developing Organization operating with
openness, balance of interests, due process, an appeals process, and consensus, which represents
general agreement but not necessarily unanimity.

The integration of national codes and standards into the NRC regulatory process is achieved
through: (a) incorporation of codes and standards by reference in regulations; (b) endorsement
of codes and standards in RGs as acceptable methods for implementing regulation; and
(c) referencing of codes and standards as technical basis in Standard Review Plans, Technical
Specifications, Generic Communications, and Inspection Manuals. Although (a) is the prime
example of a mandatory requirement, (b) and (c) are the primy mechanisms for allowing
voluntary use of consensus standards by licensees.

10 CFR 63 does not provide prescriptive design criteria but allows the DOE to develop design
criteria and demonstrate their appropriateness. Therefore, the DOE has flexibility to use any
codes, standards, and methodologies it demonstrates to be applicable and appropriate in MGR
design.

When codes or standards are in conflict with each other, the more restrictive code or standard
prevails.

1.6 QUALITY ASSURANCE

The PDC is written in accordance with LP-3.25Q-BSC, Rev 1, ICN 2, Design Criteria and is
subject to the requirements of the Quality Assurance Requirements and Description (QARD)
(DOE 2002).

Project Design Criteria Document 15 March 2003
PDctolreat



000-3DR-MGRO-OOOO-OO00i

INTENTIONALLY LEFT BLANK

Project Design Criteria Document
rPDC.roIjurw

16 Masch 200

... .



000-3DR-MGRO-00100-O-OOI

2. ACRONYMS AND ABBREVIATIONS

AASHTO American Association of State Highway and Transportation Officials
ACI American Concrete Institute
ADA Americans with Disabilities Act
AISC American Institute of Steel Construction
ALARA as low as is reasonably achievable
ANS American Nuclear Society
ANSI American National Standards Institute
ARM Area Radiation Monitor
ASCE American Society of Civil Engineers
ASHRAE American Society of Heating, Refrigerating and Air Conditioning Engineers
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
AWS American Welding Society

BSC Bechtel SAIC Company, LLC

CA Construction Authorization
CAM Continuous Air Monitor
CCC Central Control Center
CCTV Closed Circuit Television
CCR Central Communications Room
CFR Code ofFederal Regulations
CMAA Crane Manufacturer's Association of America
CRVWMS Civilian Radioactive Waste Management System
CQ Conventional Quality

DCMIS Digital Control and Management Information System
DP Differential Pressure
DOE U.S. Department of Energy
DOE-STD Department of Energy Standard

EBS Engineered Barnier System
ECR Engineering Configuration Room
EMM EnvironmentalfMeteorological Monitoring
ERDA U.S. Energy Research and Development Administration
ES&H Environmental Safety and Health

FC Frequency Category (seismic)

GROA Geologic Repository Operations Area

HFS Human Factors Society
HLW high-level radioactive waste
HSS hollow structural shape
HVAC heating, ventilation and air conditioning

Project Design Criteria Document
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IBC international Building Code
ICC International Code Council
ICRP International Commission on Radiological Protection
ICBO International Conference of Building Officials
IEEE Institute of Electrical and Electronics Engineers
10' Input/Output

IPC International Plumbing Code
ITS important to safety
ISA Instrument Society of America
ISO International Standards Organization

LA License application
LAW Low Activity Waste

MII-STD Military Standard
MGR Monitored Geologic Repository
mrem Millirem

NAC Nevada Administrative Code
NEMA National Electrical Manufacturers Association
NFPA National Fire Protection Association
NPH Natural Phenomena Hazard
NRS Nevada Revised Statutes
NRC U.S. Nuclear Regulatory Commission
NUREG U.S. Nuclear Regulatory Commission Technical Report
NWPA Nuclear Waste Policy Act of 1982, as amended

ORD Office of Repository Development
OSHA Occupational Safety and Health Administration

PA Public Address
PC Performance Category
PCA Portland Cement Association
pcf pounds per cubic feet
PDC Project Design Criteria
PRD Project Requirements Document
psi pounds per square inch

QA quality assurance
QARD Quality Assurance Requirements and Description Document
QL Quality Level

RG Regulatory Guide
RF Radio Frequency
RRM RadiationRadiological Monitoring
RTD Resistance Temperature Detector

SAR Safety Analysis Report

Project Design Criteria Document 18
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SDD System Description Document
SNF spent nuclear f&el
SSCs structures, systems, and components

TBD To Be Determined
TC Thermocouple

UCRL University of California Radiation Laboratory
UL Underwriters Laboratory
UPS Universal Power Supply
USGS U.S. Geological Survey

WLM Working Level Month

YMRP Yucca Mountain Review Plan

Project Design Criteria Document 19
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3. DEFINITIONS

3.1. Design-Specifications, drawings, design criteria, and performance requirements. Also,
the result of deliberate planning (e.g., feasibility studies), analysis (e.g., hazard and risk
assessment, performance assessment), mathematical manipulation (e.g., sensitivity
studies), and design processes (e.g., independent design review).

3.2 Design Bases-Statements that refer to design requirements for SSCs and identify why the
requirement exists, why it is specified in a particular manner, and why a specified value
is used. The design bases provide information that identifies the specific functions
performed by the SSCs of a facility and the specified range of values chosen for
controlling the parameters that are the referenced boundaries for the design of the SSCs.

3.3 Design Bases (10 CFR 63.2)-means that information that identifies the specific functions
to be performed by SSC of a facility and the specific values or ranges of values chosen
for controlling parameters as reference bounds for design. These values may be
constraints derived from generally accepted state-of-the-art practices for achieving
functional goals or requirements derived from analysis (based on calculation or
experiments) of the effects of a postulated event under which SSCs must meet its
functional goals. The values for controlling parameters for external events include:

1. Estimates of severe natural events to be used for deriving design bases that will be
based on consideration of historical data on the associated parameters, physical data,
or analysis of upper limits of the physical processes involved.

2. Estimates of severe external human-induced events to be used for deriving design
bases that will be based on analysis of human activity in the region, taking into
account the site characteristics and the risks associated with the event.

3A Design Criteria-Standards, codes, laws, regulations, general discipline design criteria,
event sequences, and hazards that shall be used as a basis for acceptance of design for
SSCs to satisfy requirements.

3.5 Design Input-Those criteria, parameters, bases, or other design requirements upon which
design output documents are based.

3.6 Design Output-Drawings, specifications, and other design documents prepared to
present the design configuration(s) of SSCs that satisfy design inputs.

3.7 Design Requirement-Engineering technical requirements, determined by design
processes, that define, for example, the fictions, capabilities, capacities, physical size,
configurations, dimensions, performance parameters, limits, and setpoints, etc., and are
developed and specified by the design authority for SSCs to satisfy the mission design
input requirements. The detail design requirements are the result (often iterative) of
design processes.

3.8 Design Verificafon-Documented, traceable measures (e.g, design review, alternate
calculation, and qualification testing) applied to a design package or technical output by

Project Design Criteria Document
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qualified individuals or groups other than those who performed the original design work.
These measures verify the technical validity, adequacy, and completeness of a design
package or technical output in context with the total design, natural or engineered barrier
system, or integrated technical work.

3.9 Geologic Repository Operations Area (GROA)-A HLW facility that is part of a geologic
repository, including surface and subsurface areas where waste handling activities are
conducted.

3.10 Important to Safety (ITh) (10 CFR 63.2)-With reference to SSCs means those
engineered features of the GROA whose function is:

1. To provide reasonable assurance that HLW can be received, handled, packaged,
stored, emplaced, and retrieved without exceeding the requirements of
10 CFR 63.11 l(b)(1) for Category 1 event sequences; or

2. To prevent or mitigate Category 2 event sequences that could result in radiological
exposures exceeding the values specified at 0CFR63.111(b)(2) to any individual
located on or beyond any point on the boundary of the site.

3.11 Licensing Basis-The current effective requirements imposed on the facility, including
the requirements at the time the initial license was applied for and granted, together with
requirements subsequently imposed. The licensing bases are contained in NRC
regulations, orders, license conditions, exemptions, and licensee commitments contained
in the Safety Analysis Report (SAR) and other docketed licensee correspondence.

3.12 Margin-The difference between the calculated event sequence dose and the prescribed
regulatory compliance limit, which provides confidence that the repository design
features can adequately protect public health and safety and the envitonment from any
uncontrolled radiological event.

3.13 Mission Requirements-Input design demands requested by the owner or client (or
imposed by statute or regulation) that identify and define design requirements for
performance; functional, operational, and maintenance characteristics; or parameters that
the facility SSCs are to be designed to satisfi.

3.14 Postdosure-The period of time after permanent closure of the repository system.

3.15 Preclosure-The period of time before and during permanent closure of the repository
system.

3.16 Predosure Safety Analysis-A systematic examination of the site; the design; and the
potential hazards, initiating events, and event sequences; and their consequences
(e.g., radiological exposures to workers and the public). The analysis identifies SSCs that
are ITS.
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3.17 Quality Level 1-QL associated with highest relative risk significance. See AP-2.22Q,
Classfi cation Criteria and Maintenance of the Monitored Geologic Repository Q-List,
Attachment 1, for Important to Safety Screening Criteria.

3.18 Quality Level 2-QL associated with medium relative risk significance. See AP-2.22Q,
Attachment 1, for Important to Safety Screening Criteria.

3.19 Quality Leve 3-QL associated with low relative risk significance. See AP-2.22Q,
Attachment 1, for Important to Safety Screening Criteria.

3.20 Conventional Qualty-QL associated with little or no relative risk significance.
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4. FACILITY DESIGN CRITERIA

4.1 GENERAL DESIGN CRITERIA

4.1.1 Generic Design Criteria

Applicable Codes/Standards", Regulatory4uldes (RGs), Code
Applicable Discipline Project SSCs of Federal Regulations CFRsa NUREGs' DOE Directives'.

ANSI Z535.1-1998, ANSI Z5352-1998, ANSI Z535.3-2002.
ANSIZA-1998, ANSI Z535.5-1998, ANS!/ASHRAEIIESNA
90.1-2001. ANSVASHRAE 55(55a)-1995, ANSIIASHRAE 62-1989,
ASHRAE 2001. NEMA MG10-1994, SMACNA 1985.SMACNA

General Generic 1995None
10 CFR 434, Executive Order 13123 64 FR 30851)
Nom
DOE N 450A. DOE 0 4302A.

Technical Rationale:

1 These codes and standards support compltance with requirements of the Project Requirements Document
(Cuny and -ros 2002) such as PRD40021T-004 (nformation relative to codes and standards that DOE
proposes to apply to the design and construction of GROA as required by 10 CFR 6321(c)X2)), and PRD-022.
Determination of applicable sections of these codes and standards will be determined during the design
process and In development of design products.

2 None
3 Addressing CFRs supports compliance with requirements in PRD-018/P-019 and PRD-15iP031.
4 None
' Addressing these DOE orders supports compliance with requirements of PRD.0181P-019. Determination of

applicable sections of these DOE orders will be determined during the design process and In development of
design products.
Revised QA classification presently not available. The applicable OA classification will be provided when the
revised Q-Ust is available.

4.1.1.1 Energy Conservation Compliance Enforcement

Criteria-Each facility of the MGR shall be designed with the goal of reducing water
consumption and energy consumption per gross square foot through life-cycle cost-effective
measures.

Technical Rationale-This criteria ensures compliance with 10 CFR 434, Energy Code for New
Federal Commercial and Multi-Family High Rise Residential Buildings, that provides the
minimum standards for energy efficiency goals in the design of new Federal buildings. This
document provides design requirements for building envelopes, electrical distribution systems
and equipment for electric power, lighting, heating, ventilating, air conditioning, service water
heating and energy management. This is also in conformance with DOE Order 430.2A,
Departmental Energy and Utilities Management, and with Executive Order 13123
(64 FR 30851), Greening the Government Through Effcient Energy Management, that provides
the goals for reduction of greenhouse gas emissions attributed to the energy use of Federal
buildings. Federal buildings include each and every facility in the MGR (surface buildings,
underground facilities, and their associated energy-using systems).
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4.1.1.2 Design.Conditions

Citeria-The ambient (outdoor) and the indoor design conditions as shown in Section 4.8.2 of
this document shall be used in the energy conservation calculations.

Technical ationale-This criterion is based on the applicable comfort criteria in
ANSJ/ASHRAE Std 55(55a)-1995, including addenda 55a-1995-hermal Environmental
Conditions for Human Occupancy and with Subpart C of 10 CFR 434, Energy Code for New
Federal Commercial and Multi-Family High Rise Residential Buildings. The data provided in
Section 4.8.2 of this document is not intended to be all-inclusive and additional data may be
obtained from qualified sources to implement the requirement .of the Energy Conservation
Program.

4.1.13 Prescriptive/System Performance Compliance Alternative

Critera-Each facility of the MOR shall comply with the requirements shown in Table 4.1.1-1,
to evaluate the energy efficiency of any building and associated energy-using system to meet the
water conservation and energy efficiency goals. This alternative compliance method shall be
used where minimum aount of calculation is required to show compliance with the energy
conservation requirements.

Table 4.1.1-1. Compliance Minimum Requirements

Minimum Requirement System Mandatory Minimum
Description General Compliance Requirements" Requirementso

Electrical Distribution System Section 8.1 Section 82 Section 434A01.1
Electric Motors Section 10.1 Section 10.2 Section 434.4012
LUghtin Section 9.1 Section 9.2 Section 434.401.3
BuIlding Envelope Section 5.1 Section 52 Section 434.402
HAC Equipment Section 6.1 Section 62 Section 434A03.1
HWAC Systems Section 6.1 Section 62 Section 434.403.2
Sendce Water Heating Systems Section 7.1 Section 72 Section 43404
NOTES:' ANSIIASHRAE/IESNA 90.1-2001

2 10 CFR 434

Technical Rationale-This criterion is in conformance with Subpart D of 10 CFR 434, Energy
Code for New Federal Commercial and Multi-Family High Rise Residential Buildings, and also
with ANST/ASHRAE/IESNA 90.1-2001, Energy Standard for Buildings Except Low Rise
Residential Buildings.

4.1.1A Building Energy Cost Compliance Alternative

Criteria-The Building Energy Cost Compliance Alternative method shall be used where greater
flexibility is required in the design of energy efficient buildings using an annual energy cost
method. The annual Design Energy Cost of the proposed building shall be less than or equal to
the annual Energy Cost Budget of a prototype or reference building.
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Technical Rationale-This criterion provides an alternative compliance path using the annual
energy cost method in accordance with Subpart E of 10 CFR 434, Energy Code for New Federal
Commercial and Multi-Family High Rise Residential Buildings, and with Section 11 of
ANSIJASHRAEIESNA 90.1-2001, Energy Standard for Buildings Except Low Rise Residential
Buildings. It uses energy cost (dollars) to determine compliance rather than units of energy or
power such as BTU, kilowatt-hour, or kilowatt and allows the energy use contribution of
different fuel sources at different times to be added and compared. This method allows for
innovation in designs, materials, and equipment, such as passive solar heating, heat recovery,
better zonal temperature control, thermal storage, and other applications of off-peak electrical
energy that cannot be adequately evaluated by using other alternative methods.

4.1.1.5 Building Energy Use Compliance Alternative

Criteria-The Building Energy Cost Compliance Alternative method shall be used where greater
flexibility is required in the design of energy efficient buildings using an annual energy use
method. With this method, a life-cycle cost (LCC) analysis shall be performed of major fuel
alternatives and the one with the lowest LCC shall be used in the calculation. The annual Design
Energy Use of the proposed building shall be less than or equal to the calculated annual Energy
Use Budget of a prototype or reference building.

Technical Rationale-This criterion provides an alternative compliance path using the annual
energy use method in accordance with Subpart F of 10 CFR 434, Energy Code for New Federal
Commercial and Multi-Family High Rise Residential Buildings. The life-cycle cost criteria is in
accordance with CFR, which has been identified and is being procured. This alternative method
is similar to the Building Energy Cost Compliance Alternative method. The principal difference
is that the unit for comparing performance is Btu of energy use instead of dollars of operating
cost.

4.1.1.6 Energy Efficency/Sustainable Design Report

Criteria-An Energy Efficiency/Sustainable Design Report shall be prepared for each building at
the end of each design phase of the project to demonstrate that the design complies with the
Executive Orders and Federal regulation sustainable design principles for energy efficiency.
A performance test report shall be also prepared during the operation phase of the facilities.

Technical Rationale-This criterion is in accordance with DOE Order 430.2A, Departmental
Energy and Utilities Management. A certificate of compliance is required for new buildings
whose total energy consumption is expected to exceed 500 million Btu per year or the building is
larger than 10,000 gross square feet and a performance test during the operation phase is required
to demonstrates progress towards meeting energy cost and consumption goals, and the greening
of the government through efficient energy management.

4.1.1.7 Application for Waiver or Exemption

Criteria-Exemptions from the requirements of the Executive Orders and Federal regulation for
energy efficiency shall be obtained by submitting an Application for Exemption to the In-House
DOE Energy Management Coordinator for evaluation and approval.
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Technical Rationale-This criterion is in accordance with DOE Order 4302A, Departmental
Energy and Utilities Management, and with Executive Order 13123 (64 FR 30851), Greening
the Government Through Efficient Energy Management, that provides the goals for reduction of
greenhouse gas emissions attributed to the energy use of the Federal buildings.

4.2 CIVIL/STRUCTURAL/ARCHITECTURAL DESIGN CRTERIA

4.2.1 Civil Design Criteria

4.2.1.1 Civil Codes and Standards

Applicable Project ApplIcable Codes/Standards', Regulatory Guides (RGs);, Code
Discipline SSCs of Federal Regulations (CFRs)3, NUREGs4, DOE Directives'

CMUstructurall civir ANSI/NFPA 407-1990, ASCE 1972, ASCE 7-98. ANSI/AWWA D100-96.
Architectural AWWA-1990, AREA 1997. CWANSI A117.1-1998, ICC 2000 (IBC), NFPA

22-1998, NFPA 70-2002. NAC 445A, NAC 445B, NFPA 24-1995
RG 1.59 Rev 2 RG 1.102 Rev I
10 CFR Part 63,29 CFR 1910,29 CFR 1926,28 CFR 36
NUREG 0800 1987 (NRC 1987)
DOE Order 420.1. Change 3

Technical Rationale:

1 These codes and standards support compliance with requirements of the Project Requirements Document
(Curry and Loros 2002) such as PRD-002T-004 (Information relative to codes and standards that DOE
proposes to apply to the design and construction of GROA as required by 10 CFR 63.21 (cX2)), PRD-022 and
Waste Processing Area Fedlities System Description Document (BSC 2002e). Determination of applicable
sections of these codes and standards will be determined during the design process and In development of
design products.

2 These RGs have been determined to be critcal to the development of design products for preliminary design.
The leveI of conformance with regulatory positions in the RGs will be determined during the design process
and in development of design products that are impacted by these Regulatory Guides. Addressing these RGs
supports compliance with requirements In Waste Processing Area Facilifies System Descripton Document
(BSC 2002e).

3 Addressing CFRs and Federal Aviation Administration Advisory Circulars supports compliance with
requirements in Waste Processing Area Facilities System Description Document (BSC 2002e) and
PRD-015P-015, PRD-015/P-020, PRD-015/P-021 and PRD.005.

4 This NUREG provide guidance on acceptable methods and approaches that could be utilized In MGR design.
5 Addressing the DOE Order supports compliance with requirements of PRD08fP-019. Deterrnination of

applicable sections of this DOE Order will be determined during the design process and In development of
design products.
Revised QA dassification presently not available. The applicable QA classification will be provided when the
revised Q-Ust Is available.

4.2.1.2 Site Development

42.1.2.1 Site Description

The MGR at Yucca Mountain is located approximately 100 miles northwest of Las Vegas in the
State of Nevada. The repository surface facilities are located in distinct operational areas,
namely:

* North Portal Operations Area
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* South Portal Development Operations Area
* Ventilation Shafts Surface Operations Areas
* North Construction Portal.

Williams, N.H. (2002b), addresses the site development plan for the MGR, which incorporates
the necessary civil engineering features and arrangement required to support the surface
repository facilities and systems for safe and efficient operations. The site layout is organized
around the subsurface accesses and is configured considering owner and radiological exposure
boundaries, flood/fault zones, topographic features, and meteorological patterns. In addition, it
supports surface and subsurface operations and the required facility and transportation
arrangements.

The site layout is designed to maximize preclosure radiological safety and to deter postclosure
human disturbance of the MGR. The site layout is also designed to limit impacts to the waste
handling operations caused by worst case environmental conditions.

4.2.122 Surveys and Datum

Criteria-Design documents shall provide for the following:

* Site boundaries

* Site grade

* Datum elevation

. Coordinates (NOTE: Coordinate datums should correspond to Nevada State Plane
Coordinate System, Central Zone [NAD 27] for horizontal and NG'VD 29 for vertical.)

* Coordinates and elevations of the four operational areas as described in Section 4.2.1.2.1
will be given in a later revision

* Survey control points

* Grid north based on the Nevada State Plane Coordinate System

Technical Rationale-The information presented is required for site description by good
engineering practice and shall conform to Nevada State Plane Coordinate System, Central Zone
[NAD 27] for horizontal and NGVD 29 for vertical. These data have been used for all previous
surveys.

4.2.1.2.3 Subsurface Investigations

Criteria-The information obtained for the subsurface investigations for the MGR has been
compiled in the document Geotechnical Data for a Potential Waste Handling Building andfor
Ground Motion Analyses for the Yucca Mountain Site Characterization Project
(ANL-MGR-GE-000003, Rev 00) (BSC 2002s).
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Technical Rationale-As stated, the information obtained for the subsurface investigations for
the MGR has been compiled in the document Geotechnical Data for a Potential Waste Handling
Building andfor Ground Motion Analysesfor the Yucca Mountain Site Characterization Project
(ANLMGR-GE-000003 Rev 00) (BSC 2002s). Therefore, it shall be used for this document.

4.2.1.2.4 Site Design Parameters

Criteria

* Soil Properties-are defined in reports Geotechnical Data for a Potential Waste
Handling Building and for Ground Motion Analyses for the Yucca Mountain Site
Characterization Project, ANI-MGR-GE-000003 REV 00 (BSC 2002s), and Soils
Reportfor North PortalArea, Yucca Mountain Project, 100-OOC-WRPO-00I00-O00-000
(BSC 2002u).

* Soil Bearing Capacity-r defined in report Soils Reportfor North Portal Area, Yucca
Mountain Project, 100 -OOC-WRPO-0100 000-000 (BSC 2002u).

* Groundwater-The groundwater table is located at a typical depth of 1,260 ft below
present ground surface and is over 1,000 fi below the top of bedrock in the North Portal
area. Thus, groundwater is not a factor -in geotechnical calculations Soils Report for
North Portal Area, Yucca Mountain Project, 0O-OOCWRPO-00100-00000
(BSC 2002u).

* Flood-Flooding and wave action consequences associated with flooding events shall be
as identified in Preliminany Hydrologic Engineering Studies for the North Portal Pad
and Vicinity, ANL-EBS-MD-000060 REV 00 (BSC 2002d).

* Frost Depth-The depth of frost penetration for foundation design is as given in
Section 6.1.1.

* Wind and Tornado-For wind load and tornado load design requirements, see
Sections 4.2.2.3.6 and 4.2.2.3.7.

* Seismic-For seismic design load requirements see Section 4.2.2.3.8.

* Environmental Condition-The design shall provide for the ability to withstand and
operate in the extreme outside temperature environment of 2 degrees Fahrenheit to
116 degrees Fahrenheit (Section 6.1.1.5).

* Precipitation-See Section 6.1.1.1 for design basis precipitation.

Technical Rationale-The technical parameters given are defined in reports
ANL-MGR-GE-000003 (BSC 2000s), 100-OOC-WRPO-00100-000-000 (BSC 2002u),
ANL-EBS-MD-000060 (BSC2002d), Sections 6.1.1, 4.2.2.3.6, 4.2.2.3.7, 4.2.2.3.8, and 6.1.1.1
of this document.
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4.2.1.2.5 Site Layout

Criteria-The layout shall define the general layout of, routing of, and/or interfaces to the MGR
systems as identified in Williams, N.H. (2002b).

Technical Rationale-The general layout, routing, and/or interfaces to the MGR systems is
identified in Williams, N.H. (2002b).

4.2.1.2.6 Site Drainage

Cteria-The configuration and grading of pads shall be designed to prevent pooling of water.

* Site drainage shall protect the ramp, ramp portal, shaft, and shaft collar areas ftom water
inflow as a result of the probable maximun flood.

* Site drainage shall contain and route stormwater from natural surface water drainage
ways around surface facilities and provide water drainage for systems located on pads.

* Site drainage shall be designed for the runoff accumulated from the storms identified in
Section 6.1.1.1.

Technical Rationale-Good engineering practice dictates protection of facilities from probable
maximum flood and nmoff accumulations.

4.2.1.2.7 Site Slopes and Grades

Criteria

* The nominal grades within pad areas shall be as required to provide proper drainage.

* Fill slopes shall be designed with a slope value no steeper than two horizontal to one
vertical.

. The system shall provide for worker safety and maintenance in accordance with
29 CFR 1926, Safety and Health Regulations for Construction.

* The system shall povide for worker safety and maintenance in accordance with
29 CFR 1910, Occupational Safety and Health Standards.

Technical Rationale-Good engineering practice dictates proper drainage as well as practical
slope requirements. Safety in construction must conform to federal safety standards.

4.2.1.2.8 Site Barriers

Criteria

. Two separated barriers (provided by the Safeguards and Security System) shall be
located along the perimeter of each protected area.
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* Physical barriers for vital areas and material access areas within a protected area shall be
separated from the physical barriers at the perimeter of the protected area

* Isolation zones (provided by the Safeguards and Security System) at least 20 ft wide
shall be located on both sides of each barrier on the perimeter of the protected area(s).

* The design shall provide secondary containment around all single-walled fuel storage
tanks and petroleum, oil, lubricant, and hazardous material storage sites.

Technical Rationale-Security requirements dictate robust perimeter protection of the protected
areas. Also required is secondary containment of storage sites containing hazardous materials.

4.2.1.2.9 Other Site Impacts

Criteria-Other site impacts for site development can be due to:

* Impacts on historical and archaeological features
* Impacts on endangered species
* Impacts on the environments.

The site layout should be such that these impacts are minimized. The following points shall be
considered:

* The layout design shall not require the disturbance of any Imown archaeological
resource unless the disturbance has been specifically permitted in accordance with the
applicable programmatic agreement between the DOE and the Advisory Council on
Historic Preservation.

* The layout design shall not require the disturbance of any known active desert tortoise
(Gopherus agassizii) burrow, pallet, den, watering depression, cover, etc., unless the
tortoise is relocated in accordance with the applicable biological opinion to be provided
by the U.S. Fish and Wildlife Service pursuant to Section 7 of the "Endangered Species
Act of 1973,' as amended (16 USC 1531).

* In areas where desert tortoises are not relocated, desert tortoises shall be prevented from
entering into areas where MGR activities are being conducted.

Technical Rationale-Conformance with federal requirements for historical and archaeological
features is required, as is the protection of endangered species such as the desert tortoise.

4.2.1.2.10 Pollution and Soil Erosion Control

Criteria

* Pollution and soil erosion controls shall be implemented during construction activities to
mitigate impacts on air, water, and other environmental resources and to assure
compliance with appropriate sections of NAC 445 A, NAC 445B.
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* When riprap is required for erosion control, the riprap shall be sound, durable stone with
an average bulk density not less than 125 pounds per cubic foot according to a standard,
which will be provided later. Stone shall be graded from 12-inches maximum size to
3-inches minimum, as placed vertically. The largest dimension of any riprap stone shall
be no longer than three times the vertical dimension.

Technical Rationale-Construction activities are required to be environmentally responsible and
in accordance with the NAC 445 A and NAC 445B. Riprap is specified in accordance with good
engineering practice.

4.2.1.2.11 Corrosion Potential and Corrosion Control

A. General

Typically, metallic underground installations are prone to corrosion. As identified in
the Soils Report, the oil aggressivity to the ferrous metals from Alluvium and
engineered fill is determined to be lightly corrosive. However, the Soils Report for
North Portal Area, Yucca Mountain Project, lOO-OOC-WRP-00100000-00
(BSC 2002u) indicates that there is not enough data to evaluate the degree of soil
aggressivity to concrete. Types of corrosion control that may be used are protective
coatings and cathodic protection.

B. Cathodic Protection Systems

When buried pipelines require cathodic protection, the systems shall be installed at the
same time as the piping system.

The interior of steel water tanks shall be protected by cathodic protection system.

Technical Rationale-The Soils Report for North Portal Area, Yucca Mountain Project,
100-OOC-WRPO-OO100000-000 (BSC2002u) identifies the soil aggressivity to be lightly
corrosive to ferrous metals. Required cathodic protection is suggested by good engineering
practice.

4.2.1.3 Criteria for Design of Civil Works

4.2.13.1 Earthwork

Criteria

A. Clearing, grubbing, stripping, demolition, and disposal

Clearing-The area within the repository boundary shall be cleared of all materials
above or at the natural ground surface. Materials to be cleared shall include trees,
brush, rubbish, vegetation, and obstructions. However, in certain specified areas,
trees and brush may have to be retained and preserved.
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* Grubbing-The entire area within the limits of clearing shall be grubbed of all
stumps and roots.

* Stripping-AI turf and topsoil shall be stripped from the areas as needed. The
approximate depth of stripping shall be 6 inches below the existing ground levels.
Turf and topsoil shall be stored for reuse in stockpiles separate from other
excavated material.

* Demolition-Redundant buildings and structures shall be demolished and all debris
removed. All underground structures and chambers shall be removed and the
resulting excavation filled with compacted acceptable material.

* Disposal-Debris from clearing and grubbing operations shall be removed to
designated disposal areas. Burning shall not be permitted.

B. Excavation and backfill

* Temporary and permanent earthwork slopes, excavations, and structural fill shall be
in accordance with the requirements of the Soils Report for North Portal Area,
Yucca Mountain Project 100-OOC-WRPO-0100000000 (BSC 2002u).

* As a minimum, the cut and fill slopes shall meet the requirements of 29 CFR 1910
and 29 CFR 1926.

* Permanent fill slopes shall be no steeper than 2:1 (horizontal to vertical)

* Temporary side slopes for pool excavations estimated to be 50 feet deep shall be no
steeper tha1 /4:1 in alluvium and 1:1 in engineered fill. An eight-ft wide
(minimum) bench should be constructed at mid depth of excavation.

C. Compaction

All fill, foundation and trench backfill materials, and utility bedding shall be
compacted to an in-place density of at least 95 percent of the maximum laboratory dry
density as determined by a standard, which has been identified and is being procured.

D. Borrow materials

Borrow material shall be obtained from the Fran Ridge Borrow Area and used in
accordance with the Soils Report for North Portal Area, Yucca Mountain Project,
100-OOC-WRPO-0O100-000-000 (BSC 2002u).

Technical Rationale-Earthwork is in accordance with the requirements 29 CFR 1910 and
29 CFR 1926. Compaction required is in accordance with good engineering practice.
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4.2.13.2 Roadways, Parking Areas, Walkways, and Open Areas

Criteria

A. Road Classification

YMP roads shall be classified as access road, heavy haul loop road, service roads and
driveways, surface transporter or waste package transporter areas, parking areas, and
construction roads.

* The access road runs from near Gate 510 at U.S. 95 to the Nevada Transportation
MGR Facilities.

* Heavy haul loop road connects the access road to the heavy haul onsite rail car
transfer.

* Service roads, driveways, and parking areas shall be located in accordance with Site
Development Plan layout.

* Surface transporter or waste package tranporter areas shall be those as identified in
the Site Development Plan, Williams, N.H. (2002b), for movement of those types of
equipment

* Temporary construction roads will be utilized when and where necessary to
facilitate onsite construction and through site access traffic.

B. Design Parameters

Roads layout and geometry shall conform to Nevada Department of Transportation
specifications, which will be identified in a future revision. Design parameters not
covered in the Nevada Department of Transportation documents shall be based on
Design Guides for Highways and Streets, which has been identified and is being
procured.

* Access road shall be designed to be capable of handling heavy haul truck carrying
rail shipping cask or legal weight truck.

* Heavy haul loop road shall be capable of handling heavy haul truck carrying rail
shipping cask or legal weight truck.

* Service roads, driveways, and parking areas shall be capable of handling legal
weight truck.

* Surface transporter paths shall be capable of handling the movement of fully loaded
surface transporter.

• Permanent roads and parking areas shall have permanent surface such as concrete
or asphalt.

Project Design Criteria Document 35 March 2003
POC mlFiaI



000-3DR-MGRO-O0000-D-001

* Construction roads shall be gravel surface designed for loading in accordance with
standard which has been identified and is being procured.

* Minimum road width for fire fighting apparatus shall meet the requirements of
Section 4.8.1.5.

C. Parking Areas

Parking areas shall have a minimum slope of one percent in the direction of drainage.
Parking areas shall be asphalt paved and sized to accommodate a minimum of (to be
provided later) vehicles. Handicapped parking shall be provided as a ratio of
two percent.

The handicapped parking and the curb ramps for the handicapped shall be marked and
dimensioned in accordance with ICC/ANSI Al 17.1.

D. Site Access

Access to the site shall be via access control points. Once within the site personnel
shall walk to their respective work location of the facility.

E. Walkways

Walkways shall be provided for pedestrian traffic from designated parking lots to and
around all permanent buildings.

F. Accessibility

The administrative portion of all buildings and adjoining site including parking areas
will require handicap accessibility. These buildings and parking areas shall be
designed in accordance with ICC/ANSI Al 17.1.

G. Open Areas

Open areas around building disturbed areas shall be covered with a three-in. layer of
1/4-in. crushed surfacing surface course.

H. Signs and Markings

Signs and markings on pavement shall be provided as necessary in accordance with
standards, which has been identified and is being procured.

1. Power Line Clearance

The minimum power line clearance shall be provided in electrical design criteria
(Section 4.3).

Standard CAUTION signs shall be placed on both sides of the road where electrical
lines cross over roads. Signs shall state the actual clearance from the top of the road to
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the lowest wire or cable. The sign must be visible at 100 ft away from the overhead
lines.

Technical Rationale-Layout of roadways, parking areas, walkways, and open areas are in
accordance with the Williams, N.H. (2002b), and with code identified, which is being procured.
Roadway design is determined by loading conditions in accordance with good engineering
practice. Handicapped accessibility complies with ICC/ANSI Al 17.1. Minimum clearance of
power lines over plant roads will be in accordance with electrical design criteria.

4.2.133 Railroad Design

Criteria

A. General

The bases for railroad facilities design shall be the criteria in AREA 1997, Manualfor
Railway Engineering.

B. Track Layout

Track layouts shall allow rail movement to be continuous from the interchange yard
through the classification yard to the delivery tracks. Each interchange or receiving
track shall be designed to accommodate the maximum single delivery. The average
number of cars in each classification shall determine the length of classification tracks.

C. Drainage

Track-side drainage swales, drainage ditches, intercepting ditches, culverts, lateral
drains, pipe drains, and other drainage facilities shall comply with AREA 1997,
Manualfor Railway Engineering.

D. Structures

The design strength of railroad structures shall not be less than that required for a
Cooper E-80 loading, AREA 1997, Manualfor Railway Engineering.

E. Rail

Rail to be used in new construction or for minor alignment and modifications shall be
new or relayer rail. New rail is preferred for new construction.

F. Ties

The use of non-wooden ties shall be allowed, provided the cognizant DOE authority
approves the alternative material. Concrete ties shall be used in areas where tie
inspection and maintenance entails pavement removal or in locations where track
maintenance interferes with other site operations and activities (e.g., railroad and road
crossings, paved streets, and paved industrial areas). All wood ties shall be treated
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with decay-retardant compounds conforning to the requirements of AREA 1997,
Manualfor Railway Engineering. Hardwood ties shall be provided with anti-splitting
devices in each end.

G. Joint Bars

Joint bars shall be ofthe size, shape, and punching pattern to fit the rail.

Compromise Joint Bars-Where new or relayer rail joins rail of lighter weight,
compromise joint bars shall be used. Each pair of compromise joint bars shall be of
the proper design and dimensions for the rail on which it is applied.

H. Tie Plates

New Rail-Tie plates shall be new with or without ribs. Insulating tie plates shall be
used in the vicinity of lighted crossings.

Relayer Rail-Used tie plates in good condition and of the proper size and punching
can be used with relayer rail. The size of the used tie plates shall not be smaller than
7Y/a-inches by 10-inches for an 85-pound relayer rail and 7Winches by 11-inches for a
I I-pound relayer rail. Tie plates with or without ribs can be used.

I. Rail Anchors

Rail anchors shall be spaced to comply with AREA 1997, Manual for Raitway
Engineering.

J. Spikes

Six in. by 5/8-in. spikes shall be used for all ties. New track spikes shall be used for
both new and relayer rail.

K. Guardrails

Guardrails shall be installed on both sides of all single-track bridges and trestles. Each
guardrail shall be 11 in. from the traffic rail and shall extend at least 30 ft beyond each
end of the bridge or trestle. One guardrail shall be placed on the outside of each track
of double-track bridges or trestles.

L. Road-Railway Grade Crossing

All grade road crossings shall comply with AREA 1997, Manual for Railway
Engineering and local highway standards.

M. Ballast

The minimum depth of ballast under the ties shall be 8 in. Prepared ballast (stone,
gravel, or slag) will be accordance with AREA 1997, Manual for Railway
Engineering.
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N. Turnouts

Turnouts shall comply with AREA 1997, Manualfor Railway Engineeing.

0. Super-elevation

Super-elevation shall not be used on curves where the speed is less than 20 miles per
hour except when required by the serving railroad. Super-elevation shall be provided
on access or main running tracks where the speed is equal to or greater than 20 miles
per hour.

P. Grades

The maximum grade on access lines shall be determined by the tonnage handled in
one trin unit. An analysis shall be made to design grades below three percent.
Grades shall not exceed three percent without approval by the cognizant DOE
authority. The design shall be coordinated with the requirements of the serving
railroad.

Q. Clearances

Clearances for tangent track shall comply with AREA 1997, Manual for Railway
Engineering. Side clearances shall be measured horizontally from the centerline of
tracks. Side clearances on the outside of curves shall be increased one in. for each
degree of track curvature over that shown for tangent track. Side clearances on the
inside of curves shall be increased one in. for each degree of track curvature and also
three and one haiftimes the amount of super-elevation of the high rail.

R. Electrical Grounding

Electrical grounding shall be provided at intervals to preclude development of
electrical potentials. Electrical grounding shall include bonding between rail sections,
installation of ground electrodes, and connection of spur track with building grounding
systems where they are within 25 ft of each other.

Electrical grounding shall comply with the NFPA 70-2002.

Technical Rationale-The bases for railroad facilities design are the criteria in AREA 1997,
Manual for Railway Engineering, and good engineering practice. Railroad structures are
designed for Cooper E-80 loading as a very heavy loading.
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4.2.13A Heliport Design

Criteria

A. General

* Planning and design of aviation facilities and the aipace clearances shall comply
with FAA Advisory Circular, which has been identified and is being procured.

* Principles and criteria of airfield general site plans are contained in FAA Advisory
Circular, which has been identified and is being procured. Heliports shall not be
located closer to critical facilities than two times the dimension of the landing pad
or three times the rotor diameter of the largest helicopter authorized to land at the
heliport

B. Site Selection-The following parameter shall be considered to determine the adequacy
of the aviation facility-

Site selection for a heliport or plans for expansions of existing facilities shall comply
with FAA Advisory Circular, which has been identified and is being procured.

C. Aircraft Characteristics-The design of aviation facilities shall be based on
consideration of relevant aircraft characteristics contained in FAA Advisory Circular,
which has been identified and is being procured.

D. Airfield Safety Clearances-Airfield safety clearances shall comply with clearance
criteria and the criteria for determining obstructions to air navigation in FAA Advisory
Circular, which has been identified and is being procured.

E. Fire and Rescue Facilities-Fire station facilities shall comply with FAA Advisory
Circular, which has been identified and is being procured.

F. Drainage-Airport drainage systems shall comply with FAA Advisory Circular, which
has been identified and is being procured.

G. Pavements-Airfield pavements shall be designed in accordance with FAA Advisory
Circular, which has been identified and is being procured.

H. Pavement Markings-The marldng of paved areas at airport and heliports shall
comply with FAA Advisory Circular, which has been identified and is being procured.

I. Storage Facilities for Petroleum, Oil, and Lubricants-Storage of petroleun, oil,
and lubricants shall comply with ANSI/PA 407-1990.

Technical Rationale-Heliport design is in accordance with FAA Advisory Circulars that have
been identified and are being procured.
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4.2.1.3.5 Sanitary Sewer System

Criteria

A. System Design

The system design shall comply with federal and state regulations on water and air
pollution and shall be in accordance with Manual, which has been identified and is
being procured.

The system shall be designed in accordance with Nevada State Department of Health
and Nevada Administrative Code (AC) requirements for Large Onsite Sewage
Systems, which will be identified later. Design the pressure distribution leach fields in
accordance with the requirements of the Nevada regulations for onsite sewage systems
and the Nevada Design Standards for Large Onsite Sewage Systems.

The system design shall be based on a standard, which has been identified and is being
procured.

Quantity of Sanitary Sewage

The rate of sanitary flow shall be calculated on the basis of 15 gallons per person per
day for the Administration Building and 35 gallons per person per day for the
remainder of the plant facilities, which will be confirmed later.

The rate of sanitary flow for the construction phase shall be calculated on the basis of
10 gallons per person per day for the total population, which will be confirmed later.

B. System Layout

Gravity flow pipelines shall collect and transfer sewage to the septic tanks. Pump
stations (dosing tank) shall pump the effluent to the drain fields. A pressurized drain
field system shall be used for disposal of the sewage.

The minimum diameters shall be 8 inches for sanitary sewer main lines and 6 inches
for laterals.

The minimum grade for various pipes shall be as follows:

Diameter (inches) Grade (ft per 100 fI)
6 0.49
8 0.33

10 0.24
12 0.19

Manholes shall be located at all junctions and changes of grade or size of mains.
Spacing between manholes on the main lines shall not exceed 400 ft. Cleanouts shall
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be located at dead ends of laterals and where laterals make a horizontal change in
direction. The maximum length of sewer lateral shall be 100 ft without a cleanout.

Minimum sewer velocities shall be designed in accordance with Manual, which will be
provided later.

Technical Rationale-The sanitary sewer system is designed in accordance with manuals,
Nevada State Department of Health, Nevada Administrative Code Requirements, and good
engineering practice.

4.2.13.6 Storm Drainage System

Criteria-All areas of the YU? shall be designed for storm water runoff, based on the functional
requirements of each facility.

* The majority of the site storm water shall be managed in a closed underground drainage
system, which exits to a detention pond.

* The storm drainage system shall be designed to handle the flow that is generated by a
25-year storm event and to facilitate firewater runoff.

* The maximum single-source discharge shall be based on average annual precipitation.

* There shall be no process liquid or sanitary sewer contributions to the storm system.

* Building and surface runoff shall be directed toward drainage structures (catch basins)
and ditches by sloping the tributary surface area

* The minimum culverts diameter shall be 18 inches.

* Culverts and pipes shall be designed to accommodate the minimum HS20-44 loading in
accordance with code that has been identified and is being procured, unless they are
located in the areas of heavy haul truck or the surface transporter or waste package
transporter. In these cases, appropriate loading from heavy haul truck or surface
transporter or waste package transporter shall be considered.

* Drainage ditches shall be trapezoidal in cross section with minimum bottom width of
3 ft and with minimum side slope of 2:1. Roadway ditches may be "V" shaped.

* Drainage discharge point shall have a riprap in a fan shape to disperse outfall stormwater
flow.

* Drainage ditch slopes shall be based on channel velocity, calculated using the "Manning
Formula."
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* Drainage ditch slopes shall be set such that the maximum velocities are as follows:

- In clay and/or silty sand, 2.5 ft per second
- In fine gravel, ft per second
- n asphalt-lined ditches, 8 ft per second
- Concrete and riprap-lined ditches, 18 ft per second.

* The Manning coefficient of roughness shall be:

- 0.013 for concrete-lined ditches
- 0.033 for riprap ditches
- 0.025 for gravel-lined ditches
- 0.009 for PVC piping.

* Quantity of Storm Flows

Calculation of the surface runoff peak flow rates shall be by the Modified Rational
Method as follows: -

Q - Peak discharge in cubic ft per second

A = Drainage area in acres

C = Coefficient of runoff

I = Average rainfall intensity in inches per hour for a given fequency and for the
duration equal to the time of concentration.

* Storm management systems for all areas shall be designed for a 25-year, 6-hour storm.

* The coefficient of runoff factor, C, shall be:

- 0.90 for roofs and impervious pavements
- 0.50 for graveled areas
- 0.10 for all other open areas.

* The weighted average of coefficient of runoff factor, C, for sub-areas shall be used in the
design.

Technical Rationale-The Stormwater Drainage System is configured and designed according to
good engineering practice using the Modified Rational Method for surface runoff.

4.2.1.3.7 Water Supply

Criteria-Potable water mains, 4 inches and larger in diameter, shall be designed in accordance
with standards to be provided later. Potable water piping less than 4 inches in diameter shall be
designed in accordance with ASTM standard which, has been identified and is being procured.
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Cross-connections between the potable and irrigation systems are not recommended. However,
if cross-connection control for potable water systems is required, it shall include an approved
reduced-pressure backflow preventer and shall be designed in accordance with ANSITAWWA
M14 (1990).

A. Water Demand

The potable water supply systems shall be designed to deliver a peak flow of 2.5 times
the average daily demand, plus any special water demands. Construction requirements
and permanent operation requirements will be provided later. The water pressure shall
have a minimum residual pressure of 30 psi. Water supply systems shall be designed
to maintain a normal operating pressure of 40 psi to 100 psi in the water main lines
and the service lines. Worldng pressure for potable water and firewater is 100 psi for
the lines from the water tanks to and on the pad. The minimum test pressure is
200 psi.

B. Water Pipelines

Potable pipeline requirements are as follows:

* The material for water mains shall have a minimum pressure rating of 200 psi.

* Water mains shall be a minimum of 4 inches in diameter. Pipes for water mains
shall be polyvinyl chloride (PVC) or ductile iron, rated for the maximum pressure
encountered. All PVC potable water pipes shall be PVC.

* Service lines shall be a minimum of 1 inch in diameter. Service lines less than
2 inches in diameter shall be connected to the main line by a corporation stop.
Service lines 2 inches and larger in diameter shall be connected to the main line by
a rigid connection. Service line materials shall be selected on a project-specific
requirement basis.

* Underground pressure pipe joints and appurtenances shall have adequate thrust
blocks. Above ground pipe joints and appurtenances shall have adequate
anchorage systems.

* Underground pipelines shall be installed with at least 36 inches of cover over the
piping or at least 12 inches below fost depth, whichever is deeper (NAC 445A).
Additional cover shall be provided at roadway crossings in heavy traffic areas, and
at railroad crossings.

C. Fire Protection Water Supply

Requirements for fire protection water supply are as follows:

* The water supply system shall supply water to the firewater storage tanks with
sufficient flow to fill them in 8 hours (Section 4.8.1.14).
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D. Disinfection

Newly constructed potable water mains; mains that have been removed from service
for planned repairs or for maintenance that exposes them to contamination, mains that
have undergone emergency repairs due to physical failure, and mains that under
normal operation continue to show the presence of coliform organisms shall be
disinfected in accordance with standard which, has been identified and is being
procured.

Technical Rationale-Peak flow requirements for water demand are based on good engineering
practice. Potable pipeline requirements and fire protection water supply requirements are also
based on good engineering practice.

4.2.1.3.8 Underground Utilities Pipes

Criteria

* Anchor blocks or joint restraints shall be provided for pressure piping systems at all pipe
fittings.

* All underground pipes. shall be designed for soil loads and traffic loads. Concrete
encasement (reinforced) or pipe casings shall be provided at road crossings or other
locations as required by load conditions.

* Sewers shall be lower than water mains and separation requirements between sewers and
water mains shall be in accordance with NAC 445A.

* Sewer or water main trench widths shall be minimized; however, excavations, trenching,
and shoring shall comply with 29 CFR 1926, Subpart P. Pipe bedding specified by the
pipe manufacturer shall be in place prior to installation of sewers and water mains.

* General requirements for underground pipelines for fire protection are descibed in
Section 4.8.1.14.

* Piping material for fire protection shall meet the requirements of NFPA 24-2002.

Technical Rationale-Underground utility pipes are designed for pressure loads, soil loads, and
traffic loads according to good engineering practice. Separation and configuration of water
mains and sewer lines are designed according to good engineering practice. Mains and sprinkler
systems for fire lines are configured according to good engineering practice.

4.2.1.3.9 Electrical Duct Bank

Criteria

* All electrical duct banks shall be designed for soil and traffic loads at road and railroad
crossings. Traffic loading includes normal HS-20 truck loading and heavy transporter
loading where applicable.
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* Electrical duct banks shall be located at a depth of 3-foot maximum cover top of duct
bank to finish grade surface. Exceptions to the depth requirement shall be permitted for
short portions of 10 percent or less of the entire length of the duct bank nL

* The minimum horizontal clearance between adjacent duct banks shall be 2 ft face to
face.

Technical Rationale-Electrical duct banks are designed for soil, railroad, truckloads, and ground
cover according to good engineering practice.

4.2.1.3.10 Pipe Rack Utilities

Criteria

* Pipe rack utilities shall be designed based on the structural design criteria.

* Foundation design recommendations for isolated spread footings shall be in accordance
with structural design criteria and the Soils Report for North Portal Area, Yucca
Mountain Project, 100-OOC-WRPO-0010O-000-000 (BSC 2002u).

Technical Rationale-Pipe rack utilities design is based on structural design criteria and soil
loads as specified in the Soils Report for North Portal Area, Yucca Mountain Project,
100-OOC-WRPO-00100-000400 (BSC 2002u) according to good engineering practice.

4.2.1.3.11 Fencing

Criteria-The YMP Restricted Area perimeter shall be fenced to prevent intrusion into the area.
Fencing shall be limited to that required for safety, physical security, and activity control.

* All permanent fences shall be galvanized chain fences. Material shall be in accordance
with standard to be provided later.

* Fencing shall be grounded around substations, fuel storage areas, and other hazardous
areas.

* The overall fence height, including barbed wire topping, shall be 8 ft nominal.

* Fencing shall be topped with three strands of barbed wire on outriggers. Tension wires
at top and bottom shall be used to secure the fence fabric.

* Perimeter fence shall meet security requirements of the site. Posts, bracing, and other
structural members shall be located on the inside of secured perimeters.

* Fence shall be 9-gauge, galvanized steel fabric with mesh openings not larger than
2 inches. Outriggers shall be angled outward, away fiom the security area

* All posts shall be set in concrete. Concrete foundation shall be designed to withstand
any strain or shocks ordinarily brought to bear on the fence.
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* Gates shall be double swing, unless called out as roll and slide type.

* Electrical grounding shall be provided for all permanent fencing in accordance with the
NFPA 70-2002.

Technical Rationale-Fencing configuration, material, and construction are required for security
and good engineering practice. Grounding is in accordance with NFPA 70-2002.

4.2.13.12 Yard Fire Protection

To be provided in a later revision

4.2.13.13 Fleld-Erected Tanks and Tank Foundations

Criteria

* Field-erected tanks can be for the purpose of storage of fuel oil, firewater, etc.

* Tanks that contain water for purposes other than fire protection shall meet ptandard that
will be provided later.

* Tanks for firewater storage shall meet the NFPA 22-1998 requirements.

Tanks for fuel oil or similar material shall meet standard to be provided later.

* Design tanks for the following loading and ambient conditions as provided in the
structural design criteria:

- Roof load (including snow load)
- Design wind velocity
- Seismic load
- Lowest 1-day mean ambient temperature
- Allowable soil pressure
- Ambient temperature range.

* Increase the thickness of the various tank elements by the following corrosion
allowances for steel tanks:

- Bottom, 1/8 inch
- Shell, 1/16 inch
- Roof plate, 1/16 inch
- Webs of roof support members, 1/16 inch

* Provide the roof type required for each tank furnished. Use tubular or pipe section
columns for supported cone roofs.
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. Provide ladders, fittings, and other appurtenances as required. Terminate ladders 1 foot
above finish grade.

* Design ladders, ladder safety cages, platforms, and handrails in accordance with
Occupational Safety and Health Administration requirements.

* Provide overflow pipes, vents, nozzles, shell manholes, and roof hatches in accordance
with the applicable design code.

* Provide liquid-level indicator as required.

* Design supports and fasteners for the liquid-level indicator(s) in accordance with the
manufacturer's recommendations.

* Design tank foundations in accordance with accepted design practices. All nozzles 6 in.
or less shall be stainless steel. The bottom of central column configuration shall be
stainless steel.

Technical Rationale-Field erected tanks and tank foundations shall be designed for loadings
specified in the structural design criteria. Firewater storage shall meet the requirements of
NFPA 22-1998. Configuration and appurtenances shall conform to good engineering practice
and shall meet the requirements of NFPA 22-1998.

4.2.1.3.14 Postclosure Monuments

To be provided in a later revision.
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4.2.2 Surface Structural Design Criteria

4.2.2.1 Surface Structural Codes and Standards

Applicable Applicable Codes/Standards', Regulatory Guides (RGs)f, Code
Discipline Project SSCs of Federal Regulatons (CFRs), NUREGs', DOE Directives

ICC 2000 (3C), ACI 201.2R-01, ACt 301-99, ACI 318-021318R-O2, ACi
349-01, ACI 530-02IASCE5-02TMS 402-02. AISC 1989. AISC 1995, AISC
1997, AISC S303 2000. AISC S341 1997, ANSI A58.1-1982, ANSI/AISC
N690-1994, ANSIIANS-2.8-1992, ANSVANS-57.7-1988.
ANSiIANS-57.9-1992, ANSIIANS-6.4-1997, ANSI/ANS-6.42-1985,
ANSIJASHRAEIIES 90A-a-1987, AWS 1.11DI.1M-2002, ASCE 7-98 2000.
ASCE 4-98 2000, ASME NOG-1-2002. ASTM A9921A 992M-02, ASTM
A36IA 36M-01, ASTM A531A 53M-01, ASTM A325-02, ASTM A500-01a
Grade B. ASTM F1554-99, ASTM A108-99, ASTIV A653/A 653M1s,
ASTM A7061A 706M-01, ASTM A6151A 615M-01b, ASTM A185-01, ASTM
A307-00, ASTM A490-02. ASTI D5144-00, IEEE Std 739-1995,

CIStructuraV s ar MIL-STD-1472E-1996, NFPA 101-2000. UCRL-15673 (Bongaira et
Architsctlral al. 1985), CMAA70-2000

RG 1.102 Rev 1. RG 1.117 Rev 1. RG 1.122 Rev 1, RG 1.13 Rev 1,
RG 1.165 Rev 0, RG 129 Rev 3, RG 1.59 Rev 2, RG 1.61 Rev 0. RG 1.69
Rev 0. RG 1.76 Rev 0, RG 1.91 Rev 1. RG 1.92 Rev 1. RG 3A9 Rev Q
RG 3.60 Rev 0. RG 8.8 Rev 3
10 CFR 20, 10 CFR 63,10 CFR 73.29 CFR 1910.29 CFR 1926
(Sections 750-761),36 CFR 1191, Appendix A.
NUREG-0700 1996 (NRC 1996), NUREG-0800 1987 (NRC 1987);
NUREG-1567 2000 (NRC 2000a)
DOE Order 420.1-2000 Change 3. DOE-STD-1020-2002

Technical Rationale:
These codes and standards support compliance with requirements of Prject Requirements Document Curry
and Loros 2002) such as PRD.0021T-4 (Information relative to codes and standards that DOE proposes to
apply to the design and construction of GROA as required by 10CFR6321(c)(2)). PRD22 and Waste
Processing Area Faciities System Descdrptfon Document (BSC 2002e). Determination of applicable sections of
these odes and standards will be determined during the design process and In development of design
products.

2 These Regulatory Guides have been determined to be critical to the development of design products for
preliminary design. The level of conformance with regulatory positions in the Regulatory Guides will be
determined during the design process and in development of design products that are inpacted by these
Regulatory Guides. Addressing these Regulatory Guides supports compliance with requirements In Waste
Processing Area Facilties System Description Document (BSC 2002e). -

3 Addressing Code of Federal Regulations supports compliance with requirements in Waste Processing Area
Facilties System Descdpton Document (BSC 2002e) and PRD-0151P-015. PRD-015/P-020. PRD-OISIP-021
and PRD.005.

4 These NUREGs provide guidance on acceptable methods and approaches that could be utilized In MGR
design.

5 Addressing this DOE Order supports compliance with requirements of PRD-018/P-019. Determination of
applicable sections of this DOE Order will be determined during the design process and In development of
design products.

Revised QA classification presently not available. The applicable QA classification iN be provided when the
revised 0-List is available.

4.2.2.2 Categorization of Structures, Systems, and Components

Criteria-The surface facilities in MGR handle large quantities of radioactive and hazardous
materials. Natural phenomena hazards (NPH) such as earthquakes, winds, and floods can result
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in the uncontrolled release of these materials. Consequently, it is necessary to ensure that facility
structures are designed to withstand the effects of those natural phenomena events that are
postulated to occur during the life of the facility.

To ensure that an adequate level of protection is provided for facility workers, co-located
workers, and the public from the potential consequences associated with NPH, a graded
approach has been employed in the NPH design of the MGR Facility. Seismic categorization of
SSCs Important to Safety (ITS) and conventional quality SSCs designed to International
Building Code, ICC 2000, are described in Tables 4.2.2-1 and 4.2.2-2. The seismic design basis
summary for various facilities is shown in Table 4.2.2-3. Seismic design inputs are addressed in
Section 6.1.3.

Technical Ratonae-For structures important to safety (ITS) seismic response is in accordance
with site specific, information. For conventional quality structures seismic response is in
accordance with International Building Code, ICC 2000.

Table 42.2-1. Seismic Frequency Categories for FC-1, FC-lA and FC-2 SSCs ITS

Seismic Earthquake (Annual
Frequency Probability of Earthquake
Category Excoedance) (Return Period) Applicablnty

SSCs Quality Levels ITS Is defined by the
Pro-closure Safety Analysis to meet dose

FC-2 1 x e w 10,000-ear exposure Emits defined In 10 CFR 63. The
FC- .00Year SSCs are designed to governing codes.

Umited inelastic behavior without the loss
___________ _____________ of function Is Permitted In the design.

SSCs Quality Levels ITS Is defined by the
Pre-closure Safety Analysis to meet dose
exposure limits defined In 10 CFR 63. The
SSCs are designed to governing codes to

FC-1A 5 X 10,4 2,000-year ~remain within the elastic Emit Some SSCs
FCIA 5 x 10 $ 2.000-year as defined In the Preclosure Safety

Analysis may need additional verification of
meeting the strength requirements with
lindted nelastic behavior to withstand FC-2

.____________ __________________ category seism ic event
SSCs Quality Levels ITS is defined by the
Preclosure Safety Analysis to meet dose

FC-1 1 x i0 4 1.000-year exposure limits defined In 10 CFR 63. The
SSCs are designed to goveming codes to
remain within the elastic limiL
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.Table 42.2-2. Seismic Use Group of Conventional Quality SSCs Designed to IBC

Seismic Use Importance
Group Factor I Nature of Occupancy

III 1.5 SSCs Containing Toxic, Explosive end Hazardous Materials.
II 125 SSCs that represent substantial Hazard to Human Life. (Example:
125_________ Heavy Equipment Maintenance Faclity)

1.0 SSCs except those listed In Use Group II and 1II. (Example: Normal
Occupancy less than 300 People)

Table 4.2.2-3. Seismic Design Basis Summary for Various Facilities

No. Facility Seismic Design Basis-
1 Dry Transfer Facility #1
2 Dry Transfer Facility # 2
3 Remediaton Building
4 Low Level Waste Treatment Buildino
_ Transporter Receipt Muiding
6 Disposal Container Preparation Bunding
7 Surface Aging Facility
8 Heavy Equipment Maintenance Fecilit
9 Switchgear Building
10 Balance of Plant Facilities
To be added later

Table 4.2.2-4 provides a summary of the structural design codes and standards and their
applicability for different Quality Level Seismic Category facilities.

The application of the particular code or standard is also summarized in the table. Application of
these standards is addressed in more detail in Section 4.2..2.

Table 42.2-4. Applicability of Design Codes and Standards

Conventional Quality
ITS SSes SSBCS 

(SelsmIcFC-1, FCIA, (IBC SeIsmic Use
Title Applicabilty and FC-2) Group)

ICC-2000 SimcDsg 
International Building Code Seismic Design X
ASCE 4-98
Seismic Analysis of Safety-Related Seismic Analysis X
Structures ...

ACI 349-01 Dsg fCnrt
Code Requirements for Nuclear Design of reteX
Safety-Related Concrete Structures re
ACI 318-021318R02 siu s x
Building Code Requirements for SDuuesi ofCnrt
Structural Concrete re
ANSVAISC N69O1994
Steel Safety-Related Stuctures for Design of Structural Steel X
Design, Fabrication and Erection
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Table 422-4. Applicability of Design Codes and Standards (Continued)

Conventional Quality
IT ss s sscs

(SelsmIcFC-1, FC4IA, (iBC Seismic Use
Title Applicability and FC-2) Group)

AISC-1997
Manual of Steel Construction, Design of Structural Steel X
Allowable Stress Design
AISC S341-1997 Selsmic Detailing of
Seismic Provisions for Structural Steel Structural Steel X x
Buildings (Part lul)
ICC-2000 Minimum Lve Loads X X
Intemational Building Code
ICC-2000 Wind Load Design x x
International Buildina Code Methodology
ICC-2000 Snow Load Design x X
International Building Code Methodology
Code identified, being procured Deslan of Steel Deck X X

4.2.2.3 Design Loads

SSCs shall be designed for the loads prescribed in this document and as supplemented by any
additional criteria for the project.

4.2.2.3.1 Dead load (D)

Criteria-Dead loads are loads that remain permanently in place.

Technical Rationale-Standard structural terminology.

4.2.2.3.2 Live Load (L & L,)

Criteria-Live loads (L) are those loads produced by the use and occupancy of a building or other
structure. Live loads on a roof (Li) are those produced (1) during maintenance by workers,
equipment, and materials and (2) during the life of the structure by movable objects such as
temporary equipment Also considered as live loads are the dynamic effects of operating
equipment (such as cranes and pumps).

Live loads on roofs shall be as stipulated in ICC 2000.

Technical Rationale-Standard structural terminology. Using International Building Code is
good engineering practice.

4.2.2.3.3 Snow Load (SN)

Criteria-Snow load shall be obtained from Section 6.1.1.1.

Technical Raional-Using International Building Code is good engineering practice.

Project Design Criteria Document 52 March 2003
PDC OIFi).l



000-3DR-MGRO-001004O0-001

4.2.2.3A Ash Load (A)

Criteria-Based on Section 6.3.3.52 of MGR External Events Hazards Analysis (CRWMS 
M&O 2000a), it is determined that potential ash load is 18.14 lbs/ft2 . This is lower than typical
roof live load of 20 lbs/ft2 specified in building code. Hence, roof loading due to ash fall is
screened from firther consideration.

Technical Rationale-Ash load is screened from further consideration because its potential load
from CRWMS M&O 2000a is less than that specified as typical in building code.

4.2.2.3.5 Lateral Earth Pressure (H)

Criteria-Every foundation wall or other wall serving as a retaining structure shall be designed to
resist (in addition to the vertical loads acting on it) the incident lateral earth pressures and
surcharges. The minimum surcharge load shall be 300 lbs/f?2 for normal vehicular traffic.
Dynamic lateral earth pressures increment due to design basis earthquake shall be computed for
FC-1, FC-IA and FC-2 structures from the soil-structure interaction analysis. At rest lateral
earth pressure shall be used in the design of structures. Active lateral and passive earth
pressures, as appropriate, shall be used in the stability evaluation of structures. Any hydrostatic
pressure shall correspond to maximum probable groundwater level.

Technical Rationale-Surcharge load listed is in conformance with good engineering practice.

4.2.2.3.6 Wind Load (W)

Criteria

* For all structures the wind loads shall be calculated per the provisions of ICC 2000,
using extreme wind velocity of 121 mph (MGR Design Basis Extreme ndTornado
Analysis [CRWMS M&O 1999]).

• Refer to the discussion of wind loads in Section 6.1.1.2

TechnicalRationale-Design velocity is result of CRWMS M&O 1999.

4.2.2.3.7 Tornado Loads (WA

Criteria

* For structures important to safety, the basic parameters for the tornado loads shall be as
follows (CRWMS M&O 1999) and guidance in Regulatory Guide 1.76, Rev 0:

- Maximum speed-I 89 mph

- Pressure drop-0.81 psi

- Rate of pressure drop-0.30 psi/sec
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- Tornado generated missiles shall be either Spectrum I or Spectrum II as defined
below:

- Spectrum I-See NUREG-0800 (NRC 1987), Section 3.5.1.4
- Spectrum II-See Table 5 of CRWMS M&O 1999

* For conventional quality structures, tornado loads are not applicable.

Technical Rationale-Tornado loads are taken from CRWMS M&O 1999 and Regulatory
Guide 1.76, Rev 0. Definition of Spectrum I and II are from NUREG-0800 (NRC 1987),
Section 3.5.1.A and from Table S of CRWMS M&O 1999.

4.2.2.3.8 Seismic Loads (E)

Criteria

* For structures important to safety with seismic categories FC-1, FC-lA and FC-2, the
seismic load shall be based on the following

- Design ground motions shall be in accordance with Acceleration Ground Response
Spectra provided in Section 6.1.3.

- Seismic analysis meets the requirements of NUREG-0800 (NRC 1987),
Sections 3.7.1, 3.7.2, and 3.7.3.

- Damping values shall be in accordance with Regulatory Guide 1.61, Rev 0.

- Consideration of soil-structure interaction effects.

- Development of structural/seismic responses (acceleration, moments, shears).

- Development of Floor Response Spectra (FRS).

* For conventional quality structures, seismic loads shall be based on seismic use groups
listed in ICC 2000 (IBC).

Technical Rationale-For structures important to safety seismic response is in accordance with
Section 6.1.3, with the analysis meeting the requirements of NUREG-0800 (NRC 1987),
Sections 3.7.1, 3.7.2, and 3.7.3. Soil-structure interaction effects shall be considered. For
conventional equality structures seismic response is in accordance with ICC 2000 (IBC).

4.22.3.9 Thermal Loads (T., T.)

Criteria-The design of structures shall include the effects of stresses resulting from variations in
temperatures under Category I or 2 event sequences (normal operating conditions and accident
scenarios). Structures shall also be designed for movements resulting from the maximum
seasonal temperature change. The design shall provide for the lags between air temperatures and
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the interior temperatures of massive concrete members or structures. The ambient temperature
profile provided in Section 6.1.1.5 shall be used in the determination of the thermal loads.

Operating Tenmeratures, T.

Internal temperatures at various locations inside the facility structures during normal
operating conditions shall be per the Ventilation Design Criteria.

Accident Temperatures, T.

Internal temperatures at various locations inside the facility structures during accident
conditions shall be identified on a case-by-case basis and coordinated with Environmental
Safety and Health (ES&H).

Temperature Effects on Structural Elements

* The temperature effects for structural steel elements shall be in accordance with Part 6
of AISC-1997.

* The temperature effects for structural concrete elements shall be in accordance with
Appendix A of ACI-349-01.

Technical Rationale-Stresses resulting firom thermal loads, both normal operating conditions
and accident scenarios, shall be used in the design of both steel and concrete structures in
accordance with applicable sections of AISC-1997 and ACI 349-01.

4.2.2.3.10 Creep and Shrinkage Forces

Cliteria-Effects of creep and shrinkage shall be included with the dead load as applicable.

Technical Rationale-Standard engineering practice.

4.2.2.3.11 Fluid Load, F

Criteria-The design of structures shall include the effects of stresses resulting from fluid loads.
Fluid loads include loads due to weight and pressure of fluids with well defined densities and
controllable maximum heights. Fluid loads shall include the effects of horizontal sloshing in
accordance with Section 3.5.4.3 of ASCE 4-98.

Technical Rationale-Sioshing shall also be included in addition to normal fluid loads in
accordance with Section 3.5.4.3 in accordance with ASCE 4-98.

4.2.2.3.12 Operating Pipe Reactions, R.

Criteria-Operating pipe reactions include piping reactions during normal, operating, and
shutdown conditions.

Technical Rationale-Standard engineering practice.

Project Design Criteria Document
WDCIFora1

55 March 2003



000-3DR-MGRO-OO100000-01

4.2.23.13 Precipitation Levels

Criteria-Design-basis precipitation provided in Section 6.1.1.1.

Technical Rationale-Sce Section 6.1.1.1.

4.2.2.3.14 Settlement

Criteria-Buildings and structures shall be designed for the total and differential foundation
settlements, resulting from the combined static and dynamic loads. The dynamic settlement is
due to dissipation of pore pressure and/or redistribution of soil stresses from the effects of a
design basis earthquake.

Technical Rationale-Standard engineering practice.

4.2.23.15 Flood Load (F.)

Crteria-The structures shall be designed for the flooding and wave action consequences
associated with flooding events identified in Preliminary Hydrologic Engineering Studiesfor the
North Portal Pad and Vicnity (BSC 2002d). Loads resulting from flooding and wave action
shall be considered to meet criteria of Chapter 4 of DOE-STD-1020-02.

Technical Rationale-Flooding and wave action as identified in BSC 2002d shall meet criteria
listed in Chapter 4 of DOE-STD-1020-02.

4.2.2.3.16 Construction Loads on Steel Deck and Framing Supporting Concrete Slabs

Critera

Steel Deck

Steel deck supporting wet concrete shall be designed for the weight of concrete plus 50 psf
uniformly distributed load.

Structural Steel Framing

Steel fiaming supporting steel deck shall be designed for the following load cases:

* The weight of wet concrete plus a 50 pounds per square foot (psf) uniformly distributed
load. A note shall be added to the design drawings stating that no rigging shall be
permitted from the steel framing during placement of concrete until the concrete has
attained its full design strength.

* A 5,000 lb. concentrated load placed anywhere on the span to maximize moment and
shear. The concentrated load is not cumulative and shall not be carried to columns.

TechnicalRationale-Construction loads are values used in good engineering practice.
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4.2.23.17 Drop Load

Criteria-Drop loads shall be treated as live loads with impact. Postulated dropped loads will be
evaluated for local damage (for example, penetration, perforation and spalling of a concrete slab)
as well as for structural integrity. The acceptability of damage due to the dropped load will be
evaluated by the Integrated Safety Management Process (for example, penetration may be
acceptable but perforation may not be acceptable due to loss of confinement). The drop load
evaluation will be based on the Linderman, RB.; Rotz, J.V.; and Yeh, G.C.K. 1974. Design of
Structures for Missile Impact. BC-TOP-9A, Rev. 2. San Francisco, California: Bechtel Power
or other similar applicable reference guides.

Technical Rationale-Design of Structures for Missile Impact, provides guidance on drop load
evaluations.

4.2.2.4 Structural Design Criteria for Structures that are Important to Safety (ITS)

The following design criteria are applicable for ITS structures.

42.2.4.1 Reinforced Concrete Design

Criteria-Reinfrced concrete structures shall be designed for FC-1 and FC-1A seismic levels in
accordance with Strength Design Method of ACI 349-01 for load combinations and acceptance
criteria shown in Section 4.2.2.4.4.

The reinforced concrete structures shall be designed or evaluated (based on Quality Level and
dose consequences (to be provided later)) for FC-2 seismic levels in accordance with
ACI 349-01 to assess the overall structural performance for demonstration that building safety is
not impaired with limited inelastic behavior. The Seismic Margin Assessment (SMA)
methodology shown in Appendix A of ASCE 4-98 can be utilized for evaluation of reinforced
concrete structures for FC-2 seismic levels. Detail seismic design strategy for preclosure SSCs
will be provided later.

Technical Rationale-ACI 349-01 is the code for safety-related concrete structures. Therefore, it
will be used for concrete SSCs ITS. SMA methodology in Appendix A of ASCE 4-8 is
applicable for concrete structures evaluated for limited inelastic behavior at FC-2 seismic levels.

4.2.2.4.2 Structural Steel Design

Criteria-Steel structures shall be designed for FC-1 and FC-lA seismic levels in accordance
with ANSI/AISC N690-1994, American National Standard Specification for the Design,
Fabrication, and Erection of Steel Safety-Related Structures for Nuclear Facilities, for load
combinations and acceptance criteria shown in Section 4.2.2.4.4. Proportioning and detailing for
seismic loads shall meet the additional requirements of Part m of AISC 1997.

The steel structures shall be designed or evaluated (based on Quality Level and dose
consequences (to be provided later)) for FC-2 seismic levels in accordance with ANSl/AISC
N690-1994 to assess the overall structural performance for demonstration that building safety is
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not impaired with limited inelastic behavior. The SMA methodology shown in Appendix A of
ASCE 4-98 can be utilized for evaluation of steel structures for FC-2 seismic level.

Technical Rationaie-ANSVTAISC N690-1994 is the code for afety-related steel structures.
Therefore, it will be used for steel SSCs ITS. SMA methodology in Appendix A of ASCE 4-8 is
applicable for steel structures evaluated for limited inelastic behavior at FC-2 seismic levels.

4.2.2.43 Masonry Design

Criteria-Use of masonry shall not be permitted for important to safety structures.

Technical Rationale-Construction difficulties make it difficult to get desired strength in
masonry SSCs.

4.2.2.4A Load Factors, Load Combinations, and Acceptance Criteria

Criteria

Notations

D = DeadLoad

L - Live Load

I, = Roof Live Load

SN = Snow Load

E Earthquake (Seismic) Load resulting fiom FC-1, FC-IA or FC-2 seismic level
definition (corresponding to E. of Section 9.2 of ACI 349-01 and E.s of Table Q
1.5.7.1 of ANSVTAISC N690-1994.

H = Lateral Earth Pressure Load

T. - Thermal Loads during Accident Condition

To - Thermal Loads during Normal Operating Conditions

F = FluidLoad

F' = Buoyant Force of Design Basis Flood

Ro = Operating Pipe Reaction Load

S = Allowable Stress per Allowable Stress Design Method

U = Required Strength per Strngth Design Method

W - Wind Load

Project Design Criteria Docemnt
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Wt = Tornado Load (This includes effects from tornado wind pressure, tornado-created
differential pressure, and tomado-generated missiles.)

Ye= Missile impact equivalent static load on structure generated by drop load and including
appropriate dynamic load factor to account for dynamic nature of the load. (In
determining an appropriate static load for Y.,, elasto-plastic behavior may be assumed
with appropriate ductility ratios, provided excessive deflection will not result in loss of
function of any SSCs important to safety).

In the load combinations provided in Section 4.2.2.4.4, the following conditions shall be
considered:

A. Where the structural effects of differential settlement, creep, or shrinkage may be
significant, they shall be included with the dead load D in all the load combinations.
Estimation of these effects shall be based on a realistic assessment of such effects
occurring in service.

B. Where any load reduces the effect of other loads, the corresponding coefficient for that
load shall be taken as 0.9 if it can be demonstrated that the load is always present or
occurs simultaneously with other loads. Otherwise, the coefficient for that load shall
be taken as zero.

C. In the load combinations that include Y., appropriate dynamic load factor should be
used unless a time-history analysis is performed to justify otherwise.

D. In the load combinations that include Wt or Y,, the corresponding acceptance limits
(U, 1.6S or 1.7S) should be satisfied first without tornado missile load of W or
without Y.. When considering these concentrated missile loads, local section strength
capabilities may be exceeded provided there will be no loss of function of any SSCs
important to safety system.

Technical Rationale-Definitions given are standard structural definitions. Conditions listed are
to be used with load combinations are good engineering practice.

Criteria-Reinforced Concrete Design Load Combinations-The following load combinations
are based on Section 9.2 of ACI 349-01 and Paragraphs 11.3.b.(ii) and l5..a of Section 3.8.4 of
NUREG-0800 (NRC 1987).

1. U - 1.4D+1.7L+ l.7L,+l.4F+l.7H+l.7R0
2. U = 1.4D+1.7L+ 1.7SN+1.4F+1.7H+1.7R0
3. U = 1.4D+1.7L+ .7L4+l.4F+l.7H+l.7R 0+1.7W
4. U = 1.4D+1.7L+ 1.7SN+1.4F+1.7H+1.7R 0+1.7W
5. U = .05D+1.3L+ .3Lr+1.05F+l.3H+1.05To+l.3R,
6. U - 1.05D+1.3L+ 1.3Sx+l.05F+l.3H+1.05T 0+l.3R0
7. U = 1.051)+1.3L+ 1.3L,+1.05F+1.3H+1.3W+1.05To+1.3RO
S. U = 1.05Dt+1.3L+ 1.3SN+1.05F+1.3H+1.3W+1.05T 0+1.3R.
9. U = D+L+L4+F+H+T+R,+E
10. U = +L+L+F+H+To+Ro+Wt
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11. U = D+L+SN+F+H+To+Ro+E
12. U = D+L+L+F+H+T,+R
13. U - D+L+SN+F+H+Ta+Ro
14. U = D+L+LT+F+H+Ta+Ro+E+Ym
15. U = D+L+L4+F+H+T+R+Wt
16. U = D+L+S#+F+H+T&+Ro+E+Ym
17. U = D+L+SN+F+H+Ta+Ro+Wt

Technical Rationale-The design load combinations listed for reinforced concrete are based in
Section 9.2 of ACI 349-01 and Paragraphs I.3.b.(i) and lI.S.a of Section 3.8.4 of NUREG-0800
(NRC 1987). These are to be used for SSCs ITS.

Crteriatructural Steel Design Load Comblnations-The following load combinations are
based on Table Q1.5.7.1 of ANSI/AISC N690-1994 and Paragraphs Il.3.c.i(a), .3.c.ii(a), and
11.5h of Section 3.8A ofNUREG-0800 (NRC 1987).

1. S = D+L+Lr
2. S = D+L+SN
3. S = D+L+ L+Ro+To
4. S = D+L+ SN+RO+TO
5. S = D+L+L4+W
6. S = D+L+SN+W
7. S = D+L+4+W+Ro+T,
8. S = D+L+SN+W+Ro+T,
9. 1.6 S = D+L+ Lr+Re+To+E
10. 1.6 S = D+L+ SN+Ro+To+E
11. 1.6 S = D+L+ Lr+Ro+To+Wt
12. 1.6 S - D+L+ SN+Ro+To+Wt
13. 1.6 S = D+L+ L,+Ta+Ro
14. 1.6 S D+L+ Su+Ta+Ro
15. 1.7 S = D+L+ Lr+Ta+Ro+E+Ym
16. 1.7 S = D+L+ SN+T,+Ro+E+Yni
17. 1.7 S = D+L+ L+Ta+Ro+Wt
18. 1.7 S = D+L+ SN+Ta+Ro+Wt

In load combinations 9 through 18, the stress limit in shear shall not exceed 1.4S in
members and bolts.

Technical Rationale-The design load combinations for structural steel are based on
Table Q1.5.7.1 of ANSIAISC N690-1994 and Paragraphs I.3.c.i(a), II.3.c.ii(a), and Il.5.b of
Section 3.8.4 of NUREG-0800 (NRC 1987). These are to be used for SSCs ITS.
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4.2.2A.5 Stability Criteria for Structures that are Important to Safety (ITS)

Criteria-Structures that are TS shall be evaluated to demonstrate that the buildings are
adequately stable against sliding and overturning effects for the following load combinations:

Load Combination

D+H+W
D+H+E
D+H+Wt

Stability against overturning due to seismic forces shall be evaluated by the "energy approach"
(i.e., the factor of safety against overturning shall be calculated as the ratio of potential energy
required to cause overturning about one edge of the structure to the maximum dnetic energy in
the structure due to the earthquake).

The effect of building sliding due to seismic forces shall be evaluated by the use of "non-linear
time-history' approach to demonstrate that any potential building displacements are
inconsequential to the structural integrity of the building. However, the commodities (piping,
electrical cable, etc.) attached to the building shall be so designed that the commodities shall
have adequate factor of safety to withstand the results from the bridge displacements.

Technical Rationale-The listed load combinations for evaluating sliding and overturning are
from NUREG-0800 (NRC 1987), Standard Review Plan, Section 3.8.5. Resistance against
overturning shall be evaluated by "energy approach," and the effect of building sliding shall be
evaluated by the use of "non-linear time history."

4.2.2A.6 Deflection Limits

Criteria

Reinforced Concrete Members

Deflections in reinforced concrete members shall be computed based on cracked section
properties. Control of deflections in reinforced concrete members shall be in accordance
with Section 9.5 of ACI 349-01.

Structural Steel Members

The deflection requirements shall be in accordance with Section Ql.13 and Comments
CQ1.13 of ANSI/AISC N690-1994.

Crane Runway Support Beams and Monorails

The following requirements are used:

• Maximum vertical deflection (loads without impact) - L,/600 (CMAA 70-2000)
* Maximum lateral deflection = L,/400 (CMAA 70-2000).
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Steel Deck

The live load deflection shall not exceed (to be provided later).

Technical Rationale-Control of deflections in reinforced concrete members is in accordance
with ACI 349-01, while the deflection requirements for structural steel members are in
accordance with ANSI/AISC N690-1994. Crane runway deflection is in accordance with
CMAA 70-2000.

4.2.2A.7 Anchorage

Criteia-Anchorage Rods and Concrete Expansion Anchors

Anchorage design for important to safety SSCs shall meet the following:

* Design of anchor rods shall be in accordance with ACI 349-01, Appendix B, Steel
Embedments.

* Allowable design capacities of concrete expansion anchors shall be based on the
manufacturers' recommendations and shall include a minimum factor of safety of 4 of
the mean ultimate capacity. The manufacturers' test data shall be current and shall be
approved and published by the International Conference of Building Officials (ICBO).

Technical Rationae-Design of anchor rods for SSCs ITS shall be in accordance with
ACI 349-01. Expansion anchors for SSCs ITS shall have test data approved and published by
ICBO.

4.2.2A.8 Story Drift

Criteia-Story drift for important to safety structures shall be as follows:

* Story drift shall be calculated from a dynamic, elastic analysis.

* Calculated drift shall include translational as well as torsional deflections.

* Calculated story drift shall not exceed 0.01 times the story height for structures with
contribution to distortion from both shear and flexure. For structures in which shear
distortion is the primary contributor to drift, the calculated story drift shall not exceed
0.004 times the story height.

Technical RationaleStory drift limitations for structures ITS conforms to good engineering
practice.
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42.2.4.9 Foundation Design

Crteria-The foundation design for important to safety structures shall meet the requirements of
NUREG-0800 (NRC 87), Section 3.8.5.

Technical Rationale-The foundation design for TS structures shall meet the requirements of
NUREG-0800 (NRC 1987), Section 3.8.5.

4.2.2.5 Structural Design Criteria for Conventional Quality Structures

The following design criteria for the conventional quality structures are applicable for seismic
use groups listed in ICC 2000 (BC).

4.2.2.5.1 Reinforced Concrete Design

Criteria-Reinforced concrete structures shall be designed in accordance with
ACI 318-02/318R-02.

Technical Ratonale-ACI 318-02/31 SR-02 is standard engineering code for reinforced concrete
conventional structures.

4.2.2.5.2 Structural Steel Design

Criteria-Steel structures shall be designed in accordance with the following:

* Allowable Stress Design Method utilizing AISC 1997.
* Detailing for seismic loads shall meet the additional requirements of Table 4.2.2-4.

Technical Ratonale-AISC 1997 Allowable Stress Design Method is widely accepted for
structural steel design as is detailing requirements as listed in ICC 2000 (IBC).

4.2.2.53 Masonry Design

Criteria-Masonry shall be designed in accordance with ICC 2000 (IBC).

Technical Raionale-Masonry is acceptable for conventional structures. Using the International
Building Code is good engineering practice.

4.2.2.5.4 Load Factors, Load Combinations, and Acceptance Criteria

Criteria-Notations

D = Dead Load
L = Live Load
L= RoofLive Load
SN = Snow Load
E = Earthquake (Seismic) Load
H = Lateral Earth Pressure Load
T. = Thermal Force
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F = Fluid Load
S = Allowable Stress per Allowable Stress Design Method
U Required Strength per Strength Design Method
W = Wind Load

In the load combinations provided in Sections 4.2.2.5.4.1, 4.2.2.5.4.2, and 4.2.2.5.4.3 the
following load conditions shall be considered:

A. Where the structural effects of differential settlement, creep, or shrinkage may be
significant, they shall be included with the dead load D in all the load combinations.
Estimation of these effects shall be based on a realistic assessment of such effects
occurring in service.

B. Where any load reduces the effect of other loads, the corresponding coefficient for that
load shall be taken as 0.9 if it can be demonstrated that the load is always present or
occurs simultaneously with other loads. Otherwise, the coefficient for that load shall
be taken as zero.

Technical Rationale-Definitions given are standard structural definitions. Conditions listed ar
to be used with load combinations, which are good engineering practice.

4.2.2.5.4.1 Reinforced Concrete Design Load Combinations

Criferia-The following load combinations are based on Section 9.2 of ACI 318-02/318R-02 and
Section 1605.2.1 of ICC 2000 (BC):

1. U= 1.4(D+F)
2. U = 1.2(D+F+T) + 1.6(L+H) + 0.5L or SN)

*3. U = 1.2D + 1.6(L, or SN) + (.0L or 0.8W)
4. U = 1.2D + 1.6W + L.OL + 0.5(L or SN)
5. U = 1.2D + .OE + L.OL + 0 2 SN
6. U = 0.9D + 1.6W + 16H
7. U = 0.9D + L.OE + 1.6H

Notes: (a) The load factor on L in load combinations 3, 4, and 5 above shall be permitted
to be reduced to 0.5 except for garages, areas occupied as places of public
assembly, and all areas where L is greater than 100 bs/ft2.

(2) The load factor for H shall be zero in load combinations 6 and 7 if structural
actions due to H counteracts that due to W or E. Where lateral earth pressure
provides resistance to structural actions from other forces, it shall not be
included in H but shall be included in the design resistance.

Technical Rationale-The design load combinations listed for reinforced concrete are based on
ACI318-02/318R-02 and Section 1605.2.1 of ICC2000 (IBC). These are to be used for
conventional SSCs.
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4.2.2.5A2 Structural Steel Design Load Combinations

Criteria-The following load combinations are based on ICC 2000 (BC), Section 1605.3.2:

1. S =D+L+L,
2. S = D+L+SN
3. S = 0.75(D+L+1.3W)
4. S = 0.75(D+L+Sw2+1.3W)
5. S = 0.75(D+L+SN+0.65W)
6. S = 0.75(D+L+SN+E/1 A)
7. S = 0.75(0.9D+E/I .4)

Exception: Crane hook loads need not be combined with roof live load or with more than
three-fourths of the snow load or one-half of the wind load.

Note: For anchorages against overturning, uplift, and sliding, where portions of resistance
is provided by dead load, only 2/3 of minimum dead load likely to be in place
during design wind event shall be used.

Technical Rationale-The design loads combinations listed for structural steel are based on
ICC 2000 (IBC), Section 1605.3.2. These are to be used for conventional SSCs.

4.2.2.5A.3 Masonry Design Load Combinations

Criteria-The load combinations and acceptance criteria for masonry design shall be in
accordance with Chapter 21 of ICC 2000 (IBC).

Technical Rationale-This is good engineering practice.

4.2.2.5.5 Stability Criteria for Conventional Quality Structures

Criteria-Conventional quality structures shall be evaluated to demonstrate that the buildings are
adequately stable against sliding and overturning effects for the following load combinations:

Load Combination

D+H+W
D+H+EIE1.4

Technical Rationale-The load combinations listed conform to good engineering
practice.
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4.2.2.5.6 Deflection Limits

Criteria

* Reinforced Concrete Members

Control of deflections in reinforced concrete members shall be in accordance with
Section 9.5 of ACI 318-021318R-02.

* Structural Steel Members

The deflection requirements shall be in accordance with Section 12 and commentary
Section L3 of AISC 1989.

* Crane Runway Support Beams and Monorails

The allowable deflection of runway support beams and monorails shall be in accordance
with the requirements of Section 4.2.2.4.6 of this criteria.

* Steel Deck

The allowable live load deflection of steel deck shall be in accordance with the
requirements of Section 4.2.2A.6 of this criteria.

Technical Rationale-Deflection limits for reinforced concrete members are in accordance with
Section 9.5 of ACI 318-02/318R-02. For structural steel members the deflection limits are in
accordance with Section 12 and commentary Section 12 of AISC 1989. For crane runways and
steel deck the deflection limits are the same for conventional SSCs as for SSCs ITS.

4.2.2.5.7 Anchorage

Crteria-Anchorage design of PC-2 and PC-I SSCs shall meet the following:

* Design of anchor rods shall be in accordance with Cook, RA. 1999, Strength Design of
Anchorage to Concrete. Portland Cement Association (Cook 1999).

* Allowable design capacities of concrete expansion anchors shall be based on the
manufacturers' recommendations. The manufacturers' test data shall be current and
shall be approved by the ICBO.

Anchorage of Conventional Quality Concrete and Masonry Walls:

* The anchorage of the walls shall be capable of resisting the largest of the horizontal
forces specified in Sections 1604.8.2 and 1620.2.0 of the ICC 2000 (IBC). Walls shall
be designed to resist bending between anchors where the anchor spacing exceeds four L
Anchors in masonry walls of hollow units or cavity walls shall be embedded in a
reinforced grouted structural element of the wall.
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Technical Rationale-Design of anchor rods is in accordance with Cook, R.A 1999, which
conforms to good engineering practice. Anchorage of walls are based on the largest of forces
specified in Sections 1604.8.2 and 1620.2.0 of the ICC 2000 (EBC).

4.2.2.5.8 Story Drift

Criteria-Story drift for PC-2 and PC-I structures shall be based on the provisions of
Section 1617.3 of the ICC 2000 (IBC).

Technical Rationale-Story drift for conventional structures conform to Section 1617.3 of
ICC 2000 (IBC), which is good engineering practice.

4.2.2.5.9 Foundation Design

Criteria-Foundation design for the PC-2 and PC-I structures shall be in accordance with
Chapter 18 of the ICC 2000 (IBC).

Technical Rationale-Foundation design for conventional SSCs shall be in accordance with
Chapter 18 of ICC 2000 (IBC).

4.2.2.6 Materials

4.2.2.6.1 Structural Steel

Criteria-Structural steel material designation is identified in Table 4.2.2-5.

Technical Ratonale-Structural steel material as identified in Table 4.2.2-5 conforms to what is
considered as good engineering pracice.

Table 4.2.2-5. Structural Steel Material Designation

Sectlon(s) AST | Fdksl) F,,(ksl)
W-shapes A992/A 992M.02 50 65
M-shapes A361A 36M-01 36 58
S-shapes A361A 36M-01 36 58
HP-shapes A361A 36M-01 36 58
Channels A36/A 36M-01 36 58
Agles A361A 36M-01 36 58
Structural Plate A361A 36M-01 36 58
Structural Toes (per source of split s ction)
Steel Pipe A531A 53M-01 35 60
Round HSS A500-01a Grade B 42 58
Square & Rectangular HSS A50O-Ola Grade B 46 58
Anchor Rods F1554-99 3655 -58/75
Welded Studs Al08-99 
Steel Deck (Galvanized) A6531A 653M-Ola 33
Stainless Steel Plates . .
' To be added later
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4.2.2.6.2 Concrete and Reinforcing

Criteria

* Concrete: Compressive Strength, f't 4000 psi, minimum.

* Reinforcing Steel shall comply with ASTM A706/A706M-O1, Specification for
Low-Alloy Steel Deformed and Plain Bars for Concrete Reinforcement.
ASTM A 615/A615M-Olb, Standard Specification for Deformed and Plain Billet-Steel
Bars for Concrete Reinforcement, Grade 60 reinforcement shall be permitted if:

A. The actual yield strength based on mill tests does not exceed the specified yield
strength by more than 18,000 psi (retests shall not exceed this value by more than an
additional 3,000 psi).

B. The ratio of the actual ultimate tensile strength to the actual tensile yield strength is
not less than 1.25.

* Welded Wire Fabric: ASTM A185-01, Standard Specification for Steel Welded Wire
Fabric, Plain for Concrete Reinforcement.

Technical Rationale-Compressive strength specified is reasonable for the area of use. Either
ASTM A706IA706M-01 or ASTM A615/A61SM-Olb may be used for reinforcing steel
providing ASTMA A615 meets the requirements stated for ductility.

4.2.2.6.3 Masonry

Criteria-All masonry shall be composed of grouted hollow concrete units and shall have a
minimum compressive strength, f, ,, of 1,500 psi. The minimum compressive strength shal be
reduced by 50 percent, unless special inspection requirenents are specified for the construction
of masonry elements.

Technical Ratonae-Requirements given conform to good engineering practice.

4.2.2.6.4 Structural Bolting Materials

Criteria-Structural bolting shall be limited to the following:

* ASTM A325-02, Standard Specification for Structural Bolts, Steel, Heat Treated
120/105 bsi Minimum Tensile Strength with standard tat has been identified and is
being procured.

* ASTM A490-02, Standard Specification for Structural Bolts, Alloy Steel Heat-Treated,
150 ksi Minimum Tensile Strength with standard that has been identified and is being
procured.
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Structural connections shall be Bearing Type connections except where Slip Critical connections
are essential (such as load reversal). Sizes for structural bolting material should be limited to
7/8-inch diameter for all ASTM A325-02 bolts or 1-1/8-inch diameter for ASTM A490-02 bolts.

Bolting of members that are not considered to be part of the main building structure (i.e., stair or
platform connections) may utilize ASTM A307-00, Standard Specfication for Carbon Steel
Bolts and Studs, 60,000 PSI Tensile Strength, bolts. The maximum size of ASTM A307-00 bolts
shall be '/4-inch diameter.

Technical Rationale-Either ASTM A325-02 or ASTM A490-02 bolts may be used for structural
steel connections depending on the size of the forces being resisted. Limiting the size for each
negates the possibility of using the wrong strength bolt in any connection. ASTM A307-00 bolts
are sufficient for the application given.

4.2.2.6.5 Welding Material

Criteria-Welding electrodes shall be E70XX (AWS Dl./DI.lM-2002).

Technical Rationale-The welding electrodes specified are commonly used in steel construction.

4.2.2.6.6 Structural Analysis/Design Material Properties

Criteria-The following values are to be used in analysis of steel and concrete structures:

Steel: Modulus of Elasticity E =29 x 106 psi
Poisson's Ratio v 0.3

Concrete (4000 psi): Modulus of Elasticity E = 3.834 x 106 psi (see note)
Poisson's Ratio v = 0.17

NOTE: In lieu of the above value for E, the modulus of elasticity for concrete may be
determined in accordance with Section 8.5 of ACI 318-02/318R-02.

For purpose of design calculations, the following material density values shall be used:

Concrete: 150 pounds per cubic fR (pcf)
Steel: 490 pcf

Technical Rationale-The values given for steel and concrete are commonly used in engineering
practice.

4.2.2.6.7 Geotechnical Design Parameters and Foundation Design Recommendations

Criteria-Geotechnical Design Parameters

The geotechnical design parameters provided below in Table 4.2.2-6 and Table 4.2.2-7 will
be provided later.
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Table 4.2.2-6. Summary of Static Modulus Values*

Constant of vertical
Mean Horizontal Coefficient of Modulus of

Moist Friction Elastic Subgrade Subgrade Subgrade
Density Angle Modulus Reaction (n.) Reaction Reaction (K)

Material (pc n (degree) (E) (ksQ j( (pc,) (pd) (pcQ)
Muck
Engineered Fill
pci - pounds per cubic Inch
*To be provided later

Table 422-7. Summary of Friction and Lateral Earth Pressure Coefficients'

Mean Mean Mean
Mean Active At-Rest Passive

Friction Mean Earth Earth Earth
Moist Angle Friction Recomrnonded Pressure Pressure Pressure

Density (dore) Coefficient Design Friction Coefficient Coefficient Coefficient
Material (wf) () (a) Coefficient(8) J Pt) K) (KD)

Muck
Engineered
Fill be proide later
'To be provided later

Foundation Design Recommendations

To be provided in a later revision.
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4.2.3 Architectural Design Criteria

4.2.3.1 Architectural Codes and Standards

. ~~~~~~~~~~Applicable CdestStandards', Regulatory Guldes RGs)", Code
Applicable Discipline Project SSCs of Federa! Regulations (CFRs), NUREGsO DOE Directives.

ANSUASHRAE/iESNA 91-2001, ANSMFPA 220 1992, ASTI E
84-98, ICC 200(14C), ICCIANSI Al17.1-1998 FMGlobal 2001.
ICC 2000 (IPC), NFPA 10-200 NPA 101-2000 NFPA 01-98.

CvlvStructurall Architectural None
Architectural 29 CFR 1910 28 CFR 36

None
DOE-STD-1066-9

Technical Rationale:
These codes and standards support compliance with requirements of Project Requirements Document (Cuny
and Loros, 2002) such as PRD4W2T 004 (Information relative to codes and standards that DOE proposes to
apply to the design and construction of GROA as required by 10 CFR 63.21 (c)(2)) PRD022 and Waste
Processng Area Fecilites System Description Document (BSC 2002e). Determination of applicable secdions of
these codes and standards wil be determined during the design process and h development of design
products.

2 None
3 Addressing Code of Federal Regulatons supports compliance with requirements In Waste Processing Area

Facities System Descripton Document (BSC 2002e) and PRD-OISIP-015. PRD-015/P-020 PRD-0151P-021
and PRD -005.

4 None
5 Addressing the DOE Standard supports compliance with requirements of PRD.0181P019. Determination of

applicable sections of this DOE Standard will be determined during the design process and In development of
design products.

Revised QA classification presently not available. The applicable QA classification will be provided when the
revised 0-Ust is available.

4.2.3.2 North Portal Facilities

4.2.3.2.1 Main Facilities In the North Portal

The main North Portal facilities are comprised of the following:

A. Dy Transfer Facility 1

This is a reinforced concrete structure with steel superstructure that is required for the
following functions:

* Handling wastes to transfer from shipping casks to waste packages

* Finishing waste packages for emplacement.

B. Dry Transfer Facility 2

This is a reinforced concrete building that is required for the following functions:

* Handling wastes to transfer from shipping casks to waste packages
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* Finishing waste packages for emplacement.

C. Remediation Building

This is a reinforced concrete waste transfer facility that is required for the following
functions:

* Support processing off-normal fuel and interim storing assemblies that are too hot
for dry storage.

D. Low-Level Waste Building

Information to be provided later.

E. Transporter Receipt Building

This is a sheet metal clad building over a structural steel framework. The function of
this building is for:

a Receipt of spent nuclear fuel casks from various offsite sources
* Remove impact limiters
* Rotate shipping cask from horizontal shipping position to vertical orientation.

F. Disposal Container Preparation Building

This is a sheet metal clad building over a structural steel framework. The function of
this building is for:

* Preparing the storage casks for receiving spent nuclear fuel.

G. Surface Aging Facility

Information to be supplied later.

H. Heavy Equipment Maintenance Facility

Information supplied later.

I. Switchgear Building

Information supplied later.

J. Central Warehouse

Information supplied later.

K Central Crafts Shop

Information supplied later.
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4.2.3.22 Balance of Plant Facilities

A. Site Access Control Facility

The Access Control Facility provides space for security personnel and equipment
needed to control the main gate and monitor traffic entering and exiting the MGR
facilities. The building will be a prefabricated modular facility.

B. Emergency Operations Center

To be supplied later by ES&H

C. Administration Building

* The Administration Building is an office building housing the daily engineering,
operations management and administrative activities of the MGR project.

* The building shall be multi-story steel fiame structure with tilt-up concrete panels
or precast concrete panels for the exterior walls, with an insulated metal roof rated
R-24 or approved equal over "Z" purlins. The building shall bave an "industrial
image" that is consistent with the overall MGR site image.

D. Motor Pool/Vehicle Maintenance Building

Information to be supplied later.

E. Refueling Station

Infonnation to be supplied later.

F. Warehouse

Information to be supplied later.

G. Craft Repair Shop

Information to be supplied later.

H. Equipment Repair Shop

Information to be supplied later.

4.2.3.3 Criteria for Design of Architectural Works

4.2.3.3.1 General Considerations

Criteria-Design and construction of the surface facilities for MGR shall incorporate standard
materials and practices appropriate for the specific building type facilitating a 50-year
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operational design life. The design shall be defensible in terms of scope, cost, and appearance.
Appropriate defensible design is:

* Well planned
* Effective in function
* Simple in form
* Cost-effective
* Constructable
* Adaptable and durable over time
* Clean in appearance
* Maintainable.

A. Architectural Design Philosophy

Design of the facilities shall reflect design characteristics developed for the MGR
project complex. Facilities shall be a neutral color that will minimize the visual or
aesthetic impact on the surrounding environment. Design elements (coordinating
facilities within the complex ) shall be incorporated in the design of all structures.
These elements include:

Exterior Materials

Exterior materials on the facilities shall include variations of material types such as
precast concrete, reinforced cast-in-place concrete, concrete masonry units or metal
siding per ICC 2000 (IBC).

Roofing

Roofing for facilities without parapets shall be metal with double slope and center
ridge, I inch per foot slope per ICC 2000 (BC), light gray in color, old town gray or
approved equal unless otherwise noted. All roofs shall incorporate fall protection tie
off points

Exterior scupper and downspouts shall be in a color (to be supplied later) or approved
equal.

Interior Finishes and Wall lTpes

Selection of interior finishes and wall types shall provide for durable, easily cleaned
surfaces. Finish types and colors shall be standardized throughout the project facilities
depending on specific area function. Determination of wall types shall be based on
fire protection requirements, function, durability, shielding, and other factors.

Component features of these elements including color, profile, design, and textures
shall be similar throughout the project complex.

Selection of material products, product salient features, sizes, and manufacturers
(where necessary) shall be consistent for ease of procurement and maintenance. Of
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particular importance are siding systems, roofing systems, interior finish materials,
doors and hardware or keying, signage, elevators platforms, handrails, and plumbing
fixtures. Durable materials shall be selected for those interior and exterior areas
subject to equipment movements and operations of potential impact.

B. Occupant Load

Building occupant loads for determination of egress shall be based on
NFPA 101-2000. See Section 4.8.1.12.

Occupancy loads shall be based on actual operational staffing levels for the Storage
and Special Purpose Industrial Facilities. Fixture counts for all other facilities shall be
based on the occupant load as detennined by their respective occupancy type defined
in the ICC 2000 (IBC).

C. Codes and Standards

The facilities shall be designed in accordance with Industry Codes and Standards
referenced in Section 4.2.3.1.

Provisions for egress are described in Section 4.8.1.12. Standards governing
non-egress requirements shall be in accordance with 29 CFR 1910, Occupational
Safety and Health Administration (OSHA) (Subpart D).

Technical Rationale-Architectural Design Philosophy represents general good practice in
approaching architectural features for types of buildings to be constructed on this site.
Occupancy loads for determination of life safety means of egress are based on pertinent sections
of NFPA 101-2000. Occupancy loads for determining plumbing fixture counts shall use
applicable sections of either ICC 2000 (IPC) or ICC 2000 (IBC) as required. Provisions for
egress shall be as stated in NFPA 101-2000 and DOE Standard 1066-99. Non-egress
requirements shall be in accordance with 29 CFR 1910.

4.23.3.2 Types of Occupancy and Construction

Criteria-The MGR facilities shall be designed based on occupancy and construction types
identified in the ICC 2000 (IBC).

A. International Building Code Occupancies

Occupancies for building design are based on the requirements of the ICC 2000 ([BC),
Chapter 3, "Use and Occupancy Classification." The code analyses indicated in this
section will be issued at a later date.

International Building Code occupancy types determined for each facility are listed
below.

North Portal Facilities IBC Occupancy Type

Dry Transfer Facility 1 Group F-2
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North Portal Facilities IC Occupancy Tve

Dry Transfer Facility 2 Group F-2
Remediation Building Group F-2

Low-Level Waste Building Group F-2
Group S-2

Transporter Receipt Building Group F-2
Disposal Container Preparation Building Group F-2
Heavy Equipment Maintenance Facility Group S-2
Switchgear Building Group F-2

Central Warehouse Group S-i, S-2

Central Crats Shop Group BGroup S-i, S-2
Site Access Control Building Group B
Medical/Emergency/Security Group B
Administration Building Group B
Motor Pool/Vehicle Maintenance Group S-1
Building
Other Facilities

B. Life Safety Code Occupancies

Occupancies for determination of life safety fire egress requirements shall be based on
the classifications defined in NFPA 101-2000, Life Safety Code, Chapter 6,
"Classification of Occupancy and Hazard of Contents." Industrial occupancies are
further classified by NFPA 101, Chapter 40, "Industrial Occupancies," depending on
hazard level and operations.

Specific occupancies are determined by Life Safety Code Analysis prepared for the
MGR facilities. The code analyses to be indicated in this section will be provided at a
later date.

C. Types of Construction

Determination of types of construction used for building design shall be based on the
requirements of the ICC 2000 (IBC), Chapter 5, "General Building Heights and
Areas," and in Table 503, "General Height and Building Area Limitations." Types of
construction used for design of the MGR facilities are further defined in ICC 2000
(lBC) Chapter 6, Types of Construction." Specific building elements requiring
fire-resistive construction per Tables 601 and 602 may be modified by approved
construction equivalencies prepared for the MGR project.

Specific types of construction are determined by individual building code analyses
prepared for the MGR facilities. The code analyses indicated in this section will be
issued at a later date.
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North Portal Facilities IBC Construction Tvpe

Dry Transfer Facility 1
Dry Transfer Facility 2
Remediation Building
Low-Level Waste Building
Transporter Receipt Building
Disposal Container Preparation Building
Aging Pads
Heavy Equipment Maintenance Facility
Switchgear Building

Central Warehouse Type JIB
Central Crafts Shop Type IIB
Balance of Plant Facilities
Site Access Control Building
Emergency Operations Center Type IIB
Administration Building Type IA
Motor Pool/Vehicle Maintenance Type IB
Building
Other Facilities

Information supplied later.

Technical Rationale-The ICC 2000
(IBC) Occupancy Type and the ICC 2000
(IBC) Construction Type are listed by
comparing building fnctions and
building configurations with parameters
as given in ICC 2000 (IBC).

4.2.3.33 Means of Egress

Criteria-Means of egress for all facilities shall comply with the requirements identified in
NFPA 101-2000, Life Safety Code, Chapter 7 or the applicable section for the specific building
occupancy type. This is also discussed in Sections 4.2.3.3.1c, 4.2.3.3.2b and 4.8.1.12.

A maximum travel distance of 75 ft as defined by NFPA 101-2000, Section 7.6.2, shall be
allowed to the next confinement barrier in areas of facilities where accidental breach of a
primary confinement system could expose personnel to radioactive material per DOE
Standard 1066-99. The 75-ft travel distance may be exceeded (based on building occupancy
requirements) in areas not normally occupied by personnel where plant equipment alone is
located.

Stairs and ladders provided for fire egress and equipment access shall be designed to criteria as
included in NFPA 101-2000. Design requirements include all features of stairs, Iadders, and
alternating tread devices such as rise, rm, width, landings, maximum landing obstruction,
guardrails, handrails, and toe boards.
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Technical Rationale-Means of egress comply with requirements of NFPA 101-2000 and DOE
Standard 1066-99. Ladder and stair configurations are referred to Table 1, which also identifies
29 CFR 1910 for requirements.

4.2.3.3.4 Fire Protection

Criteria-Buildings shall be designed in accordance with required fire barriers and
noncombustible or fire-resistive construction materials as described in the fire hazard analysis
and in Section 4.8.1.19.

A. Fire Barriers

Fire barriers are described in Section 4.8.1.19.

B. Interior Finishes

Exposed interior wall and ceiling finish materials and any factory installed facing
material shall have a UL-listed or FM-approved flame spread rating of 25 or less and
smoke developed of 50 or less as tested per standard to be provided later.

Interior finishes in areas processing or storing radioactive materials shall be limited
combustible as required by NFPA 801-98.

Technical Rationale-Fire barriers shall be in conformance with applicable sections of ICC 2000
(IBC), NFPA 101-2000, and NFPA 801-98.

4.23.3.5 Energy Conservation

Criteria-All facilities shall be designed in accordance with the energy conservation requirements
set forth in ANSIVASHRAE/[SNA90.1-2001. Other energy conservation measures shall
include the following items:

* Exterior windows in airs-conditioned buildings shall meet shading coefficient
requirements by means of tinted insulated glass.

* Personnel, equipment, and vehicular exterior access doors in air-conditioned buildings
shall be insulated.

* Exterior openings shall be adequately weather-stripped to minimize air leakage.

* Exterior insulated metal siding walls shall be double caulked to minimize air leakage.

* Vestibules shall be provided at all building entrances of occupied buildings to serve as
airlocks and to maintain positive or negative air pressure as appropriate. Allowable
infiltration and exfiltration shall comply with ANSI/ASHRAEIESNA 90.1-2001, except
where building or process operations require more stringent provisions to maintain
differential pressure.
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Technical Rationale-Good engineering practice are used in addition to
ANSIIASHRAEIIESNA 90.1-2001 requirements to produce the maximum energy conservation.

4.2.3.3.6 Accessibility

Criteria-Ihe Administrative portion of all buildings and adjoining site areas, including parlding
and building access shall be designed to comply with ICClANSIAl17.1-1998 and applicable
provisions of the Americans with Disabilities Act.

Technical Rationale-Accessibility is required for the Administration Building facilities in
accordance with applicable provisions of ICC/ANSI Al 17.1 and Americans with Disabilities
Act.

4.2.3.3.7 Building Envelope

Crteria-Exterior walls shall be composed of cast-in-place concrete, tilt-up concrete panels,
precast concrete, or prefinished metal siding as described below.

* Cast-in-place concrete

- Dry Transfer Facility 1
- Dry Transfer Facility 2
- Remediation Building
- Transporter Receipt Building
- Surface Aging Facility

* Precast Concrete/Tilt-up Concrete Panels

- Disposal Container Preparation Building
- Aging Pads
- Heavy Equipment Maintenance Facility
- Site Access Control Building
- Emergency Operations Center
- Administration Building
- Motor PooWehicle Maintenance Building.

* Prefinished Metal Siding

- Switchgear Building
- Central Warehouse
- Central Crafts Shop
- Low-Level Waste Building

Roof systems shall be prefinished metal or single ply. Metal roofs installed on cast-in-place
concrete facilities shall be standing seam. Roof drainage systems with exterior downspouts and
overflow scuppers shall be provided for all high roofs over 50 ft above grade. All other facility
roofs may be drained by use of exterior scuppers or gutters and downspouts with concrete splash
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blocks. Roof drainage systems shall be sized to accommodate rainfall riteria per
Section 6.1.1.1.

System components including penetrations, flashing, accessories, doors, and windows shall be
sealed for air and water infiltration and fire rated where required. Energy conservation design
and construction shall be provided per Section 4.23.3.5.

Exterior walls shall have fire resistance and opening protection, as required, in accordance with
the ICC 2000 (IBC). These IBC requirements include the requirements given in Tables 601 and
602 in addition to those given in Section 704.

Exterior wall, door, louver assemblies, and exterior roof systems shall be designed to withstand
wind and wind-driven missile design loads as specified in the MGR Structural Design Criteria on
a facility-by-facility basis.

Technical Rational-The building envelopes are configured according to good architectural and
structural practices. They comply with energy conservation and are fire resistant, and resistant to
high wind and wind-driven missiles.

4.2.3.3.8 Decontamination, Deactivation, and Decommissioning

Criteria-Interior finishes in areas used for processing or storing radioactive materials and those
areas having a possibility of radioactive contamination of wall, ceiling, or floor surfaces shall be
non-porous for ease of decontamination per NFPA 801-98, Paragraph 3-8. Special protective
coatings shall be used in potentially contaminated areas not provided with stainless steel
cladding, areas requiring high durability, or liquid containment areas. Coating type and
thickness shall be as determined through analysis on an area-by-area basis.

Technical Rationale-Coating requirements in processing areas or areas where radioactive
materials is stored, are non-porous for ease of decontamination.

4.2.3.3.9 Plumbing Fixtures

Criteria-Minimum quantities of plumbing fixtures provided in restrooms, shower areas, and
office areas shall be in accordance with the ICC 2000 (IPC). Fixtures include restroom
lavatories, water closets, drinking fountains, urinals, showers, service sinks, lunchroom sinks,
and health physics lavatories. Number of occupants used for determination of fixture counts
shall be as identified in Section 4.2.3.3.lB, "Occupant Load," within this criterion.

Technical Rationale-Minimum quantities of plumbing fixtures are based on previously
identified occupancy loads and good engineering practice as provided in ICC 2000 (IBC).

4.23.3.10 Security/Access Control

Criteria-Specialty door hardware, windows, surveillance metal detector at entrance of building,
and other architectural building features required for MGR facility security shall be addressed
and defined during the detailed design phase of the project.
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Technical Rationale-The security access/control design features will be provided.

4.2.3.3.11 Penetrations and Seals

Criteria-Design guide requirements responsibilities for penetrations and seals are described in
Section 4.8.1.19

TechnicalRationale-See Section 4.8.1.19

4.2.3.4 Architectural Material Requirements

4.23A.1 Exterior Walls, Windows, and Louvers

Criteria-Exterior wall and roof system assemblies shall be composed of compatible components
of the same manufacturer, where possible. Exterior windows, glass, and glazing shall be selected
from manufacturers' standard fabrication and sizes. Exterior metal louver size and construction
shall be based on air flow requirements determined by heating, ventilation and air-conditioning
(HVAC) and other criteria identified within this document.

A. Concrete Masonry Units

Concrett-masonry unit exterior wall construction shall be of medium weight standard
block, color, and texture as indicated in Section 4.2.3.3.1A, Architectural Design
Philosophy." Units shall be reinforced, insulated (loose fill insulation), and grout
filled in areas requiring wind-driven missile protection.

B. Composite Metal Wall System

The field-assembled composite metal wall panel system shall be provided in locations
as described in the typical facility description. The components that make up the
composite metal liner panel consist of an exterior metal panel, fiberglass insulation,
and interior metal liner panels. Other related system components include flashin&
sealant, clips, coping, subgirts, fasteners, panel closure, and gaskets. Minimum
R-value for composite wall system shall be R-13.

Exterior panels shall be factory finished, galvanized sheet metal, of color and profiles
indicated in Section 4.2.3.3.1A, "Architectural Design Philosophy."

Interior liner panels shall be factory finished, galvanized sheet metal, 24 inches wide
flat profile panels with 1-1/2 inch "z" shape subgirts similar to Centria L2-3 or
approved equal.

Metal louvers shall be factory finished galvanized sheet metal, 45-degree blades with
center baffles and return bend for weather protection and bird screen..
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C. Metal Sandwich Wall System

The factory-assembled metal sandwich panel system shall be located on all buildings
where noted in the typical facility description. The subcomponents for the metal
sandwich panels are similar to the components found on the composite metal wall
system. The minimum R-value for exterior wall system shall be R-21.

Exterior panels shall be factory finished, 24 gage galvanized sheet metal, of color and
profiles indicated in Section 4.2.3.3.1A, "Architectural Design Philosophy."

Metal louvers shall be factory finished galvanized sheet metal, 45-degree blades with
center baffles and return bend for weather protection and bird screen.

D. Entrance Doors, Glass, Glazing, and Exterior Windows

Entry doors shall have insulated glazing and be tempered where required. Window
frames shall be thermal break fixed. Glazing shall consist of two lites separated by
Winch hennetically sealed dehydrated air space, 4-inch "low F' clear float interior,
and /4-inch tinted exterior similar to PPG "Graylite." Aluminum finish and glazing
tint shall be as indicated in Section4.2.3.3.1A, "Architectural Design Philosophy."
Main entry doors to facilities that are accessible to the public shall be storefront type
aluminum frarnes with clear anodized finish.

Exterior windows shall be aluminum frames with clear anodized finish. Main entry
doors shall be storefront type aluminum fame with clear anodized finish. Window
glazing shall have an exterior lite with a tint similar to PPG "Graylite."

E. Precast Concrete Walls

Information to be provided later.

F. Cast-in-Place Concrete Walls

Information to be provided later.

G. Tilt-up Concrete Panels

Information to be provided later.

Technical Raionale-Architectural material requirements represent good architectural practices
in architectural design and configuration.

4.2.3A.2 Roofing

Criteria-Roof assemblies shall be constructed in accordance with the UL Class B or FM Class I
as indicated in the Guides that have been identified and are being procured. Roof systems shall
use commercial grade materials and consist of compatible components as recommended by the
roof manufacturer. Roof application standards shall comply with the guidelines indicated in
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Manual, which has been identified and is being procured. Roof insulation for all MGR facilities
shall have a minimum resistance value of R-30. Metal roof deck shall comply with FM Class I
or UL Class B requirements. Roof access shall be provided to all process building main roofs
and other roofs with mechanical equipment by means of ladders, hatches, or stairs complying
with OSHA standards. Walkways shall be provided on roofs requiring access and to roof
mounted mechanical equipment.

A. Standing Seam Metal Roof System

Main roofs and other roof areas on process facilities above 50 ft shall be a
mechanically fastened standing seam metal roof system, minimum %-inch per foot
slope. System shall include panels, polyisocyanurate rigid insulation, structural deck
subpurlins, clips, flashing, roof drain pans, sealant, and accessories providing for a
complete system meeting the requirements of this architectural criterion. Roof color
shall be neutral as defined in Section 4.2.3.3.1A, "Architectural Design Philosophy."

Manufactured metal buildings shall have metal roof panels, factory finish.

All other roofs shall be single ply roof systems with metal substructure.

B. Metal Roof System

The metal roofing used on all pre-engineered structures listed in the Balance of
Facilities scope of work, except the Administration and Access Control buildings,
shall consist of roof panels, vinyl scrim fiberglass batt insulation subpurlins, clips,
flashing, closure strips, sealant, drainage scuppers or gutters, downspouts, and other
related accessories.

C. Single Ply Roof System

Roofing systems for all roof areas that are not indicated above shall be single ply
roofing systems. Roof systems include membrane, insulation, vapor barrier, flashing,
expansion joints, pedestals and curbs, mechanical equipment curbs, sealant, drainage
scuppers or gutters, downspouts, and accessories providing for a complete system
meeting the industry standards for roofing applications and the requirements of this
architectural criterion.

Single ply roof system shall be a minimum -inch per foot slope consisting of rigid
board insulation over metal decking and polyester reinforced thermoplastic polyolefin
(TPO) roof ply. Finish color shall be manufacturer's standard gray.

Technical Rationale-The roof systems described represent good architectural practices in
architectural design and configuration.
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4.23A.3 Doors and Hardware

Criteria-Exterior and interior personnel doors and frames, service doors, and vehicle doors will
be provided. Doors for shielding and special doors for operations will be provided by other
disciplines.

Exterior door assemblies and roll-up doors including frame shall be designed to withstand wind
loads as required in Section 4.2.3.3.7, 'Building Envelopes."

Doors and frames for openings in fire-rated barriers shall bear UL and/or FM labels appropriate
for each fire-rated wall opening. Design and installation of fire doors shall meet NFPA standards
identified in Section 4.8.1.

Doors at ventilation zone boundaries shall have appropriate seals. Pressure equalization devices
shall be installed at doors in areas where, under adverse ventilation conditions, normal egress is
impaired.

A. Personnel Doors

Exterior doors shall be 1-3/4-inch insulated hollow metal, flush face; 16 gage
minimum. Exterior door frames shall be hollow metal steel, 14 gage minimum. Doors
shall be provided with lockable entrance hardware, exit or panic hardware where
required; weather-stripping, door sweep, threshold, and closer.

Interior doors in operational areas shall be flush face, 1-3/4-inch hollow metal, 18 gage
minimum. Doors in office or similar support areas may be solid core wood with wood
or laminate veneer. Wire glass vision panels shall be provided where required for
visibility. Door frames shall be hollow metal steel, 16 gage minimum. Doors shall be
provided with appropriate hardware.

B. Service and Vehicular Doors

Interior overhead coiling service doors shall have interlocking slat roll-up type, top
coiling with dust hood, and manual operation. Overhead coiling doors over
100 square ft in area shall be motor operated.

Other overhead coiling service doors and vehicular doors shall be insulated and
weather-stripped sliding, overhead sectional, or vertical lift. Overhead coiling doors
shall be motorized and designed to specific building seismic and wind requirements
identified in Section 4.2.3.3.7, "Building Envelope," and Section 4.2.2, "Structural
Design Criteria

C. Door Hardware

Hardware shall be provided as required for the door function, code, and fire label
requirements. Door hardware shall meet ANSI standard which has been identified and
is being procured, with brushed chrome finish. Locksets and latchsets for all doors
except special doors specified by other disciplines shall have lever handles meeting
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ANSI standard, which is being procured. Locksets to be mortise type with removable
core. Furnish 6 pin tumbler cylinders with Corbin 59C2-6 keyway for each lockset
unless otherwise indicated. Key all locks to match the project master keying system.
Hardware shall be UL approved for fire-rated doors.

Technical Rationale-The doors and frames systems described represent good architectural
practices in architectural design and configuration.

4.2.3A.4 Interior Partition Walls

Criteria-Interior partition walls include non-bearing walls consisting of reinforced concrete,
reinforced concrete masonry unit, or metal stud with gypsum wallboard construction. Steel studs
are C-shaped with punched webs. Walls required for fire barriers shall be UL rated fire-resistive
assemblies including penetration protection as required. The UL code has been identified and is
being procured.

Partition walls shall either be of 12-inch minimum thickness reinforced concrete construction;
8-inches thick minimum reinforced grout filled concrete masonry units (CMU) or gypsum board
on metal studs. Concrete construction shall be used where required for shielding, areas of liquids
or bulk materials, or operational durability. Gypsum board walls shall be metal stud with
5/8-inch Type 'X' gypsum board each side, layered as required for fire rating. Gypsum board
walls along corridors within process areas shall have hardwood material wainscot to a height
needed for moveable equipment protection, 6-foot minimum.

Reinforced concrete masonry unit construction shall be used in bulk materials storage areas and
as needed for operational durability.

Full height partition walls with sound insulation shall be provided for computer rooms,
reproduction rooms, and around areas separating high noise level areas from occupied areas.
Minimum sound isolation requirements for separation of source room from adjacent receiver
room are:

• Offices, conference rooms, computer rooms, and restrooms, STC50
* Mechanical room near occupied areas, STC65.

STC (Sound Transmission Class) ratings refer to measurements of specific partition construction
for reducing airborne sound according to standard, which has been identified and is being
procured.

Technical Rationale-The criteria for interior partition walls is consistent with good engineering
practice.

4.2.3.4.5 Flooring

CWrira-Flooring systems include stainless steel liners, special protective coatings, vinyl
composition tile, sheet vinyl, ceramic tile, carpet, raised access flooring, and sealed concrete.
Where the potential threat of water or liquid damage is possible, floors shall be sloped to a sump
or drain.
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Decontaminable special protective coatings shall be applied to other process and service floors
involving radioactive materials including ventilation areas where contamination classifications
are assigned. These special coatings shall extend up the walls to form a base 6 inches high.

Vinyl composition tile with 6-inch rubber base shall be used in lunchrooms, offices, corridors,
and other similar spaces where contamination classification is not required.

Sheet vinyl with 6-inch rubber base shall be used in non-contaminated change room area.
Ceramic tile floors and wainscot shall be applied in restroom and shower areas, where required.

Chemical resistant floor systems shall be utilized in laboratory areas, as required.

Raised access flooring systems consisting of 24-inch square steel panel modules shall be used in
computer areas. Panel finish shall be carpet tile.

Concrete floors with hardener and sealer finish shall be specified in non-radioactive materials
usage areas of exposed construction requiring heavy equipment usage such as shops, mechanical
and electrical equipment rooms.

Floor finishes shall be rated Class I when tested in accordance with ANSt'NFPA 220-992 and
have a critical radiant flux of 0.45 W/sq cm minimum.

The Administration Building shall have carpet with rubber base throughout office, lobbies, and
similar areas. Sheet vinyl composition tile with rubber base shall be applied in lunchrooms,
workrooms, janitor closets, and similar spaces. Ceramic tile with ceramic tile wainscot shall be
used in restrooms.

Technical Rationale-The flooring systems described represent good architectural practices in
architectural design and configuration.

4.2.3.4.6 Ceilings

COeria-Ceilings in non-contaminated areas of occupied facilities including offices, conference
rooms, computer rooms, change space rooms, restrooms, and associated lobbies and corridors
shall be provided with suspended acoustical lay-in panel system with a 2-foot x 4-foot "Tee" bar
grid. Shower areas, and janitor closets shall have painted suspended gypsum board. Finished
ceiling heights shall be 9'-0" in offices, corridors, laboratories, and similar areas, 8'-0" in
restrooms and shower rooms. Ceiling systems shall be integrated with lighting, partitions, fire
sprinklers, HVAC, and related building systems.

All other ceilings in occupied or unoccupied areas shall be exposed construction finished with
coatings as described in Section 4.2.3.4.7. These areas include sub-change rooms, storage areas,
shops, mechanical and electrical areas, janitor rooms, and similar spaces.

Technical Rationale-The ceiling systems described represent good architectural practices in
architectural design and configuration.
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4.2.3A.7 Architectural Finishes

Criteria-Finishes used throughout the MGR facilities shall meet fire-resistive requirements
identified in Section 4.2.3.3.4B, "Interior Finishes."

Areas within facilities that contain radioactive materials and processes or have potential of
radioactive particulate contamination shall receive special protective coatings selected for the
specific area environment. Properties to be considered for Special Protective Coatings (SPCs)
are radiation tolerance, chemical resistance (e.g., decontamination process), temperature
resistance, flame spread, smoke generation, fire resistance (fireproofing), interior finish
(specifically excluding equipment and piping), and potential mechanical abuse. These coatings
shall be provided to maintain radioactivity levels from surface contamination, ALARA, and
facilitate deactivation and demolition.

in industrial areas without radioactive materials and processes, conventional coatings shall be
used to maintain cleanliness and adequate illumination levels for safety and work efficiency.

Offices, conference rooms, corridors, computer rooms, restrooms, and similar spaces shall
receive semi-gloss paint finishes or other paint finish, where applicable.

Technical Rationale-The architectural finishes described represent good architectural practices
in architectural design and configuration.

4.2.3A.8 Architectural Specialties

Criteria-Minimum specialties used in MGR facilities shall include visual display boards,
projection screens, metal toilet partitions, shower compartments, corner guards, identifying
devices, lockers, fire extinguisher cabinets, cubicle curtains, and toilet and bath accessories.
Other architectural accessories will be identified during design.

Visual display boards shall be provided in lunchrooms, conference rooms, and other rooms used
for meetings. Display boards shall be white dry erase writing surface.

Projection screens shall be provided in main conference rooms. Screens shall be manually
operated matte white, or glass bead surface with a 60-inch square screen.

Metal toilet compartments shall be provided at each water closet and urinal screening at each
urinal. Toilet compartment shall be baked enamel on steel, floor attached, overhead braced
complete with chrome steel hardware and accessories. Urinal screens shall be baked enamel,
wall supported, with concealed wall supports and hardware.

Shower compartments shall be provided for each showerhead. Compartments shall include both
shower and dressing areas and be baked enamel on steel, floor attached, overhead braced, with
integral bench, curtain rod with snap hooks, and heavy plastic curtain. Ceramic tile shower
surround may be substituted for metal compartment at shower area. Metal dressing area
compartment shall be provided as indicated.
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Work clothes storage bins shall be provided in main and sub-change rooms, and laundry storage
rooms for the storage of clean work clothing. Bins shall be plastic laminate faces high-density
particleboard.

Entry mats shall be provided at the main entrances. Mats shall be recessed with aluminum
fiame.

Window blinds shall be installed at fixed exterior windows in offices and lunchrooms. Blinds
shall be 1-inch horizontal aluminum louvered with full tilt and lift.

Technical Rationale-The fixed equipment described represent good architectural practices in
architectural design and configuration.

4.2.3A.10 Conveying Equipment

Criteria-Conveying equipment includes personnel elevators, freight elevators, and dumb
waiters. Size of conveying equipment shall be determined on a facility basis depending on need
and function including dimensions and load requirements.

Technical Rational-As stated, conveying equipment shall be determined on a facility need
basis.

4.2.3A.11 Plumbing Fixtures

Criteria-Plumbing fixtures include water closets, urinals, restroom lavatories, showers, service
sinks, lunchroom sinks, health physics lavatory, and electric water coolers, emergency eyewash
and shower stations are provided by other disciplines.

Water closets shall be of the wall hung type, with elongated vitreous china bowl, molded
composition split seat, with water closet support carrier and automatic flush valves operation
(1.6 gallons per flush). Pipe chases shall be sized to provide installation of piping, carriers, and
insulation material, if required.

Urinals shall be wall hung type, with vitreous china bowl with support carrier and automatic
operated flush valve (1 gallon per flush).

Restroom lavatories shall be wall hung type, vitreous china bowl with splash lips, and front
overflow, complete with anti-scald faucet (2.2 gallons per minute maximum) and provisions for
soap dispenser.

Showers shall be single occupancy with a 32-inch square stone textured floor receptor with
concealed water supply, drainage, and vent piping. Walls and floors may be of ceramic tile in
lieu of metal cubicle and textured stone floor pan as indicated in Section 4.2.3.4.8, "Architectral
Specialties." Single lever type shower valves (2.5 gallons per minute maximum) with anti-scald
mixer and vandal proof showerheads shall be provided.

Service sinks shall be wall hung type, acid resisting enameled cast iron with wall hanger to suit.
Faucet shall be service type with integral bucket hook and hose connection.
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Corner guards shall be provided at each gypsum wall board constructed corridor comer within
the facilities and other areas that operations will use moveable carts or equipment. Guards are
not required at corridors within office type areas. Guards shall resist impacts of a minimum
25.4 ft-lbJin2 , Izod test, per standard, which has been identified and is being procured, and be 6
foot in length, minimum.

Identifying devices shall be provided throughout the MGR complex facilities. Signage in
accordance with Americans with Disabilities Act includes main entry signs, emergency exit
signs, area identification signs, room signs, emergency exit signs, and main directory sign.

Lockers and benches shall be provided in change rooms. Lockers shall be 12-inches wide
x 15-inches deep single tier metal with sloping top. Benches shall be 12-inch wide x 1-1/4-inch
thick wood (type of wood and species to be indicated in specification) with 18-inch high steel
pedestals.

Fire extinguisher cabinets shall be provided throughout the MGR facilities in quantities and
locations required by standard to be provided later. Cabinets shall be semi-recessed or surface
mount, 20-gage metal, and 12-inches wide x 27-inches high x 7-1/2-inch diameter inside
dimension.

Cubicle curtains shall be provided in personnel decontamination rooms for personnel privacy.
Curtain assemblies shall be 8 ft-3-inches by 8 ft 3-inches "L shaped with 12-inch radius corner
and include surface mounted aluminum cubicle track, metal bead chain and hook assembly with
nylon axle, 5-1/2 ounce per square yard fire retardant cotton cloth curtain. Use flame
spread/smoke index rating.

Toilet and bath accessories shall be provided in each restroom, shower room, and janitor closet
Accessories shall have a satin chrome steel finish and include paper towel dispensers, lavatory
mirrors, liquid soap dispensers, sanitary napkin dispenser, toilet seat cover dispensers, sanitary
napkin disposals, robe hooks, and mop holders.

Technical Rationale-The architectural specialties described represent good architectural
practices in architectural design and configuration.

4.2.3A.9 Fixed Equipment

Crteria-Fixed equipment includes general casework and countertops, laboratory casework and
worktops, laboratory storage casework, work clothes storage bins, main entry mats, and exterior
window blinds.

General casework shall be installed in lunchrooms, workrooms, health physics rooms, and other
similar spaces. Casework shall include lower and upper cabinetry, countertops, and splashes.
Casework shall be plastic laminate faces high-density particleboard with 4-inch splash.

Laboratory casework and storage units shall be installed in all laboratories. Fume hoods are
provided by other disciplines. Casework shall include lower and upper cabinetry and worktops
with integral splash. Casework shall be steel construction with plastic epoxy resin worktop and
6-inch splash. Cabinet doors shall be hinged, with steel-framed glass.
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Double bowl lunchroom sinks with appropriate fixtures shall be provided in each lunchroom.
Faucets shall be 2.2 gallons per minute maximum.

Each health physics personnel decontamination room shall be provided with a single bowl
stainless steel lavatory with % turn wrist blade type fixtures (2.2 gallons per minute maximum).

Electric water coolers shall be wall mounted with adjustable stream regulator. Water coolers
shall comply with ICCANSI Al 17.1-1998, and implementing regulations, which have been
identified and arc being procured.

Technical Rational-The plumbing fixtures described represent good architectural practices in
architectural design and configuration.

Table 4.2.3-1. Stair and Ladder Design Requirements

Stair and Ladder Description NFPA 101.2000 Life Safety Code 29 CFR 1910

1. Stairs: providing fire egress from all Section 722, Stairs. Including NA
areas except equipment patforms Table 7222.1 (a), New Stairs

2. Stairs: at industrial equipment
access walkways and platforms Section 402.5.6 Including
which serve as a means of egress Table 402.5.6, Equipment Access N/A
component from adJacent spaces Dimensional Criteria
serving not more than 20 people

3. Stairs: at operating platforms which
do not serve as a means of egress
component and require routine
access to equipment, or daily IIonsra 1910.24. Fnid
access where there Is exposure to WA ndustli Stairs, Icluding
personnel to harmf substances,
or where canying toolslequipment
bv hand is nomially required

4. Ladders: allowed at
operatinglequipment platformfs at Section 1910.24 (description).
elevated tanks, towers, and similar NIA and Section 191027, Fixed
structures, overhead traveflng Ladders
cranes, etc., where the use of fixed
ladders Is common ractces

5. Ladders and Aftematng Tread
Devices: allowed at elevated
platforms around machinery rio Section 72.9, Fire Escape Ladders,
falling under previous descriptions and Section 72.1 1, Alternating Tread WfA
with an occupancy of less than 3 evices
persons as determined by NFPA
101-000, Section 28-1.7, Occupant
Load, Exception

4.2.3.4.12 Lghting

Lighting criteria to be provided later
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4.2A Subsurface Structural Design Criteria

4.2A.1 Subsurface Structural Codes and Standards

Applicable Codes/Standards', Regulatory Guides
Applicable (RGs)2 , Code of Federal Regulations (CFRs) 3,
Discipline Project SSCs NUREGs, DOE Directives'.

ICC 2000 (iBC). AISC 1989. AISC 1995 AISC 1997, AISC
S341-999, ANSIAiSC N690-1994. ACI 318-02/318 R02, ACI
349.01. ASCE 4-98, AWS D1.1/D1.1M 2002.ASTM A361A
36M -01, ASTM A307-00, ASTM A325-02. ASTM A490-00

CiviUlStruchnaiJ Structurl* ASTM A6151A 615M-01b. ASTM A7061A 706M-01
Architectural RG 1.61 Rev 0

10 CFR 63.29 CFR 1910, 29 CFR 1926
NUREG 0800 1987 (NRC 1987)
DOE STD-1020-2002

Technical Rationale:
This codes and standards support compliance with requirements of Project Requirements Document (Curry
and Loros 2002) such as PRD*02/T-004 (information relative to codes and standards that DOE proposes o
apply to the design and construction of GROA as required by 10 CFR 63.21 (c)(2)), PRW-022 and
Emplacement Ddft System Description Document (BSC 2002f). Determination of applicable sections of this
document will be determined during te design process and In development of design products.

2 This Regulatory Guide has been determined to be critical to the development of design products for preiminary
design. The level of conformance with regulatory positions in the Regulatory Guide will be determined during
the design process and In development of design products that are impacted by these Regulatory Guides.
Addressing tese Regulatory Guides supports compfiance with requirements in Emplacement DrIft System
Description Document (BSC 2002. 1

'Addressing Code of Federal Regulations supports compliance with requirements In Emplacement Drift System
Description Document (BSC 2002 and PRD-015/P-015, PRD015P-020, PRD-015/P-021 and PRD-005.

4 This NUREG provide guidance on acceptable methods and approaches that could be utilized In MGR design.
5 Addressing the DOE Standard supports compliance with requirements of PRD-0181P-019. Determination of
applicable sections of this DOE Standard will be determined during the design process and In development of
design products.

Revised QA ciassfication presently not available. The applicable QA classification will be provided when the
revised Q-Ust Is available.

4.2A.2 Site Information

4.2.42.1 General

The Yucca Mountain Project site is located in Nye County, State of Nevada, approximately
100 miles northwest of the city of Las Vegas.

4.2A.2.2 Rock Properties

Rock properties will be addressed later.

4.2.4.2.3 Seismology

Criteria-Yucca Mountain site-specific acceleration time histories and associated acceleration
response spectra, will be developed at the repository elevation and at the rock surface above

Project Design Criteria Docment
PDCkoljhriW

91 March 2003



000-3DR-MGRO-00100-oo-oo1

repository elevation, in the three orthogonal directions (2 horizontal and 1 vertical) for three
seismic ground motion hazard levels with annual probability of exceedance of IxiO3

(1,000-year return period), 5x40 4 (2,000-year return period) and x104 (10,000-year return
period).

Technical Rationale-The Yucca Mountain Project is committed to using site specific ground
motion.

4.2.4.2A Groundwater

Criteria-Groundwater is not anticipated to be encountered during the turnel boring and shaft
sinking operations. The water table is estimated to be 450 to 1,150 ft below the repository
horizon. Although local and perched water may be encountered, conditions in the drifts and
shafts are generally expected to be dry.

Technical Rational-Water table is determined based on site investigations and Soils Report for
North Portal Area, Yucca Mountain Project 100-OOC-WRPO-00100-000-000 (BSC 2002u).

4.2A3 Seismic Categorization of Structures, Systems and Components

Crteria-SSCs are classified into two main categories, depending on their function during and
after a seismic event Those SSCs whose failure or malfunction during a seismic event could
directly or indirectly result in a condition adversely affecting public safety, or whose failure
would result in consequences in excess of dose exposure limits as specified in 10 CFR 63, are
classified as SSCs important to Safety and shall be designed to withstand the effects of
earthquake without the loss of capability to perform their safety fimcdons. SSCs important to
Safety are those that are important to nuclear safety and/or waste isolation. SSCs important to
Safety for the seismic design basis, are further categorized as Frequency Category 1 (FC-1),
Frequency Category A (FC-IA) and Frequency Category 2 (FC-2) and shall be designed for the
ground motions corresponding to 1,000-year, 2,000-year and 10,000-year return periods
respectively. These categories are summarized in Table 4.2.4-1. Those SSCs not categorized as
Important to Safety are categorized as Conventional Quality (CQ). Conventional Quality SSCs
that are located at the surface above repository elevation shall be designed for the ground
accelerations in accordance with its Seismic Use Groups as classified in ICC 2000 (IBC) and are
summarized in Table 4.2.4-2. Conventional Quality SSCs that are located at the repository
elevation shall be designed for the site specific ground motions corresponding to 2000-year
return period.
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Table 4.2.4-1. Seismic Frequency Categories of SSCs Important to Safety

Earthquake (Annual
Frequency Probability of Earthquake
Category Exceedance) (Return Period) Applicability

SSCs Important to Safety as defined by the
Preclosure Safety Analysis to meet dose

FC-2 ¶ X 104 10,000-year exposure limits. SSCS are designed IDgoverning codes and allowed limited
Inelastic behavior without the loss of
function.
SSCS Important to Safety as defined by the
Preciosure Safety Analysis to meet dose
exposure imits. SSCs are designed o

FC-1A S x 104 - 2,000-year Governing codes to remain within the
elastic limit. Provides additional strength to
assure funcionality during 1x10 seismic
event.
SSCs important to Safety as defined by the
Preclosure Safety Analysis to meet dose

FC-1 I x04 1,000-year exposure imits. SSCs are designed to
governing codes to remain within the
elastic Emit

Table 42.4-2. Seismic Use Group of SSCs Designed to IBC (ICC 2000)

Seismic Use
Group Importance Factor I Nature of Occupancy

1.5 SSCs Containina Toxic, Explosive and Hazardous Materials.
1.25 SSCs that represent substantial Hazard to Human Life. (Example:

Heavy Eguipment Maintenance Facility)

I 1.0 SSCs except those listed In Use Group II and 1ii. (Example: Normal
I I ~~~Occupancy lesstans 300 PeoPle)l
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Seismic design basis for the various SSCs is as shown in Table 42A-3.

Table 42.4-3. Seismic Design Basis for SSCs

SSC Seismic Design Basis
Invert Steel Structure in Emplacement Drifts FC-IA
Ground Support Steel Sets In Emplacement Drifts FC-IA
Ground Support Steel Sets In Access and Exhaust IMins CQ (2,000 year)
Isolation Barriers, Steel Bulkheads and Doos in Main Drifts (Access CO (2.000 year)
and Ventilation)
Invert Structure in Access and Exhaust Malns CO (2,000 year)
Muck Handing Facilities, Structures and Supports CO (2.000 year)
Steel Plafforms and Walkways at repository elevation CO 2_000 year)
Supoorts for Utility Unes O (2 000 year)
Shaft Uners and Collars CO 2_000 year)
Ventilation System Supports CO 2_000 year)
Transfer Dock, Invert and Air Locks in Turnouts CQ t2.000 vear)
South Portal Stuctures and Foundations iBC Use Group II
Misc. Structures and Foundation Pads, Closures, etc. at rock surface IBC Use Group ii
above repository elevation

These seismic design bases witt be checked with the results of Preclosure Safety Analysis.

I.
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Table 4.2.4-4 provides a summary of the structural design codes and standards that apply to
different seismic category SSCs.

Table 4.2.4-4. Applicability of Design Codes and Standards to Seismic Categories

Tide A .y Quality Level Conventional
Tltis Applicabilly SSCs Quality SSCs

ICC,2000 SimcDsg 
International Building Code Seismic Dgn X
ASCE 4-98
Seismic Analysis of Safety-Related Seismic Analysis X
structures .

ACI 349IDein-f01crt
Code Requirements for Nuclear Design of Cocre X
Safet -Related Concrete Structures es 
ACI 318402131BR02Building Code Requirements for Design of Concrete X
Structural Concrete Sbructures
ANSIJAISC N690-1994
Steel Safety-Related Structures for Design of Structural Steel X
Design. Fabrication and Erection
AISC-1995
Manual of Steel Construction, Load Design of Structural Steel X X
and Resistance Factor Design
AISC-1997
Manual of Steel Construction. Design of Structural Steel X X
Alowable Stress Design 
AISC S341-1997 Selsrrc Detaii of
Seismic Provisions for Structural Steel Seisca Deailn ) 
Buildings StutrlSel(atII __________

Technical Rationale-For SSCs that are important to safety, the seismic categorization is in
accordance with site specific seismic ground motion. For conventional quality SSCs, seismic
categorization is in accordance with industry standards.

4.2A.4 Materials

Criteria-The use of materials in the emplacement drifts shall be limited to steel, and crushed
ballast. Any other materials shall not be allowed for use until appropriate testing and modeling
work is done with respect to potential impacts on postclosure performance. Materials other than
those specified above may be used in the non-emplacement drifts.

Technical Rationale-The use of materials was recommended in Emplacement Drifj Invert-Low
Steel Evaluation, CRWMS 2000d.

4.2A.4.1 Structural Steel

Critera-Structural steel for the invert structure and ground support steel sets shall confonn to,
standards which have been identified and are being procured, corrosion resistant, high-strength,
low-alloy steel.

Project Design Criteria Document 95 March 2003
PDc Rot Tma



000-3DR-MGROOOIO0-00-OO1

Platforms, bulkheads and miscellaneous steel shall conform to ASTM A36/A 36M-01 carbon
steel, with a minimum yield stress of 36 ksi, unless special conditions exist requiring the use of
higher strength and/or corrosion resistant material.

Structural bolts shall conform to ASTM A325-02 or ASTM A490-02. Bolts for the platform and
stairs may conform to ASTIM A307-00. Structural connections shall be Bearing Type
connections, except where slip critical connections are essential. Size of bolts for the structural
connections should be limited to 7/8" in diameter and for the miscellaneous platforms and stairs
should be limited to 5/8 in. in diameter.

Welding electrode shall conform to Table 3.1 of the AWS D1.IADL.IM:2002.

Technical Rationale-Structural steel in emplacement drifts is subjected to corrosive
environment and, therefore, corrosion resistant material is recommended. Outside emplacement
drifts industry standard materials are used.

42.4.4.2 Concrete and Reinforcing Steel

Criteria-Reinforced concrete structures are not used in the emplacement drifts. Concrete
structures used in non-emplacement areas shall conform to the following material properties:

* Concrete compressive strength (f'c), based on 28 days strength shall be .4,000 psi
mininmm

* Reinforcing steel shall be deformed bars conforming to ASTM A615/A615M.01b or
ASTM A706IA706M-01, Grade 60 with a minimum yield stress of 60,000 psi.

Technical Rationale-Concrete and reinforcing materials are selected to conform with the
industry standards.

4.24.4.3 Non-Shrink Grout

Criteria-Non-shrink grout where used shall be based on type K cement using silica fume, super
plasticizer and admixtures.

Technical Rationale-Grout mix is selected to minimize its impact on the performance of the
waste packages.

4.2.4.4.4 Ballast

Criteria-The ballast material for the emplacement drift invert shall be crushed tuff generated
from the tunnel boring machine excavations. The ballast material shall be well graded ranging
from 2 inches to No. 200 sieve style size (with 1.0% as maximum material passing). The ballast
material shall be compacted to provide a minimum density of 90 percent of the maximum dry
density. The ballast material shall be free from impurities, oil leaks and organic materials.

Technical Rationale-Ballast material is selected because of its compatibility with the host rock
and provides a cost-effective alternative.
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4.2.4.5 Environment and Corrosion Effects

The emplacement drifts are subject to the following environment.

4.2.4.5.1 Temperature

Criteria-High temperature in the emplacement drifts is caused by heat output generated by the
waste packages. Peak temperature in the emplacement drifts during the preclosure period is
expected to be less than 2050F at the end of emplacement of the last waste package.

Technical Rationale-Peak temperature in emplacement drafts is provided in N.H. Williams
2002a.

4.2A.5.2 Relative Humidity

Criteria-Relative humidity in the emplacement drifts will range from 3 percent to 35 percent
during the preclosure period. Continuous ventilation will be provided during this period. Forced
ventilation will be provided during the first 50 years following start of waste emplacement,
followed by natural ventilation for the remaining period.

Technical Rationale-Relative humidity in emplacement drifts is based on BSC 2001a
(CAL-SVS-HV-000003, Rev 00).

4.2.4.5.3 Radiation

Criteria-Structural steel will be exposed to ionizing radiation from spent nuclear fuel in the form
of beta particles, neutrons and high and low energy photons (gamma and x-rays). Neutron
radiation is a prinary concern since it is able to penetrate through the ground support steel sets
and invert steel. However, cumulative neutron dose is too small to cause any appreciable
mechanical damage to the structural steel and grouted anchor bolts over the preclosure period.
Longevity of Emplacement Drif Ground Support Materials, BSC 2001c. Gamma and beta
radiation are not known to produce any effects on structural steel. Glasstone, S. and
Sesonske, A., Nuclear Reactor Engineering, 1981.

Technical Raionale-Radiation exposure to the steel and grout material is evaluated by the
Nuclear group.

4.2.4.5.4 Biological

Criteria-In the repository environment, many different microbes could grow and provide a
plethora of potential chemical processes that may effect bulk chemistry within the emplacement
drift construction materials. However, during the preclosure period, the emplacement drifts are
expected to be dry and low in relative humidity of no greater that 40 percent. The potential
microbiological impact on steel material will be insignificant below relative humidity of
90 percent
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Technical Rationale-Microbiological impact on the mechanical properties of the materials used
in emplacement drifts are evaluated in Corrosion Evaluation of Steel Ground Support
Components, BSC 2003c

4.2.4.55 Groundwater Chemistry

Criteria-Percolation rate for the water is expected to be small. The pH of seepage water is
expected to be near neutral (DTN: LL020805523125.002). However, based on the planned use
of grout, the pH of seepage could be as great as 13 (DTN: LB0302DSCPTHCS.002).
Accumulation of biofilms due to microbial growth and the active corrosion of emplaced steel and
alloys could result with localized chemistry on introduced components to pH as low as 3
CRWMS M&O 2000b (ANL-EBS-MD-000038,; Rev 00, ICN 1; BSC 2001b
(ANL-EBS-MD-000037, Rev 01). These effects result in the overall pH of the water to range of
3 to 13. Design consideration for construction materials, should be evaluated for these drift
conditions.

Technical Rationale-The expected range of pH of the groundwater due to the planned use of
grout and due to the dissolution of waste form and potential microbial growth is quantified.

4.2AS.S.1 Corrosion Effects

Critera-Steel corrosion in mines is usually caused by sulfuric acid that results from the
oxidation of sulfide phases. This type of aggressive corrosion is not expected to be present in the
emplacement drifts since no sulfides have been observed in the repository host formation. Dry
oxidation and humid-air conditions in the emplacement drifts will not contribute significantly to
the corrosion rate. Aqueous corrosion is not expected to occur during preclosure period because
of low relative humidity. However, due to the low relative humidity expected in the preclosure
drift environment, any seepage entering into the drift would tend to evaporate. Salt brines are
generated from local groundwater due to the evaporative concentration -of chlorides and
bromides. The presence of these brines can cause rapid corrosion that needs t be evaluated in
the selection and design for the invert and ground support steels. Also, materials used in the
repository should be resistant to microbial induced corrosion in a subsurface environment. The
thickness of steel invert section shall be increased by 116 inch beyond what is required
structurally to allow for material degradation due to potential corrosion during the preclosure
period in emplacement drifts.

Technical Rationale-Factors that might effect corrosion in emplacement drifts are identified in
Corrosion Evaluation of Steel Ground Support Components, BSC 2003c, and hence a corrosion
allowance is provided.

4.2A.6 Design Loads

SSCs shall be designed for the following loads.

4.2.4.6.1 Dead Loads (D)

Dead loads are those loads that remain permanently in place and include the weight of framing,
permanent equipment and all attachments.

Project Design Criteria Documnt
M-Kl-r-

98 March 2003

-



O0O-3DR-MRO-00 100000-M1

4.2.4.62 Live Loads (L and L)

C*eria-Live loads (L) are those loads that are superimposed by the use and occupancy of the
building or structure. Minimum live loads used for the design shall not be less than the
following:

Platforms, Walkways and Stairs

Uniform live load --- 100 psf
Concentrated load -- 1,000 bs.

These loads are concurrent. Concentrated load shall be applied to maximize moment and
shear.

Construction loads for the Steel Invert Structure -- 500 psf.

Live load (L) is defined as the live load expected to be present during an earthquake
event. L equal to 25 percent of the minimium uniform design live loads, as specified
above may be used.

Technical Rationale-Recommended live loads and construction loads are based on the industry
standard and construction experiences.

4.2A.63 Seismic Loads (E)

Citeria-Seismic loads for the SSCs Important to Safety shall be computed based on the
Equivalent Static Load Method in accordance with the requirements of NUREG-0800
(NRC 1987), Section 3.7.2 (Ref 3.2.3). To obtain an equivalent static load in the horizontal and
the vertical direction, a factor of 1.5 shall be applied to the respective peak acceleration of the
applicable response spectra, using appropriate damping value for the structure or component.
Damping values as expressed in terms of the percent of critical damping are shown on the
following table:

Table 42.4-5. Damping Values

Structure or Component Damping Value
Welded Steel Structures 4 ercent
Bolted Steel Structures 7 percent
Reinforced Concrete Structures 7 percent

Alternatively, a dynamic analysis, e.g., time history method or response spectrum method should
be used when the use of the equivalent static load method can not be justified. Analysis shall
account for effects of soil-structure interaction. Torsional effects shall be included.

For the total seismic response, responses from the three orthogonal components of earthquake
motion shall be combined by taking either the square root of the sum of the squares of the
maximum codirectional responses caused by each of the three components of earthquake motion
(SRSS Methods) or the Component Factor Method (1.0+0.4+0.4) (ASCE 4-98). Each
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component factor represents codirectional responses from the two horizontal and the vertical
seismic motion.

In addition, steel invert structure connected to the subsurface emplacement drift walls will
undergo structural deformations that are imposed and controlled by the tunnel deformations
caused by the seismic ground motion. Such actions are termed deformation-controlled, which
shall be evaluated and accounted for in the design of steel inverts in emplacement drifts.

Seismic loads for the structures and components designated as Conventional Quality (CQ), that
are located at the surface above the repository elevation, shall be computed in accordance with
the requirement of the International Building Code (ICC 2000). For Conventional Quality SSCs
that are located at the repository elevation, the seismic loads shall be computed using the site
specific ground accelerations corresponding to 2000-year return period.

Technical Rationale-Method for determining seismic loads for the surface SSCs that are
important to safety or waste isolation are provided based on the requirements of NUREG-0800
(NRC 1987), Section 3.7.2. Guidelines for the seismic response for the underground structures
are based on industry practices. ICC 2000 (IBC) does not provide any guideline for computing
seismic loads for the underground structures.

4.2A.6A Gantry Crane Loads (CL)

Criteria-Gantry crane supplier's information shall be used for the crane weig, wheel loads and
lifted loads for the design of crane rails and supporting structural steel beams. Impact
allowances shall be in accordance with Sections A4.2 and A4.3 of the AISC 1989. The weight
of the unloaded crane shall be considered simultaneously with the seismic loads. The horizontal
and vertical inertia forces shall be obtained by multiplying the weight of the crane by the
appropriate accelerations.

Technical Rationale-Crane load guidelines are provided according to AISC 1989.

4.2A.6.5 Waste Package Loads

Criteria-Waste package characteristics and the maximum loaded weights of the various
commercial spent nuclear fuels (CSNF) from the commercial nuclear power plants and the
defense high level waste (DHLW) are provided by the Analysis and Component Design group.
For steel invert design, the maximum weight of the largest waste package shall be used. The
estimated maximum weight of the pallet, supporting the largest waste package is also provided
by the Analysis and Component Design group.

Technical Rationale-Maximum waste package and supporting pallet loads are needed for the
design of the steel invert. The loads are provided by the A&CD group.

4.2.4.6.6 Drip Shield Loads

Crieria-Drip shields in the emplacement drifts are planned to protect the waste packages from
the rock fall and the water intrusion during the postclosure period of 10,000 years. Drip shields
will be installed after the completion of emplacement of all waste packages and prior to closure.
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Drip shield loads shall be provided by the Analysis and Component Design group. No back-fill
is anticipated for the postclosure period. However, back-fill option shall not be precluded.

Technical Rationale-Drip shield loads are needed for the design of the steel invert. It is
provided by the Analysis and Component Design group.

4.2.4.6.7 Ventilation Pressure Loads (P)

Criteria-Isolation barriers, steel bulkheads, and doors shall be designed for the ventilation
differential pressure load, in addition to the dead and seismic loads. Maximum ventilation
differential pressure shall be equivalent to the potential maximum primary fan pressure
transmitted when the barrier and bulkhead doors are closed.

Technical RationaLe-Maximum ventilation differential pressure is needed to design the barriers,
bulkheads and doors and is provided by the HVAC group.

4.2.4.6.8 Temperature Loads (I)

Criteria-The design of SSCs shall include the effects of variations in temperatures. Peak
temperature in the emplacement drifts is not expected to exceed 205 degrees Fahrenheit. The
design temperature for the structural steel shall be 205 degrees Fahrenheit. Expansion joints
shall be provided in the longitudinal members of the steel invert and the rails, in emplacement
drifts.

Technical RationaL-Peak temperature in emplacement drifts is provided in Section 4.2.4.5.1 of
this document.

4.2A.7 Load Combinations and Stress Allowables

Notations:

D - Dead Loads
L = Live Loads
Lo = Live Loads present during an Earthquake
E = Seismic Loads
CL = Gantry Crane Loads
WP = Waste Package Loads
DS = Drip Shield Loads
P = Ventilation Pressure Differential Loads
T = Temperature Loads
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4.2.4.7.1 Steel Structures

Criteria-Invert steel structures in the emplacement drifts shall be designed in accordance with
the following load combinations, as applicable and shall conform to the requirements of
ANSI/AISCN69D-1994. These load combinations meet the intent of the requirements of
NUREG-0800 (NRC 1987), Section 3.8.4:

S = D+CL+L+P
S - D+CL+L+P+T
S = D+WP+DS+L+P
S = D+WP+DS+L+P+T

1.6= D+CL+Lo+P+E
1.6S = D+CL+ Lo+P+T+E
1.6S = D+WP+DS+Lo+P+E
1.6S = D+WP+DS+Lo+P+T+E

The following load combinations shall be used for design of members in shear and for design of
bolted connections:

1.4S = D+CL+Lo+P+E
1.4S - D+CL+Lo+P+T+E
1.4S D+WP+DS+Lo+P+E
1.4S = D+WP+DS+Lo+P+T+E

S = Allowable stress as permitted by ANSI/AISC N690-1994 specification.

NOTE: Seismic load E is equivalent to safe shutdown earthquake (SSE) as defined in
ANSIAISC N690-1994.

Ground support steel sets if required, shall be designed for the loads as furnished by the
Geotechnical group.

Steel structures and components designated as Conventional Quality (CQ) shall be designed in
accordance with the following load combinations of ICC 2000 (IBC) Section 1605.3.2 and
conform to the requirements of AISC Allowable Stress Design (ASD) method:

S =D+L
S = D+L+P+T
S = D+L+0.7E
S = D+L+P+T+0.7E
S = D+0.7E
S - Allowable stress as permitted by AISC (ASD) method.

Alternatively, steel structures designated as Conventional Quality (CQ) may also be designed by
the AISC 1989 Load and Resistance Factor Design (LRFD) method with appropriate load factors
and stress allowables.

TechnIcal Rationale-The design load combinations listed for the steel structures in
emplacement drifts that are important to safety and/or waste. isolation are based on
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AISC N690-1994 and meet the intent of the requirements of NTJREG-0800 (NRC 1987),
Section 3.8.4. Steel structures that are not important to safety are based on AISC Allowable
Stress Design method which are in conformance with the industry practice.

4.2.4.7.2 Concrete Structures

Criteria-Concrete structures are not expected to be used in the emplacement drifts. Concrete
structures where used in the non-emplacement areas are designated as CQ and shall be designed
in accordance with the following load combinations, conforming to the requirements of ICC
2000 (IBC):

U= 1.2D + 1.6L
U 1.2D + 1.2T + 1.6L
U = 1.2D + .OL + L.OE
U = 1.2D + 1.2T + L.OL + OE
U 0.9D + .OE
U = Required strength per ICC 2000 (EBC).

NOTE: Above load combinations are not applicable to concrete liners and shaft collar
designs.

Technical Rationale-The design load combinations listed for the concrete structures that may be
used in the non-emplacement area are based on ICC 2000 (1BC). These structures are classified
as Conventional Quality and it is an industry practice to. design them in accordance with the
ICC 2000 (IBC).

4.2.4.7.3 Foundation Design

Criteria-Foundation design for the SSCs designated as Important to Safety, shall be in
accordance with the requirements of NUREG-0800 (NRC 1987), Section 3.8.5. Foundation
design for the SSCs designated, as CQ, shall be in accordance with the requirements of Chapter
18 of ICC 2000 (BEC).

Technical Rationale-Foundations that are important to safety are required to be designed in
accordance with the requirements of NUREG-0800 (NRC 1987), Section 3.8.5. Other
foundations are designed to ICC 2000 (1BC).

4.2A.8 Rock Anchors

Criteria-Materials, design and installation of rock anchors shall be in accordance and consistent
with the design criteria and specification as developed by the Geotechnical Group for their use in
ground support system.

Technical Rationale-Rock anchors if used are to be consistent with the technical requirements
that are adopted for the rock anchors that will be used for the ground supports.
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4.2.4.9 Constructabllity

Criteria-Logistics of handling, transporting and installing materials within the confined space of
waste emplacement drift is of prime importance. Modular fabrication of steel invert in panels,
consisting of the following assemblies are planned:

* Longitudinal and transverse support beams with attached base plates
* Runway beams with cap plates or structural channels and stiffened brackets.

Suitable lengths of these panels will have to be determined. These panels are to be attached by
bolting.

Technical Rationale-Constructibility requirements are provided to ease the installation of the
steel invert in emplacement drifts.

4.3 ELECTRICAL DESIGN CRITERIA

4.3.0.1 System Design Criteria

Criteria-The system shall maintain the power factor at the utility interface at a level greater than
0.85.

Technical Rationale-This criteria is required to define the minimum power factor at the utility
interface. Normally, the power factor is provided by the utility company because it is important
for system performance. It is desirable to have a higher power factor. It is also important for
utility to recover their cost in transmission line loss and to minimize the transmission loss.
Power factor of 0.85 is reasonable since it indicates that the system is performing well and it is
not too difficult for the user to comply. The power factor for all transmission lines are different
and all electrical applications in various areas of the MGR are different. The over-all average of
0.85 at interface point is a reasonable number for all concerned parties to accept

Criteria-The YMP power systems shall be divided into normal, standby, and ITS power
systems. The uninterruptible, and DC power sources shall be included for uninterruptible power
and control fimctions.

Technical Rationale-This criteria is required to define the power distribution subsystems.

Criteria-The facility normal power supply voltages shall be 12A7 kV, 4.16 kV, 4801277 V, and
208/120 V, 3 phase, 60 Hz for AC system. The DC battery system voltage shall be 125 V.

Technical Rationale-This criteria is required to define the plant application voltages, in
compliance with EE Std 141-1993. These voltages are most commonly used in the industry in
the United States for medium and low voltage systems. The electrical equipment is most readily
available in these voltages. Their performances have long been proven. The medium voltage
12.47 kV is currently used in the existing system at the site, therefore, it is selected over 13.8 kV
system for the sake of service continuity.

Criteria-The DC power system shall be used for medium voltage switchgear control, as needed.

Project Desipg Criteria Document
"cjDijk~a

104 March 2003



000-3DR-MGRO-00100400-O001

Technical Rationale-This criteria is required to define the plant medium voltage switchgear
control voltage, for the service continuity capability. The DC power will be available even
during plant blackout. Therefore, the critical circuit breaker control capability is secured.

Criteria-All facility electrical loads shall be designated as either group A or group B. Each
group receives power from one of two main switchgears A and B. The loads shall be distributed
as much as possible to achieve balance between the two main switchgears.

Technical Rationale-This criteria is required to avoid a common mode failure or minimize the
effects of failure of one load group. The redundant power system for the "important to safety'
loads will achieve the nuclear safety goal. Division of the loads can also facilitate maintenance
and increase availability of the plant loads.

Crieria-All electrical equipment, raceways, and cables of the YMP Facility shall be given
unique identification numbers, except for lighting, communications, cathodic protection, fire
protection and grounding systems.

Technical Rationale-This criteria is required to facilitate the safety, correct installation and
operation, and easiness of inventory and maintenance.

Criteria-Transformers shall be liquid-filled for outdoor service and dry-type for indoor service.

Technical Rationale-This criteria is required for increasing the outdoor transformer efficiency
and minimize the potential fire hazards which can be caused by indoor transformers.

Criteria-The transformers for outdoor installation shall be 12.47 kV to 4.16 kV and 12A7 kV to
480 V, 3-phase, 60 Hz, with no-load manually operated taps. The primary side shall be delta
connected, secondary side shall be wye connected and the neutral resistance grounded for
4.16 kV secondary and solid grounded for 480 V secondary.

Technical Rationale-This criteria is required to standardize design for safe operation. The
neutral resistance grounding in the medium voltage system will minimize the fault current for
human safety. The solid neutral grounding for low voltage system will facilitate quick clearing
of fault. The delta-wye connection will minimize grounding fault effects and minimize
harmonics in the system

Citeria-The medium voltage switchgears shall be rated at 12.47 kV or 4.16 kV, 3-phase, 60 Hz.
The switchgears shall be rated to withstand the maximum short-circuit current available in the
system.

Technical Radonale-This criteria is required to define the system operation voltages and to
standardize design. The maximum short-circuit current withstanding capability is required for
protection of personnel safety, equipment and system protection.

Criteria-Lighting and instrumentation transformers shall be dry type. The primary shall be delta
connected and secondary shall be wye connected and neutral solidly grounded (4801277 V or
208/120V). Single phase lighting transformer of 480-240/120 V can also be used as required.
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Technical Rationale-This criteria is required to standardize design for safe operation. It will
minimize fire hazards by not using oil-filled transformer, and minimize harmonics in the system.

Criteria-The 480 V load center (switchgear) shall be used to provide power to the downstream
motor control centers and motors larger than 150 hp up to 300 hp, and static loads up to 400 kW.

Technical Rationale-This criteria is required to define the role of 480 V load center and safe
operation of medium size 480V motors and other static loads. This is the common accepted
industry practice. This practice will minimize the stress in electrical equipment. This will
enable equipment long-term operation.

Criteria-The 480 V motor control center (MCC) shall be used to provide AC power to induction
motors and other loads rated 150 hp or below but above 1/3 hp, and miscellaneous branch
circuits. Static (resistive) loads up to 240 kW can be served from MCCs.

Technical Rationale-This criteria is required to define the role of 480 V MCC and safe
operation of low integral or fractional size motors and other static loads. This is the common
accepted industry practice. This practice will facilitate easy installation and easy replacement of
motors or static loads.

Criteria-In general, AC motors shall be squirrel-cage, induction type, suitable for operation from
the following supplies:

Motor Size Utilization Voltage System SuPply

1/3 hp and smaller 115 V 120 V, l-phase, 60 Hz
1/2 hp to 300 hp 460 V 480 V, 3-phase, 60 Hz
300 hp to 4,000hp 4 kV 4.16 kV, 3-phase, 60 Hz
4,000 hp and above 11.5 kV 12.47 kV, 3-phase, 60 Hz

Technical Rationale-This criteria is required to define the motor application voltages for safe
operation. This is commonly accepted industry practice and listed in EEE Std. 141-1993 and
ANSI Std. C84.1-1995.

Criteria-The motors used for outdoor installation or in the hazard location shall be either totally
enclosed fan-cooled (FC), totally enclosed non-ventilated (TENV), or weather-protected, type
II (WP ).

Technical Rationale-This criteria is required to ensure that the motor is protected from weather
or chemical hazards.

Criteria-Adjusted speed drive shall be used where it is required to control speed of the driven
mechanical equipment.

Technical Rationale-This criteria is required because some mechanical equipment requires
variable speeds for operation, or requires large torque to start rotation.
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Criteria-The DC battery system shall be 125 VDC nominal voltage. The battery system shall be
designed for a long life and low maintenance requirements. Battery shall be sized for a
minimum of I hour and 30 minutes discharge time without re-charging per NFPA 70-2002
(Article 700-12). The DC power system shall be backed-up by diesel generators.

Technical Rational-This criteria is required to define the DC system voltage. The voltage is
most commonly used in the industry. The performance and reliability are superior. Since the
acid used in battery and the generated hydrogen gas pose as health and fire hazards, battery with
long life and low maintenance type shall be required. The minimum battery discharge time is
required to assure a continuous power supply during a utility power blackout. This is critical for
a safe facility operation and shut down by providing sufficient backup power.

Criteria-Uninterruptible Power Supply (UPS) shall be provided to supply critical power of
acceptable quality, without delay or transient during a power interruption, to important
monitoring and control loads that can not tolerate a power interruption. Important computer
system shall also be supplied by UPS.

Technical Rationale-This criteria is required per EER Std 446-1995, Emergency and Standby
Power System for Industrial and Commercial Applications. This system is also of critical
importance to nuclear safety.

Criteria-The uninterruptible power supply (UPS) system for plant control and instrumentation
applications shall be supplied by 480 V AC power and the output shall be 2081120 V, 3-phase,
60 Hz. The UPS battery banks shall be sized to provide full UPS rated load for a minimum of I
hour and 30 minutes.

Technical Rationale-This criteria is required to define the UPS system voltage. The voltage is
most commonly used in the industry. The performance and reliability are superior. The
minimum continuous UPS operating time is required to assure a nuclear safety for facility
operation or shutdown during a utility power blackout. The requirement of providing
uninterruptible power is also indicated in NFPA 70-2002.

Criteria-The standby diesel generators shall be rated 12.47 kV and the important to safety (ITS)
diesel generators shall be rated 4.16 kY, 3-phase and 60 Hz, Y connected. Upon loss of off-site
power, the diesel generator shall be automatically started and ready to accept loads within 30
seconds.

Technical RationaleThis criteria is required for the optimum system design. The amount of
standby power required during loss of oflsite power is expected to be in several megawatts. That
amount will require a 12.47 kV generator to support. Since the scope of ITS equipment or
system will be kept to a minimum, the ITS diesel generator can be rated at a lower voltage.

Criteria-The system design shall provide a 30 percent margin to accommodate future load
growth.

Technical Rationale-This criteria is needed to ensure that the electrical system is designed with
sufficient margin for the future. The value of 30 percent is based on engineering judgement
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derived from standard engineering practice regarding system margins. The 30 percent value is
applied in addition to the system loads defined during the final design.

Criteria-The system shall regulate the utilization voltage to +10/-10 percent.

Technical Rationale-This criteria is needed to define the utilization voltage limits for the end
item equipment. This voltage drop limit is for normal operations because a momentary voltage
drop will occur for the starting of large motors. EE Std. 141-1993, IEEE Recommended
Practice for Electrical Power Distribution for Industrial Plants and ANSI C84.1-1995, Electric
Power Systems and Requirements, identify a range of +/-10 percent The voltage range is
+10 /- 0 percent. By NEMA Standards, the electrical equipment are made to perform well within
+10/-10 percent of rated voltage

4.3.0.2 Lighting System

Crieria-Lighting systems shall be in accordance with ANSIIIES-RP-7-1991 and code which has
been identified and is being procured. It will consist of the Normal and Emergency Lighting
Systems. The normal lighting shall include general lighting, exterior lighting, subsurface
lighting, site and area lighting. The emergency lighting shall include egress lighting, emergency
operating lighting, essential lighting, exit lighting, and safeguard and security lighting.

Technical Rationale-This criteria is required for providing sufficient illumination for all areas in
the Facility in all operation modes.

Citeria-The system shall provide the minimum facility lighting for the areas defined in the
following table.

Table 43-1. FacilIty Illumination Levels

Facility Aas Illumination Levels
Ramps, Main Tunnels - 10 foot-candles
Alcoves, Venblaon Shafts, Drifts 1 foot-candles
Constrcton
Shops, BOP Buildings 30 foot-candles
Office, Laboratories, Waste
Processing Ama facelitles 50 foot-candies

NOTE: These Illumination levels will be revised later and based on ANSII1ES-
RP-7-1991.

Technical Rationale-This criteria is required to define the lighting requirements for the surface
and subsurface facilities to support the conduct of operations. The lighting table values for
illumination are based on 29 CFR 1926.56(a), Table D-3, but will be revised based on
ANSIES-RP-7-1991

43.03 Cable

Criteria-The 15 kV and 5 kV power cable shall be single conductor or triplexed Class B
stranded copper conductor, 133 percent insulation level and rated for continuous operation at
90 degree Celsius, 130 degree Celsius for emergency overload operation and 250 degree Celsius
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for short circuit conditions in accordance with applicable standards that have been identified and
are being procured.

Technical Rational-This criteria is required to assure the quality of cables to be satisfactory for
normal and emergency applications. It is based on standard that has been identified and is being
procured.

Cia-The power, lighting, motor feeder and control cables shall be single conductor or
multi-conductors, copper, rated 600 V, 75 degree Celsius. Conductor shall be hard drawn
copper. All power and control wiring shall be standard copper flame-retardant moisture and
heat-resistant or heat-resistant thermoplastic insulated 75 degree Celsius.

Technical Rationale-This criteria is required to assure the quality of cables for YMP
application. These are the most common and reliable cables, which satisfy standards, which
have been identified and are being procured.

Crteria-Power cables of size #2/0 and larger shall be single conductor or triplexed. Cables for
lighting circuits shall be single conductor, solid copper. Cable insulation and jacket material
shall be resistant to heat, moisture, impact, radiation (where required) and ozone.

Technical Rationale-This criteria is required to assure the quality of cables for YM
application. These are the most common and reliable cables, which satisfy standards to be
provided later. Cables installed near radiation need to be protected for long-term performance.

Criteria-All lighting and receptacle panel branch circuits shall have a maximum of three circuits
sharing a common neutral for single-phase loads. Where non-linear loads have been identified,
the neutral shall be sized accordingly.

Technical Rationale-This criteria is required to limit the ground fault current passing a neutral
conductor, for protection of integrity of the circuit. This is in accordance with the requirements
of NFPA 70-2002 (Article 250).

Criteria-Instrument cables shall be single-pair, triad-twisted, and shielded or multi-pair with
shielded pair and overall shield and drain wire, unless supplied by the instrument vendor.

Technical Rationale-This criteria is required to shield off noise to the transmitted signal in the
cable in order to prevent instrument malfimtion due to the noises in the instrumentation cable.

Criteria-All instrument cable shall be fire-resistant. All instrument wiring shall be stranded.
Fiber optic cable and field-bus shall be used for most data network, voice and video
communication.

Technical Rationale-This criteria is required to assure the satisfactory performance of cables
with the state-of-art technologies. This will ensure integrity of instrumentation system function.

Criteria-Bulk cable insulation and jacket material used shall be of the low flammability type.

TechnieadRationale-This criteria is required to protect cables from failure due to fire or heat.
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Criteria-The minimum size of conductor shall be as follows (not including cabling integral to
components):

Dutv Minimum Conductor Size (AWG)

Power and Lighting 12
Current transformer Wiring 10
Control Circuits (120 VAC/125 VDC)
and Instrument Power circuits 14
Instrumentation - Single pair cable 18
Instrumentation - Multi-pair cable 20

Technical Rationale-This criteria is required to ensure that the cables are not over-loaded.

Criteria-Control cables shall be multi-conductor, color coded in accordance with the ICEA
standard method.

Technical Rationale-This criteria is required to comply with standards to be provided later.

4.3.0.4 Grounding System

Criteria-The system shall provide ground-fault detection and relaying to automatically
de-energize any high voltage system component that has developed a ground fault for circuits
that are 1,000 volts or higher.

Technical Rationale-This criteria is needed to address ground-fault relaying and circuit
de-energization. This criteria supports 29 CFR 1910.304(f)(7)(ii)(C) and
29 CFR 1926.404(1)( )(iiXC).

Criteria-A ground grid shall be furnished in the Facility area to provide for personnel safety and
to facilitate for systems, structures, and equipment grounding.

Technical Rationale-This criteria is required to protect the safety of site personnel and general
public personnel in the area during a system fault (short circuit), a lightning strike, or a system
voltage surge. It will also prevent equipment failure and mitigate damages to system, structure
and component. This requirement is in compliance with IEEE Std 142-1991.

Criteria-The ground grid shall be designed to limit touch and step potentials to safe values under
the calculated ground fault conditions. The grounding conductors shall be of sufficient size to
carry the maximum available ground fault current.

Technical Rationale-This criteria is required for the personnel safety, equipment and structure
protection, based on the procedures and recommendations of IEE Std 142-1991 and
requirements in NFPA 70-2002.

Criteria-The main ground grid shall be made of bare copper no smaller than No. 4/0 American
Wire Gauge (AWG), buried below the earth surface at no less than two and a half ft deep. Rods
used for grounding electrodes shall be made of copper.
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Technical Rationale-This criteria is required for the personnel safety and equipment protection,
based on the procedures and recommendations of IEEE Std 142-1991 and requirements of NFPA
70-2002.

Criteria-Electrical equipment, building steel, and metal components likely to become energized
under abnormal conditions shall be effectively grounded by direct or indirect connection to the
building ground grid that connects to the main ground grid. Ground plates shall be located for
multiple grounding runs from single location. Columns and beams shall be connected to the
facility ground grid.

Technical Rationale-This criteria is required for the personnel safety and equipment protection,
based on the procedures and recommendations of IO Std 142-1991 and requirements of NFPA
70-2002.

Criteria-Instrument signal and computer systems shall be provided with a low impedance
isolated ground system. This system shall be connected at a test point for periodic check. The
grid impedance shall be maintained at less than five ohms. The isolated ground shall be a radial
system without loops connected to the main grid at a single point. Separate isolated ground
terminals (buses) shall be provided for the equipment to be connected.

Technical Rationde-This criteria is required for the operational integrity of instruments and
computer system. The voltage surges in the main power ground grid will propagate to
instrument circuit if a path is realized. Damaging voltage ripples in instrumentation circuit will
disable instrument function.

Criteria-Plant power system grounding shall be based on the following criteria:

* 12.47 kV system. This system shall be grounded through a resistor to limit damaging
ground fault current to a value adequate for relay operation (low resistance grounding).

* 4.16 kV system. This system shall be grounded through a resistor to limit damaging
ground fault current to a value adequate for relay operation (low resistance grounding).

* 480Y/277 V system. The system neutral point shall be solidly grounded to the ground
grid.

208Y/120 V (including UPS). The system neutral point shall be solidly grounded to the
ground grid.

* 240/120 V, 1 phase. Solidly grounded.

* 125 V DC. Ungrounded.

* Instrumentation and signal. Separate ground grid. Connected at one point of electrical
main ground grid.
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Technical Rationale-This criteria is required for the personnel safety and equipment protection,
based on the procedures and recommendations of IEEE Std.142-1991 and requirements of NFPA
70-2002.

Criteria-All underground connections shall be made by thermo-welding process or a ANSI/UL
467-1998 listed compression type connection approved for this application. Exposed
connections and taps shall be made with pressure-type connectors.

Technical Rational-This criteria is required because the thermo-weld connection in
underground is a better selection for prevention of corrosion. For exposed application, pressure
type connection costs less and it is easier to install or replace.

Criteria-Cable trays shall be grounded at both ends and individual tray sections shall be
connected together for ground continuity.

Technical Rationale-This criteria is required to secure the path continuity for ground fault
current.

Criteria-All motors shall be grounded through the grounding conductor enclosed in the power
cable, or a ground wire run with the power circuit in conduit, to the ground bus in the MCC
and/or switchgear.

Technical Rationale-This criteria is required for the personnel safety and equipment protection,
based on the procedures and recommendations of EEE Std 142-1991 and requirements of NFPA
70-2002.

4.3.0.5 Lightning Protection

Criteria-Electrical equipment and power lines dhall be protected where necessary with lightning
arresters and surge capacitors.

Technical Rationale-This criteria is required for the personnel safety and equipment protection.

Criteria-Lightning protection shall be installed for all buildings and high structures in
accordance with the recommendations of NFPA 780-2001. The protection system shall consist
of air terminals bussed together and connected by down conductors to the facility main ground
grid.

Technical Rationale-This criteria is required for the personnel safety and equipment protection,
based on the procedures and recommendations of NFPA 780-2001.

4.3.0.6 Cathodic Protection

Criteria-Cathodic Protection System shall be provided for underground metal piping systems,
and water and fuel oil tanks in contact with soil.

Technical Rationale-Cathodic Protection System is provided for prevention of underground
metal corrosion. This is for prevention of metal tank or piping premature failure. Using
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impressed current cathodic protection equipment and sacrificial anode equipment will maintain
negative potential in the underground metal, prevent or slow down the corrosion process.

4.3.0.7 Heat Tracing

Criteria-Electrical beat tracing (freeze protection) shall be provided for liquid filled piping and
instrument sensing lines that are subject to freezing. The system shall be operable when subject
to an outdoor temperature range of minus 30 degree F to plus 115 degree F. Selection of the heat
tracing turn on and turn off temperature shall be based on the fluid properties and of the pipe
insulation characteristics.

Technical Rationale-This criteria is required to assure the continuous facility normal operation
even in the freezing weather. This can only be achieved by preventing freezing of liquid-filled
piping and instrumentation sensing lines.

Criteria-The heat tracing cable supply voltage shall be 120 VAC or 240 VAC, -phase, 60 Hz.
The incoming power shall be 480 VAC, 3-phase, 60 Hz at the primary side of heat tracing power
distribution transformer.

Technical Rational-This criteria is required to assign the application voltages to the heat
tracing system. This is the most commonly accepted system in the industry.

Criteria-The normal power shall be used to supply heat tracing system except where a standby
power or emergency power is required.

Technical Rational-This criteria is required to minimize unnecessary loading of diesel
generators.

Criteria-In heat tracing-circuit, ground leakage protection shall be employed and be configured
to provide both local and remote indication of a ground fault.

Technical Rationale-This criteria is required for the safety operation of the system by detecting
ground leak early. The detection will enable prevention of larger fault. This is based on NFPA
70-2002. This is the industry common practice.

4.3.0.8 Raceway Grouping

Criteria-Redundant TS cables and raceways shall be separated in accordance with the
principles defined in EEE Std 384-1992, which may include routing via separate fire areas.

Technical Rationale-This criteria is required because physical separation requirements for ITS
electrical cabling shall be compliant with the general principles defined in EE Std 384-1992.

Criteria-Cable raceways shall be physically separated in accordance with the fiction and
voltage class of the cables, as follows:

* 15 kV cables
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* 5 kV cables

* Low voltage power AC and DC-600 V cables

* High-level signal and control or discrete on/off control cables (120 V AC, 125 V DC)

* ITS Controls

* Cables for general instrumentation (that is, low-level analog and digital signals, data
communication, etc.)

* Fire Detection

Technical Radonale-Physical separation of electrical raceways are required to prevent common
mode failure of a cabling system for preventing a complete failure of an ITS SSCs. This is in
accordance to requirements listed in EEE Std 384-1992 and RG 1.75 Rev 2.

4.3.0.9 Raceway System

Criteria-Depending on ways of exposure, raceways are divided into two major classes; exposed
systems and embedded systems. Exposed systems shall utilize cable tray or conduit, anmnged in
a main distribution pattern branching out to serve individual equipment or devices. Embedded
systems shall consist of conduit embedded in building floors (including trench), walls, and in
underground duct banks.

Technical Rationale-This criteria is required for mechanical protection of cables. This is the
common practice in industry. In-floor trenches and cable pits can be used as required as special
cases.

Criteria-Cables shall be routed in conduit or in cable trays with conduit dropouts to the
individual equipment and devices. Underground duct banks shall be used between facilities and
outlying structures.

Technical Rationale-This is the common practice in industry for protection of cables.

Criteria-Cable runs to remote area through uneven surface areas shall be by overhead lines.

Technical Rationale-This criteria is required for cost effective and practical way to route cables
to remote areas.

Criteria-A raceway designated for a single class of cables shall contain only cables of the same
class. Cable trays containing low voltage instrumentation cables with very low current control
signals shall provide protection against spurious signal sources.

Technical Rationale-This criteria is required to prevent interference between different classes of
cables. This is the common practice in industry. Protection of instrumentation cables is for
prevention of equipment malfunctions due to noises mixed in normal signal.
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Criteria-Only metallic type cable trays shall be used. Instrumentation trays shall have solid
bottoms and covers. Tray lengths shall be provided as necessary to fit the design situation with
the tray widths and heights as listed below.

* 12 in. wideby4 in. high.
* l8in.wideby4in.high.
* 24 in. wide by 4 in. high.
* 30 in. wide by 4 in. high.
* 36 in. wide by 4 in. high.

Technical Rationale-This criteria is required to standardize cable tray types. The metal type
tray will serve as the partial ground fault return path for protection of personnel and equipment.
This is the common practice in industry.

Criteria-The distance between cable tray supports shall not exceed 10 ft. Design of seismic
supports where required and seismic zone classification shall be reviewed and approved by the
Civil, Structural, and Architectural (CS&A) group.

Technical Rationale-This criteria is required to protect the integrity of cable tray system during
seismic event. This is normally required in a nuclear facility.

Criteria-In general, for areas using vertically stacked trays, the highest voltage cables shall
occupy the highest position in the stack. Low voltage power cables in vertically stacked trays
shall be located below medium voltage power cables. Control cables shall be located below low
voltage power trays and low voltage analog and digital communication cables or fiber optic
cables located below control cable trays.

Technical Rationale-This criteria is required because the higher voltage cables are more prone
to start a fire. In case of a fire, generated heat will flow above. This practice will prevent
-damaging lower voltage cables in case of fire generated in higher voltage cable trays. This is the
common practice in industry.

Criteria-Cable rated at 300 V may be routed in the same raceway and share the same enclosures
(boxes) as 600 V cable, provided the maximum applied voltage of the 600 V cable does not
exceed 300 V.

Technical Rational-This criteria is required to prevent the mixing of 120 V low power or
control circuit cables with 600V class power cables. Very low voltage power cables and control
circuit cables are rated 300 V or below. This is the common practice in industry. (Although
both 300 V and 600 V cables belong to low voltage class, 600 V cables normally carry higher
amount of power).

Criteria-For variable speed drive systems using pulse width modulated voltage, the cable from
the drive to the motor shall be routed separately from power supply feeds, as the pulse width
modulation (PWM) voltage may cause coupling onto the feeders.

Technical RationalfeThis criteria is required to prevent malfunction of affected system.
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Criteria-Conduit for power, lighting, instrumentation, and all indoor exposed conduit shall be
rigid, galvanized steel. Lighting may use electrical metal tubing (EMT) for concealed work in
non-hazardous areas, such as offices and control rooms. Generally, PVC Conduit shall be used
for underground duct banks, except PVC-coated RGS shall be used under heavy traffic areas.

Technical Rationale-This is the common practice in industry for a reliable and long lasting
raceway installation.

4.3.0.10 Duct Banks and Manholes

Criteria-For underground installation, concrete encased underground duct banks and manhole
systems shall be installed throughout the site for the pulling and protection of power, control, and
instrumentation cables. Twenty percent conduit spare capacity shall be provided for
underground duct banks.

Technical Rationale-This criteria is required to facilitate the cable routing between buildings or
facilities. This is a common practice in industry for a reliable power distribution system.
Overhead distribution lines are minimized to prevent interference with above ground activities.

Criteria-The cables between the YU? main switchgear building in 230 kV and 138 kV
switchyard and each stand alone building shall be installed in the underground duct bank system.
The exceptions are power distribution lines from main switchgear building to Balance of Plant
area, other portal areas, and other remote areas as required.

Technical Rationale-This criteria is required to optimize between cost and system integrity.
This is the common practice in industry for a reliable power distribution system. Overhead
distribution lines are minimized to prevent interference with above ground activities. The
exceptions are where the land is not flat and duct bank installation is not practical.

Criteria-Manholes and pull points shall be used as required to facilitate cable pulling and
inspection. Their sizes and locations shall depend on associated duct banks, type and sizes of the
cables to be installed, and shall be shown on the layout drawings. The maximum distance
between manholes and pull points shall be as allowed by the NFPA 70-2002. Manholes and pull
points shall be provided with appropriate drainage. Copper grounding pad shall be provided in
each manhole. The pad shall be connected back to main ground grid by AWG 4/0 copper cable.

Technical Rationale-This criteria is required to facilitate cable-pulling activities. Grounding
provision is for the protection of personnel and equipment. This is the common practice in
industry for a reliable manhole installation.

43.0.11 Cable Segregation

Criteria-Cable trains for load groups A and B shall be routed in separate raceways. Where
space will not facilitate this separation, non-ITS load group A and B can be routed in the same
tray, using suitable barriers for separation.
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Technical Rationale-Physical separation two train cables are required to prevent common mode
failure of a cabling system for preventing a complete failure of an ITS SSCs. This is in
accordance to requirements listed in EEEE Std 384-1992 and RG 1.75 Rev 2.

Criteria-For ITS circuits, the cable and raceway segregation principles of IEEE Std 384-1992
shall be incorporated. Cabling for redundant ITS power and control circuits shall be routed'in
separate trays or conduits and may be required to be routed in separate fire zones.

Technical Rationale-Physical separation of two train cables are required to prevent common
mode failure of a cabling system for preventing a complete failure of an ITS SSCs. This is in
accordance to requirements listed in IEEE Std 384-1992 and RG 1.75 Rev 2.

4.3.1 Emergency Electrical Power Design Criteria

4.3.1.1 Emergency Electrical Power Codes and Standards

Applicable Applicable CodosStandardse, Regulatory Guides (RGs), Code
Discipline Project SSCs of Federal Regulations (CFRs)si NUREGsO, DOE Directives'.

IEEE Sd 308-2001, IEEE Std 384-1992, IEEE Std 741-1997, IEEE Std
446-1995 . IEEE Sd 484-1996, IEEE Std 485-1997 IEEE Std 323-1983,
IEEE Std 379-1994, IEEE Std 387-1995. IEEE SW 946-1992, NFPA

Emergency 801-1998
Electrical Electrical RG 1.32 Rev 2, RG 1.75 Rev 2

Poer 10 CFR 50A9
None
DOE Order 0 420.1 Change 3. DOE G 420.1-1 2000

Technical Rationale:
These codes and standards support compliance with requirements of Project Requirements Document (Curry
and Loros 2002) such as PRD-0021-04 (Information relative to codes and standards hat DOE proposes to
apply to the design and construction of GROA as required by 10 CFR 6321 (cX2)), PRD.022 and Emeigency
Electrical Power System DescrWon Document (BSC 2002b). Determination of applicable sections of these
documents will be determined during the design process and In development of design products.

2 These Regulatory Guides have been determined to be critical to the development of design products for
preliminary design. The level of conformance with regulatory positions In the Regulatory Guides wWl be
determined during Me design process and In development of design products that are Ipacted by tese
Regulatory Guides. Addressing these Regulatory Guides supports compliance with requirements in Emergency
Electrical Power System Desciption Document (BSC 2002b).

3 Addressing CFRs supports compliance with requirements In Emergency Electrical Power System Descripton
Document (BSC 2002b) and PRD.015UP015. PRD-S0151P-020, PRD-0151P-021 and PRD-005.

4 None
' Addressing these DOE Orders supports compliance with requirements of PRD-OISBP-019. Determination of

applicable sections.of this DOE Order wig be determined during the design process and In development of
design products.

Revsed QA classification presently not available. The applicable QA classification will be provided when the
revised 0-iust Is avaIlable.
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4.3.2 Switchyard and Transmission Design Criteria

43.2.1 Switchyard and Transmission Codes and Standards

Applicable Applicable CodeslStandards', Regulatory Guides (RGs)f, Code
Dlscipline Prolect SSC& of Federal Regulations (CFRs)3, NUREGsO, DOE Directivese.

ANSIEEE Sd 80-1986 (reaffirmed 1991), NFPA 70-2002
None

Electrical Switchyard & NoneTransmission
None
None

Technical Rationale:
These codes and standards support compliance with requirements of Project Requirements Document (Cuny
and Loros 2002) such as PRD-002T'004 (Information relative to codes end standards that DOE proposes to
apply to the design and construction of GROA s required by 10 CFR 6321 (c)(2)) and PRD-022.
Determination of applicable sections of these documents wll be determined during the design process and In
development of design products.

2 None
3 None
4 None
6 None

Revised QA classification presently not avallable. The applicable QA classification will be provided when the
revised 0-List Is available.

4.3.2.2 Switchyard and Transmission Design Criteria

Criteria-The switchyard shall be used to receive power via 230 kV and 138 kV overhead
transmission lines from the utility power company and NTS power loop.

Technical Rationae-This criteria is required to define the entry point of utility power
transmission lines.

Criteria-The switchyard shall be fenced and the access gate shall be locked to limit the access to
only qualified workers.

Technical Rationale-This criteria is required to protect the safety of non-job-related personnel,
as required in the NFPA 70-2002.

Criteria-The 230 kV and 138 kV power at switchyard shall be stepped down to 12.47 kV by
means of step-down transformers located in the switchyard.

Technical Rationale-This criteria is required to define the application voltage of the Facility.

Criteria-The 230 -12.47 kV step down transformer shall be the primary main transformer. It
shall supply all plant loads normally. The 138-12.47 kV step down transformer shall be the
standby main transformer. It shall supply all plant loads when the primary main transformer is
not available.
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Technical Rationale-This criteria is required to define the roles of two main step down
transformers.

Criteria-The 12.47 kV power shall be connected to the main switchgears in the switchgear
building via underground duct banks or overhead non-segregated phase bus.

Technical Rationale-This criteria is required to define the method of power line connection.

4.3.3 Normal Electrical Power Design Criteria

4.3.3.1 Normal Electrical Power Codes and Standards

Applicable Codes/Standardsi, Regulatory Guides (RGs)2, Code
of Federal Regulations (CFRsP3, NUREGsO, DOE DirecUves.

IEEE Std C2-2002. IEEE Std C37.0101-1999. ANSt C84.1-1995.
ANSlIES-RP-7-1991, ANSIAEEE SW 80-1986, IEEE SW 141-1993, IEEE
SW 142-1991, IEEE SW 242-2001, IEEE Sd 399-1997, IEEE SW 739-1995.
IEEE SW 446-1995, IEEE Std 1202-1991. NFPA 1-2000. NFPA70-2002,
NFPA 7802000. NEMA PB 1-1990, NEMA MG-1998, NEMA MG10-1994,
NEMAWC 8-1988, ANSUUL 467-1998
RG 5.44 Rev 3
29 CFR 1910 29 CFR 1926
None
None

Technical Rationale:
1These codes and standards support compliance with requirements of Prqfec Requirements Document (Curry

and Lros 2002) such as PRD-002fl.004 (information relative to codes and standards that DOE proposes o
apply to the design and construction of GROA as required by 10 CFR 63.21(cX()). PRD-022 and Emergency
Electical Power System Descfption Document (BSC 2002b). DetermInation of applicable sections of these
docunents will be determined during the design process and In development of design products.

2 These Regulatory Guides have been determined to be critical to the development of design products for
preliminary design. The level of conformance with regulatory positions In tie Regulatory Guides will be
determined during the design process and in development of design products that are impacted by these
Regulatory Guides.

3Addressing Code of Federal Regulations supports compliance with requirements In PRD-0151P-020 and
PRD-01/P-021. Determination of applicable sections of these documents will be determined during the design
process and In development of design products.

4 None
6 None
*Revised QA classification presently not available. The applicable QA classification will be provided when the

revised Q0-Ust is available.
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43A Safeguards and Security Design Criteria

4.3.4.1 Safeguards and Security Codes and Standards

Applicable Applicable CodeslStandards', Regulatory Guides (RGs)t, Code
Discipline Project SSCs of Federal Regulations CFRs)', NtUREGs', DOE Directives5.

ANSIIHFS-100-1988, ANSVIES-RP-7-1991, ICC/ANSI A117.1-1998,
UL 437-2000 UL 768-1999

Elel Safeguards and RG 5.7. Rev 1. RG 5.12 Rev 0, RG 5.44 Rev 3, RG 5.65 Rev 0
Electncal Securilt 29 CFR 1910, 29 CFR 1926 10 CFR 73

None
None

Technical Rationale:
s These codes and standards support compilance with requirements of Proect Requirements Document (Curry

and Loros 2002) such as PRD.0021T-004 (information relative to codes and standards that DOE proposes to
apply to the design and construction of GROA as required by 10 CFR 6321(c)(2)) and PRD-022
Determination of applicable sections of these documents will be determined during the design process and In
development of design products.

2 These Regulatory Guides have been determined to be critical to the development of design products for
preliminary design. The level of conformance with regulatory positions In the Regulatory Guides will be
determined during the design process and in development of design products that are mpaded by these
Regulatory Guides.

3 Addressing Code of Federal Regulations supports complIance with requirements in PRD.015P-020 and
PRD-015JP.021. Determination of applicable sections of these documents will be determined durin the
design process and in development of design products.

4 None
5 None
*Revised QA classification presently not available. The applicable QA classification will be provided when the

revised 0Lst is available.

4.3A.2 Safeguards and Security Design Criteria

Criteria-Site physical barriers, building and perimeter surveillance systems and cameras,
intrusion detection devices, intrusion alarms, access control system, hazardous material tracldng
system, and radiological safety and control systems shall be provided.

Technical Rational-This criteria is required to define the scope of safeguard and security
system for the plant security, general and facility personne.

Crieria-Access to the buildings that make up the YM facility shall be via automatic turnstiles
actuated by individual passes under the supervision of a single building access control system.
The access control system shall have the capability of granting or denying access at all points on
an individual basis. The system shall record locations of personnel for the purposes of roll call
following an incident Access to this information shall be provided at the relevant security
points.

Technical Rationale-This criteria is required to define the access control equipment.

Criteria-The facility shall be provided with a Safeguard and Security Room facility, separate
from the Central Control Room (CCR), which will house the Central Alarm Station (CAS). The
SSR facility shall have substantial penetration resisting walls, doors, ceilings and floor. The
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interior of the CAS shall not be visible from outside the protected area. The CAS shall monitor
and assess system surveillance, detection, access/egress, and all other security alarm functions.

Technical Rationale-This criteria is required to monitor all functions of the safeguard and
security requirements of the MGR facility.

Criteria-To provide system redundancy, the facility shall be provided with a Secondary Alarm
Station (SAS) which shall be located inside the protected area and close to the facility access
point. The SAS shall monitor and alarm the same security alarming functions provided by the
CAS, and shall be provided with the same physical construction attributes.

Technical Rationale-This criteria is required to provide redundancy to the Central Alarm
Station.

4.3.5 Electrical Support Design Criteria

43.5.1 Electrical Support Codes and Standards

Applicable Applicable Codes/Standards', Regulatory Guides (RGsf, Code
Discipline Project sSCs of Federal Regulations CFRse, NUREGs, DOE Directives'

. ~IEEE C2-2002, ANSI C84.141995, EEE Sd 141-1993, EEE S i 42-1991,
IEEE Ski 242-01, IEEE SWc 446-1995, EEE SW 739-1995, ES-1987
(Kaufman, et l.), IEEE S 1202-1091, NFPA I-MO0, NFPA rO-2O02Z
NFPA 780-2D01, ANSLIESA-l7-t991, ANSitNEUA 25O1997, ANSlUM

Electrical Electrical 467-1998
Support None

29 CFR 1910, 29 CFR 1926
None
DOE Order 420.1

Technical Rationale:
'These codes and standards support compliance with requirements of wed Requdrements Document (Curry

and Loros 2002) such as PRD-002/r-004 (information relative to codes and standards that DOE proposes to
apply to the design and construction of GROA as required by 10 CFR 63.21(c)(2)) and PRD-022.
Determination of applicable sections of these documents will be determined during the design process and In
development of design products.

2 None

3'Addressing Code of Federal Regulations supports compliance with requirements in PRD-0151P-020 and
PRD-015iP-021. Determination of applicable sections of these documents will be determined during the
design process and In development of design products.

4 None.
5Addressing this DOE Order supports compliance with requirements of PRD-018M-019. Determination of

applicable sections of this DOE Order will be determined during the design process and n development of
design products.

'Revised QA classification presently not avaIlable. The applicable QA classification will be provided when the
revised 0-ist Is available.
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43.6 Communication Design Criteria

43.6.1 Communication Codes and Standards

Applicable Applicable Codes/Standards', Regulatory Guides (RGs)f, Code
Discileine Prolect SSCs of Federal Regulations CFRs) , NUIREGs, DOE Directives'

TiWEIA Telecommunicatons Building Wirin Sandards; (TWEIA-US-1,
TlWEiAB2, TWEIA-583). ANSIIANS-57.9-1992, IEEE SdS
B02.3ae-2002, NFPA 0-2002, YFPA 75-199g,'

Electrical Communications RG 1.29 Rev3, RG 1.118 Rev3, RG 1.160 RevO
None
None
None

Technical Rationale:
s This codes and standards support compliance with requirements or Project Requiements Document (Cury

and Loros 2002) such as PRD-002/T-004 (Information relative to codes and standards that DOE proposes to
apply to the design and construction of GROA as required by 10 CFR 6321 ()2)) and PRD-i
Determination of applicable sections of this document wili be determined during the design process and n
development of design products.

2 These Regulatory Guides have been determined to be critical to the development of design products for
preliminary design. The level of conformance with regulatory positions In the Regulatory Guides will be
determined during the design process and In development of design products that ae Impacted by these
Regulatory Guides.

3 None.
4 None
4 None

'Revised qA classification presently not available. The applicable OA classification will be provided when the
revised Q-List Is avallable.

43.6.2 Central Communications Room

Criteria-The surface and subsurface areas Ihall have the capability to communicate via a
common Central Communications Room (CCR) located on the surface.

Technical Rationale-A surface located CCR is provided to house various conummtications
Structures, Systems, or Components (SSCs) and serve as a primary interface point with other
systems to provide fully integrated operations.

4.3.6.3 Public Address System

Criteria-The Public Address (PA) system shall be designed to broadcast emergency
notifications, announcements, and information over a hard-wired system. ThE PA system shall
include amplifiers, nicrophones/handsets, loudspeaker units, and may provide visual area
warning and message lights.

Technical Rationale-A PA system is provided to broadcast emergency notifications,
announcements, and information throughout selected buildings and areas to assist with the
day-to-day management and operation of the Monitored Geologic Repository (MGR). Visual
area warning and message lights may be required in high-noise areas.
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4.3.6.4 Surface Telephone System

Criteria-The MGR subsurface telephone system shall be designed to provide voice
communications between various subsurface areas. Acoustical booths, loud ringers, and/or
visual signaling devices shall be provided in high-noise areas. A communications link between
the surface and subsurface telephone systems shall be provided

Technical Rationale-A subsurface telephone system is provided to establish voice
communications between the surface and subsurface to assist with the day-to-day management
and operation of the MGR.

4.3.6.5 Radio Communications

Criteria-Radio communications with the surface and subsurface areas shall be provided via
wireless radio frequency OR and other similar technologies.

Technical Rationale-A radio transmission system is provided to allow communications
throughout the MGR to assist with day-to-day management and operation.

4.3.6.6 Closed Circuit Television System

Crieria-Closed Circuit Television (CCTV) cameras shall be located to give optimum viewing
angles to support MGR operations. Monitors shall be provided at various surface and subsurface
locations to provide local or remote monitoring capabilities.

Technical Rationale-A CCrV system is provided for remote viewing of equipment and
operations within surface and subsurface areas. Camera control features (e.g. pan, tilt, zoom,
etc.) are selectable at any location where an operator requires a variable view to assist in
operations.

4.3.6.7 System Architecture

Criteria-The communications system shall have an open, non-proprietary architecture.

Technical Rationale-An open, non-proprietary system architecture will avoid potential
technology obsolescence, as well as allow the PA, telephone, radio, and CCTV systems to be
integrated together (if required).

4.3.6.8 System Hardware

Criteria-The communications system shall have spare installed capacity and space for future
growth and expansion.

Technical Rationale-The MGR will be constructed in phases. Spare installed capacity and
space for future growth and expansion is required to support MGR operations as additional
phases are added.
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Cteria-The communications system shall be comprised of modular components to allow
provisions for future upgrades, refrbishment, or replacement.

Technical Rationale-Communications SSCs will be modular in order to permit online
replacement and maintenance.

Criteria-Various portions of the communications system shall be designed with radiation
hardened and environmentally qualified SSCs.

Technical Rationale-Various communications SSCs will be located in high radiation or
demanding environmental locations. Radiation hardened and environmentally qualified SSCs
susceptible to radiation and various environmental elements can withstand and operate in the
environment in which that SSC is installed.

4.3.6.9 System Power

Criteria-The communications system shall receive normal and UPS power fom the Electrical
Power System.

Technical Rationale-The communications system shall be capable of performing its intended
functions during loss of normal power by relying on the UPS.

4.3.6.10 Interface with Other Systems

Citeria-The communications system shall interface with other waste management systems via
an open, non-proprietary network protocol.

Technical Rationale-The communications system will interfiLce with other waste management
systems to provide for the necessary data exchange between their elements.
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4A FABRICATION AND MATERIALS DESIGN CRITERIA

Applicable Applicable CodeslStandardse, Regulatory Guides (RGs)f, Code
DIsciplIne Project SSCs of Federal Regulations (CFRs , NUREGs4, DOE Directives.

ANSI N14.6-1993. ANSVAISC N690-1994, ANSIANS-55.1-1992,
ANSI/ANS-55.6-1993, ANSUANS-57.1-1892, ANSUANS-57.7-1998,
ANSIANS-57.9-1992, AWS D1.11D1.1M-2002 ASME AG-1-1997, ASME
N509-1989, ASME NOG-1-2002. ASTM C 1217.00, CMAA70-2000,

Materials and Fsbriation and CMM-74-2000, ICC-2000 ffBC)
Fabrication Materlals RG 1.71 Rev 0. RG 1.143 Rev 2, RG 3.28 Rev 0. RG 3.29 Rev 0, RG 3.60
Technology Rev 0

None
I None

None
Technical Rationale:

These codes and standards support compliance wih requirements of Proect Requirements Document (Curry
and Lows 2002) such as PRD.002r004 (information relative to codes and standards at DOE proposes to
apply to te design and construdion of GROA as reQuired by 10 CFR 63.21 (c)(2)) and PRD-022. Determination
of applicable sections of these documents will be determined during the design process and in development of
design products.

2 These Regulatory Guides have been determined to be critical to the development of design products for
preliminary design. The level of confornance with regulatory positions In the Regulatory Guides will be
determined during the design process and In development of design products that are Impacted by these
Regulatory Guides.

3 None
4 None

None
Revised QA classification presently not available. The applicable OA classification will be provided when the
revised Q-Ust Is available.
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4.5 GEOTECHNICAL DESIGN CRITERIA

4.5.1 Geotechnical Codes and Standards

Applicable Applicable CodeslStandardse, Regulatory Guides (RGs)2, Code
Discipline Project SSCs of Federal Regulations (CFRs) 3, NUREGs4, DOE Directives"

ICC-2000 (IBC), ACI 209R-92, ACI 223-98, ACI 31 31 8R-02, ACI
349.01, AC 5062-95, ACI 506R-90, AISC 1997. ASTM A 36/A 36M-01,
ASTM A 5721A 572M-01. ASTM A185-01, ASTM A820-01, ASTM C
1240-01, ASTM C 150-02, ASTM C 494/C 494M-99a, ASTM C 845-96,
ASTM E 13899, ASTM F 432-95, MIL-STD-1472E-1996. UCRL-15673

Geotechnical Geotechnical * (Bonarra et sl. 1985)
RG 128 Rev 3
29 CFR 1910, 29 CFR 1926
None
None

Technical Rationale:
1 These codes and standards support compliance wIth requirements of Prjed Requdrements Document Cury

and ros 2002) such as PRD-002rr04 (Information relative to codes and standards hat DOE proposes to
apply to the design and constbuction of GROA as required by 10 CFR 63.21(c)X2)) and PRD-022.
Determination of applicable sections of these documents will be determined during the design process and in
development of design products.

2 These Regulatory Guides have been determined to be critical to the development of design products for
preliminary design. The level of conformance with regulatory positions In the Regulatory Guides will be
determined during the design process and in development of design products that are Impacted by these
Regulatory Guides.

3 Addressing Code of Federal Regulations supports compliance with requirements in PRD-015/P.020 nd
PRD-0151P-021. Determination of applicable sections of these documents will be determined during the design
process and in development of design products.

4 None
6 None

oRevsed QA clssification presently not avalable. The applcable QA classification will be provided when De
revised Q-Ust is available.

4.5.2 Geotechulcal Design Criteria

4.5.2.1 Functional and Performance Criteria

Criteria-The ground control system shall be designed to maintain adequate operating envelopes
through permanent closure for the following subsurface openings: emplacement drifts, access
mains, portals and access ramps, exhaust air mains and raises, ventilation shafts, performance
confirmation openings, and miscellaneous support openings. The system shall allow for the
expected variations in excavated opening dimensions, lining thickness, alignment, and
deformation.

Technical Rationale-10 CF 63.11 l(eXl) requires that the waste retrieval option be
maintained. This requires safe access to waste packages, transportation vehicles, and installed
components for purposes of testing, inspection, and maintenance. The ground control system
maintains safe access to the emplacement drifts, as well as all other subsurface openings.
Therefore, this criterion supports this requirement.
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Criteria-The system shall include provisions, which support a deferral of closure for up to
300 years after the start of waste emplacement, with appropriate monitoring and maintenance.

Technical Radonale-This criteria in, Curry, P.M. and Loros, E.F. 2002. Project Requirements
Document, PRD-014/T-007, establishes the maximun length of time that the system will have to
operate to provide safe accessibility of stable underground openings for these purposes.

Critera-The ground control system shall accommodate geologic mapping of emplacement drifts
so the maximum distance between mapped emplacement drifts does not exceed 300 m, geologic
mapping of 100 percent of non-emplacernent drift openings, and the observation/recording of
rock mass conditions during construction and operation.

Technical Rationale-10 CFR 63.132(a) requires that a continuing program of surveillance,
measurement, testing, and geologic mapping be conducted to ensure that geotechnical and design
parameters are confirmed, and to ensure that appropriate action is taken to inform the
U.S. Nuclear Regulatory Commission of changes needed in design to accommodate actual field
conditions encountered. Thus, a criterion to allow for geologic mapping is needed because the
ground control design impacts mapping capabilities. The rationale for the maximum 300 m
distance between mapped emplacement drifts is that this frquency of mapped drifts will ensure
the detection of features (e.g., faults) anticipated to possibly affect repository performance. The
rationale for mapping 100 percent of the non-emplacement drift openings is to provide
appropriate coverage for the confirmation of rock mass quality conditions and firacture statistics.

Criteria-The ground control system shall provide for the monitoring of ground control
performance parameters including, as a minimum, opening convergence, ground support and
rock temperatures, and ground support loads, for design and performance confirmation.

Technical Rationae-To comply with 0 CFR 63.111(d) and 0 CFR 63.132(e),- in situ
monitoring of the thermomechanical response of the underground facility is required. 'This
criterion is provided to ensure monitoring capabilities of ground control performance parameters.
The parameters to be monitored include opening convergence, ground support and rock
temperatures, and ground support loads. Opening convergence is monitored to ensure that the
required clearances are being maintained. Ground support and rock temperatures are monitored
to confirm thermal stress design limits are not being exceeded. Ground support loads are
monitored to confirm actual loads are within design limits.

Criteria-The ground control system shall be designed for the appropriate worst case combination
of in situ, thermal, seismic, construction, and operation loads.

Technical Rationale-This system prevents the rock falls in the emplacements drifts that could
lead to an annual dose beyond statutory limits. The geologic repository has to be designed for a
rock fall in the emplacement drifts in excess of the waste packages design limit. Furthermore,
system safety requires that all the underground openings be designed to minimize the potential
for deleterious rock movement or fracturing, so that operations can be carried out safely. This
criterion is provided to ensure that ground control is designed to withstand the worst-case loads
and load combinations.
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Criteria-The ground control system for emplacement drifts shall consider the following factors
of safety margin in design:

Load Type Concrete Steel

Static Loads (in situ + thermal) 2.0-2.5 1.4- 1.8

Static plus Dynamic Loads ( in situ + thermal + seismic) 1.2 -1.5

Technical Rationale-All MGR systems, structures, and components should be designed and
fabricated in accordance with applicable engineering principles and practices, particularly those
that incorporate system safety. This criterion provides safety margin factors that are
conservative for the design of the emplacement drift ground control system. These safety factors
are the recommended factors in Preclosure Seismic Design Methodology for a Geologic
Repository at Yucca Mountain, Topical Report YP/TR-003-NP, 1997, for components of the
emplacement drift ground control system.

Criteria-The ground control system for non-emplacement openings shall be designed for safety
factors compatible with maintenance plans.

Technical Rationale-The safe maintenance of the ground control system in the
non-emplacement openings is an important consideration in repository operations. This criterion
will ensure that the system design will permit the safe maintenance of the system

Criteria-The inspection plan and maintenance strategy shall be an integral part of ground control
design.

Technical Rationale-The design of the system should facilitate the planned inspection and
maintenance of the system. This criterion will assist in ensuring that the design will be
compatible with conducting planned inspections and maintenance during repository operations.

Criteria-As part of the performance confirmation program, the geotechnical instrumentation
program shall be designed to confirm sensitive design parameters, including thernomechanical
responses and strength degradation of the rock mass.

Technical Rationale-10 CFR 63.111(d) requires that a Performance Confirmation Program be
implemented within the geologic repository operations area through permanent closure.
10 CFR 63.132(a) states that a specific requirement of this Performance Confirmation Program is
to provide a continuing program of surveillance, measurement, testing, and geologic mapping
during repository construction and operation to confirm geotechnical and design parameters,
including the thermomechanical responses and strength degradation of the rock mass. This
criterion will ensure that the geotechnical instrumentation system will provide the necessary
monitoring data for the confirmation of these parameters.

4.5.2.2 Important to Safety Criteria

Criteria-The ground control system shall be designed to prevent such a rockfall in the
emplacement drifts that either initiates a stress corrosion crack or causes a breach of the waste
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package during the preclosure period. The rock block size or weight will be determined by the
Performance Assessment and will be added later.

Technical Rationale-The system is relied upon to eliminate the credibility of an event sequence
resulting from a large block fall on the waste packages in excess of their design limit, causing
either stress corrosion cracks or breaches during the preclosure period. This criterion supports
10 CFR 63.112(eX8) by ensuring that the waste packages will perform their intended safety
functions, assuming the occurrence of event sequences

Criteria-The ground control system shall use materials having acceptable (i.e., acceptability
based on the results of waste isolation site impact evaluations) long-term effects on waste
isolation.

Technical Rationale-1 0 CFR 63.113(b) requires the engineered barrier system to be designed so
that, working in combination with natural barriers, it will limit the expected annual dose after
permanent closure. Ground control materials remaining after permanent closure may have
chemical or other effects on the ability of the engineered and natural barriers to provide this
assurance. This criterion ensures that the ground control materials do not impede the long-term
waste isolation performance of the engineered and natural barriers.

Criteria-The ground control system shall be designed to withstand a design basis earthquake, as
appropriate to the seismic frequency classification assigned to a specific SSC, shown in
Section 4.2.2.2.

Technical Raionale-10 CFR 63.112(e)(8) requires that the performance analysis of SSCs that
are important to safety include consideration of the "ability of structures, systems, and
components to perform their intended safety functions, assuming the occurrence of event
sequences." 10 CFR 63.111(a) and 10 CFR 63.111(b) require that the repository be designed for
different frequency categories of event sequences during the preclosure period, in order to ensure
that radiation exposures will not exceed acceptable limits in the geologic repository operations
area. This criterion establishes the applicable frequency categories for seismic event sequences.

4.5.2.3 Conventional Quality Criteria

Criteria-The ground control system shall be designed to prevent rock falls that could potentially
result in personnel injury.

Technical Rationale-System safety requires that the underground openings be designed to
minimize the potential for deleterious rock movement or fracturing, and so that operations can be
carried out safely. To provide for safe operations, this criterion ensures a system design that
minimizes the potential of immediate or progressive failure (due to gradual deterioration) of the
surrounding rock mass and deleterious rock movement that could result in unsafe subsurface
conditions.

Criteria-The system shall use noncombustible and heat resistance material as defined by
ASTM E 136-99, Standard Test Methodfor Behavior ofMaterial in a Vertical Tube Furnace at
7500C.
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Technical Rational-System safety requires, to the extent practicable, the geologic repository
operations area be designed to incorporate the use of noncombustible and heat resistant
materials. Ground control material is prevalent underground, and it is important to fire safety
that the material be noncombustible and heat resistant. Material is considered noncombustible
per "Standard Test Method for Behavior of Materials in a Vertical Tube Furnace at
750 [degrces] C" (ASTM E 136-99), which is a standard accepted by the NRC. This criterion
contributes to underground fire safety.

4.5.2.4 Environmental Criteria

To be provided later.

4.5.2.5 System Interfacing Criteria

Criteria-The ground control system shall interface with the Subsurface Tunneling System to
accommodate opening orientation, configuration, and excavated opening sizes.

Technical Rationale-The subsurface excavated drift opening size, drift configuration, and drift
orientation have a significant impact on ground control design. This criterion ensures this
system interfaces with the Subsurface Tunneling System with respect to these parameters.

Criteria-The system shall interface with the Emplacement Drift System to ensure compatible
ground control material.

Technical Rationale-To comply with the postclosure performance requirements of
10 CFR 63.113(b), the interface between this system and the Emplacement Drift System has to
ensure that ground control materials are compatible with long-term waste isolation objectives.
The ground control material used in the emplacement drifts will remain there during the
postclosure period. Therefore, this criterion ensures a system design that does not impede the
long-term performance of the Emplacement Drift System.

Critera-The system shall interface with the MGR Operations Monitoring and Control System,
using appropriate signal protocols, to ensure proper transmission of ground control instrument
readings.

Technical Rationale-This criterion requires the system to interface effectively with the MGR
Operations Monitoring and Control System, in order to ensure the proper transmission of ground
control instrument readings.

Criteria-The system shall interface with the Waste Emplacement/Retrieval System to support
waste emplacement operation.

Technical Rationale-System safety requires the underground openings be designed to minimize
the potential for deleterious rock movement or fracturing, so that operations can be carried out
safely. The system interfaces with the Waste EmplacementIRetrieval System to support safe
waste emplacement operations. This interface includes consideration for preventing adverse
rocking and shifting of the inverts for waste package emplacement operations.
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Crieria-The system shall interface with the Subsurface Excavation System to ensure safe
ground support installation.

Technical Rationale-System safety requires that the underground openings be designed to
minimize the potential for deleterious rock movement or fracturing, so that ground support
installation can be carried out safely. The system interfaces with the Subsurface Excavation
System to ensure safe ground support installation during drift excavation operations.

4.5.2.6 Operational Criteria

Criteria-The ground control system for emplacement drifts shall be designed to function without
planned maintenance during the operational life, while providing for the ability to perform
unplanned maintenance in the emplacement drifts on an as-needed basis.

Technical Rationale-After waste emplacement, the environmental conditions in the
emplacement drifts will be too harsh for human entry. Therefore, planned ground control
repairs, which would require retrieving waste packages, should be avoided, or at least
minimized. This criterion ensures the system is designed to function during the preclosure
period without planned maintenance. Due to the length of time of this design and the number of
unknown factors that can impact ground control (e.g., amount of convergence, ground relaxation,
seismic conditions), system design has to account for the inherent uncertainties. Therefore,
ground control design will not prevent the ability to perform unplanned maintenance, if required.

Criteria-The ground control system shall accommodate the maintenance of non-emplacement
openings.

Technical Rationale-Due to the possibly long operational life of this system, this criterion is
provided to allow or accommodate either planned or unplanned maintenance of this system in the
non-emplacement openings. This will ensure the safe accessibility of the subsurface tunneling
system over the operational life of the repository.
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4.6 INSTRUMENT AND CONTROL DESIGN CRITERIA

4.6.1 Digital Control and Management Information System (MIS) Design Criteria

4.6.1.1 Digital Control and MIS Codes and Standards

Applicabl Applicable CodeslStandards', Regulatory Guides (RGs)2, Code
Discipline Prolect SSC of Federal Regulations ICFRs)', NUREGs, DOE Directives'.

ANSVANS-57.9-1992, ANSISA S84.01-1996. IEEE Std 802.3ae 2002,
NFPA 70-2002. NFPA 75-1999
RG 1.12 Rev 2 RG 1.21 Rev 1, RG 1.23 Rev 0 RG 1.29 Rev 3 RG 1.62

Instrumentation Digital Control & Rev 0. RG 1.118 Rev 3. RG 1.189 Rev 0, RG 4.1 Rev 1, RG 6.44 Rev 3,
and Control MIS RG 8.8, Rev 3. RG 8.25 Rev 1. RG 8.5 Rev I

None
None
None

Technical Rationale:
These codes and standards support compliance with requirements of Prject Requirements Document (Curry
and Loros 2002) such as PRD-002rt-004 information relative to codes and standards tat DOE proposes to
apply to the design and construction of GROA as required by 10 CFR 6321 (X2)), PRD-022 and Digtal
Controf and Management Information System Descrption Document (BSC 2002j). Determination of applicable
sections of these documents will be determined during the design process and In development of design
products.

2 These Regulatory Guides have been determined to be critical to the development of design products for
preliminary design. The level of conformance with regulatory positions In the Regulatory Guides will be
deternined during the design process and In development of design products that are Impacted by these
Regulatory Guides.

3 None
4 None
6 None

Revised OA classification presently not available. The applicable 0A classification will be provided when o
revised 0-ist Is available.

4.6.1.2 Central Control Center

Criteria-Central Control Center (CCC) shall be provided for the facility and shall be located on
the surface. Surface and subsurface Important to Safety (TS) and Conventional Quality (CQ)
systems shall be monitored from the CCC.

Technical Ratonale-This criteria is required to provide a central control center for facility
operations.

Crteria-The CCC shall house multiple operator consoles. Each console shall have the ability to
access and control functions available in the system. A multilevel user password system shall be
provided to control access to specific functions. A minimum of one system printer shall be in the
CCC. The CCC shall be environmentally controlled.

Technical Radonaie-This criteria is required to define ITS and CQ operator console stations.

Criteria-An Engineering Configuration Room (ECR) shall be provided separate from the CCC.
The Engineering Configuration Room shall be envirornentally controlled.
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Technical Rationale-This criteria is required to separate the facility operations from the group
performing engineering configuration work.

Criteria-There shall be a raised floor in the CCC area.

Technical Raional-This criteria is required to facilitate the routing of cables. This practice is
commonly used in the industry to provide easy access to cables and ease of installing future
cable requirements.

4.6.1.3 Important to Safety/Conventional Quality Systems

Criteria-Control of ITS systems.shall be maintained during and after the occurrence of
Category 1 and Category 2 event sequences. All TS systems shall be combined as a group
separate from CQ systems. This includes equipment/components and power requirments. ITS
systems shall be monitored and may be controlled partially, only to bring about a safety
shutdown mode. Note: Robotic control of each iTS system shall be done at the local control
panel.

Tecknical Rationale-This criteria is required to define the control components of all ITS
systems.

4.6.1A System Design Criteria

Criteria-The system shall provide alarms, operator messages, and status indications.

Technical Rationale-This criteria is required to provide the CCC a plant wide capability to
inform a specific area or the general area of any abnormalities or off-normal events.

Criteria-The system shall provide data logging and trending.

Technical Ratonale-This criteria is required to collect and provide backup storage for
operational data and data related to ITS, CQ, and performance confirmation.

Criteria-System components that could be a single point of failure shall be redundant. The
requirement for redundancy includes processors, power supplies, network cables, and network
interface devices. This practice is commonly used in the industry. Use of redundant
input/output (I/O) modules and redundant transmitters shall be evaluated on a case-by-case basis.

Technical Rationale-This criteria is required to assure system reliability.

Crteria-The system shall have spare installed capacity. This includes spare capacity for 110
modules, terminations, and controllers.

Technical Rationale-This criteria is required to accommodate inediate future growth. This
practice is commonly used in the industry.

Criteria-The system shall have space for future growth. This shall include 1/0 space and
allowance for additional nodes.
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Technical Rationale-This criteria is required to accommodate long term future growth capacity.

Criteria-The system shall be comprised of filly modular components.

Technical Rationale-This criteria is required to allow provisions for future upgrades or
refurbishment.

Criteria-The system components shall be removable and installable under power.

Technical Rationale-This criteria is required to enable online replacement and maintenance of
components. This will reduce or eliminate down time.

Criteria-The system components subject to radiation shall be hardened material.

Technical Rationale-This criteria is required such that components susceptible to radiation can
withstand and operate in the radiation environment in which the component is installed.

Criteria-The system shall provide built-in-test capabilities and perform self-diagnostics.

Technical Rationale-This criteria is required to perform system maintenance and trouble
shooting without affecting the performance of the system.

Criteria-The system shall provide the ability to make configuration changes.

Technical Rationale-This criteria is required to facilitate periodic adjustment and/or
reconfiguration of the system or part of the system either at the CCC or ECR.

4.6.1.5 System Power

Criteria-The system shall receive normal and UPS power from the Site Electrical Power System.

Technical Rational-This criteria is required for surface and subsurface repository operations
involving ITS systems. The DCMIS intended for TS systems shall be capable of performing its
intended functions during loss of normal power or after the occurrence of Category 1 and
Category 2 event sequences.

4.6.1.6 Interfaces

Criteria-The system shall interface with other waste management systems. The interface to
these systems shall be via an opened, non-proprietary network protocol. System shall be able to
interface with various off-site locations

Technical Rational-This criteria is required to monitor and provide the necessary data
exchange between systems within the facility.
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4.6.2 RadiationlRadiological Monitoring Design Criteria

4.6.2.1 Radiation/Radiological Monitoring Codes and Standards

Applicable Applicable Codes/Standards', Regulatory Guides (RGs)2, Code
Discipline Project SSCB of Federal Regulations (CFRs)", NUREGsO, DOE Dlrectves.

Instrumentation Radiation/ ANSI/ANS 57.9-1992, ANSVANS-HPSCC-6.8.1-1981, ANSI N32041M,
and Control Radiological ANSI N42.18-1980 (Reaffirmed 1991), ANSI/ANS 8.3-1997. IEEE Std

Monitoring 802.3ae 2002, NFPA 70-2002
RG 1.21 Rev 1, RG 1.29 Rev 3. RG 1.62 Rev 0. RG 1.118 Rev 3. RG 1.180
Rev . RG 4.1 Rev 1. RG 825 Rev 1. RG 8.5 Rev I
10 CFR 20
None

____ ____ ___ ____ ____ None

Technical Rationale:
These codes and standards support compliance with requirements d Profect Requirements Document (Cuny
and Loros 2002) such as PRD-0021T-004 (information relative to codes and standards that DOE proposes to
apply to the design and construction of GROA as required by 10 CFR 6321 (c)(2)), PRD-022 and
Radiatfon~adibogica! Monhat System Description Document (BSC 2DD2p). Determination of applicable
sections of these documents will be determined during the design process and in development of design
products.

2 These Regulatory Guides have been determined to be crtical to the development of design products for
preliminary design. The level of conformance with regulatory positions In the Regulatory Guides wii be
determined during the design process and hI development of design products that are ipacted by these
Regulatory Guides.

3 Addressing Code of Federal Regulations supports compliance with requirements in PRD-O015P-020 and
PRDO0151P-021. Determination of applicable sections of these documents will be determined during the
design process and in development of design products.

4 None
6 None
* Revised QA dassification presently not available. The applicable QA classification will be provided

when the revised 0-List is available.

4.6.2.2 Area Radiation Monitors

Criteria-Area radiation monitors (ARMs) shall be provided where required throughout the
surface and subsurface facilities.

Technical Rationale-This criteria is required to ensure adequate coverage of areas where
radiation exposure to personnel is expected.

Criteria-Each monitor shall have local audible and visual alarms.

Technical Rationale-This criteria is required to alert individuals in the vicinity of the monitor
that immediate action is necessary to minimize exposure to gamma radiation.

Criteria-The ARMs shall be located where there is the potential for a sudden change in radiation
fields, in normally occupied area.

Technical Rationale-This criteria is required to minimize excess instrumentation in
non-occupied areas.
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Criteria-The monitors shall provide output signals representing radiation levels along with high
level and instrument fault alarms.

Technical Rationale-This criteria is required to provide the Digital Control and Information
System (DCMIS) Central Control Center (CCC) an indication that an abnormality or off-normal
event has occurred in a specific or general area of the Radiation/Radiological Monitoring (RRM)
ARM system.

Criteria-Signals from each monitor shall interface to the DCMIS.

Technical Rationale-This criteria is required to collect and provide data to the DCMIS for
backup storage, trending and performance confirmation.

4.6.23 Continuous Air Monitors

Criteria-Continuous air monitors (CAMs) shall be provided where required throughout the
surface and subsurface facilities.

Technical Rationale-This criteria is required to ensure adequate coverage of areas where
exposure to airborne radioactive particulate matter is expected.

Criteria-Each monitor shall have local audible and visual alarms.

Technical Rationale-This criteria is required to alert individuals in the vicinity of the monitor
that immediate action is necessary to minimize exposure to airborne radioactive particulate
matter.

Criteria-The CAMs shall be located where there is a potential for uptake of airborne radioactive
particulate matter by personnel.

Technical Rationale-This criteria is required to minimize excess instrumentation in areas where
radioactive particulate matter is not expected to exist.

Criteria-The monitors shall provide output signals representing airborne contamination
concentration levels along with high level and instrument fault alarms.

Technical Rational-This criteria is required to provide the DCMIS CCC an indication that an
abnormality or off-normal event has occurred in a specific or general area of the RRM CAM
system.

Criteria-Signals from each monitor shall interface to the DCMIS.

Technical Rationale-This criteria is required to collect and provide data to the DCMIS for
backup storage, trending and performance confirmation.

4.6.2A Stack Monitoring

Criteria-The radiological stack monitoring systems will normally be provided on emplacement
exhaust shafts and ventilation extracts from the facility.
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Technical Rationale-This criteria is required to ensure adequate coverage of areas where
airborne radioactive particulate matter, radioactive iodine and noble gas releases are expected.

Criteria-The system shall continuously or intermittently sample the exhaust air for airborne
particulate radioactive particulate matter, radioactive iodine and noble gas releases.

Technical Rationale-This criteria is required to ensure proper monitoring of radioactive material
in the exhaust air.

Criteria-The system shall have the capability to alarm at a preset level and on instrument fault.

Technical Rationale-This criteria is required to provide the DCMIS CCC an indication that an
abnormality or off-normal event has occurred in a specific or general area of the stack
monitoring system.

Criteria-Signals representing the activity level and status shall be input to the DCMIS to allow
the system status to be remotely monitored.

Technical Rationale-This criteria is required to collect and provide data to the DCMIS for
backup storage, trending and performance confirnation.

4.6.2.5 Criticality Monitors

Criteria-Criticality monitors will normally be provided in areas where a substantial quantity of
fissile material is stored or handled in order to monitor the critical state of the material.

Technical Rationale-This criteria is required to ensure adequate coverage of areas where a
criticality incident is credible.

Criteria-The detectors shall have local and remote audible and visual alarm.

Technical Rationale-This criteria is required to alert individuals in the vicinity of the monitor
and other locations that immediate action is necessary to minimize radiation exposure.

Criteria-The instrument shall alarm at a preset measure of change in subcriticality or very rapid
increase in radiation level.

Technical Rationale-This criteria is required to minimize the occurrence of spurious alarms.

Criteria-Signals representing the status of criticality shall be input to the DCMIS to allow the
system status to be remotely monitored

Technical Rationale-This criteria is required to collect and provide data to the DCMIS for
backup storage, trending and performance confirmation.

4.6.2.6 Alarm Annunciation System

Criteria-The alarm annunciation system shall normally indicate the status and locate problems
with instruments within the facility's Radiation and Radiological Monitoring (RRM) system.
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TechnicalRationaL-This criteria is required to ensure proper system operation.

Crteria-An alarm annunciation system shall be provided locally (if required) and in the central
control center with the capability to monitor instrument parameters and provide alarm
information for the following items:

* area radiation monitors
* continuous air monitors
* stack effluent monitors
* criticality detectors

Technical Rationale-This criteria is required to alert the CCC operator that immediate action is
necessary to minimize personnel exposure.

4.6.2.7 System Hardware

Criteria-The RRM system hardware shall include provisions for upgrades.

Technical Rationale-This criteria is required to increase the system's operational life and
support closure deferral.

Criteria-The RRM system components shall provide self test capabilities and performance
diagnostics to verify the integrity and accuracy of the RRM data.

Technical Rationale-This criteria is required to perform system maintenance and trouble
shooting without affecting the performance of the system.

Criteria-The systefn components shall function normally if installed in radiation environments.

Technical Rationale-This criteria is required such that components susceptible to radiation can
withstand and operate in the radiation environment in which the component is installed.

4.6.2.8 System Power

Criteria-The system shall receive normal and Uninterruptible Power Source (UPS) power from
the Site Electrical Power System.

Technical Rationale-This criteria is required for surface and subsurface repository operations
involving systems that are important to safety (ITS). The ITS systems shall be capable of
performing their intended functions during loss of normal power or after the occurrence of
Category 1 and Category 2 event sequences.

Criteria-The radiationfradiological monitoring system for surface and subsurface repository
operations shall be capable of performing its intended functions during loss of normal power or
after the occurrence of Category 1 and Category 2 event sequences. All ITS systems shall be
combined as a group separate from the conventional quality systems. This includes
equipment/components and power requirements. TS systems shall be monitored and may be
controlled partially, only to bring about a safety shutdown mode.
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Technical Rationale-This criteria is required to define the control components of all ITS
systems

4.63 Environmental/Meteorological Design Criteria

4.63.1 Environmental/Meteorological Codes and Standards

Applicable Applicable CodeslStandards1, Regulatory Guides RGs) 2, Code
Discipline Prolect SSCs of Federal Regulations (CFRs)f, NUREGs4, DOE Dlrectives6

ANSVANS 57.9-1992, ANSI/ANS-3.11-2000, IEEE Std 802.3ae 2002. NFPA
70-2002, NFPA 7-1999
RG .12 Rev 2, RG 1.21 Rev 1, RG 123 RevO, RG 129 Rev 3, RG 1.62

Instrumentation Environmentall Rev 0. RG 1.118 Rev 3, RG 1.180 Rev O. RG 4.1 Rev 1, RG 8.25 Rev 1
and Control Meteorological do CFR 20

None
_ _ _ _ ~~~~None

Technical Rationale:
s These codes and standards support compliance wi requirements of PAect Requirements Doctment (Curry

and Loros 2002) such as PRD-002/T-004 (inforrnaton relative to codes and standards that DOE proposes to
apply to the design and construction of GROA as required by 10 CR 6321 (c)(2)). PRD-022 and
EnvironmentaMeteorological Monartd System Descriptkon Document (BSC 2002m). Determination of
applicable sections of these documents will be deterrmined during the design process and In development of
design products.

2 These Regulatory Guides have been determined to be critical to the development of design products for
preliminary design. The level of conformance with regulatory positions hi the Regulatory Guides will be
determined during the design process and in development of design products that are Impacted by these
Regulatory Guides.

8 Addressing Code of Federal Regulations supports compliance with requirements hi PRD.0151P-020 and
PRD-0151P-021. Determination of applicable sections of this document will be determined during the design
process and hI development of design products.

4 None
6 None
* Revised QA classification presently not available. The applicable QA classification will be provided
when the revised 0-List is available.

4.63.2 System Design Criteria

Criteria-Alarms and status information shall be provided through an operator display interface
console at the Central Control Center (CCC). The system shall record, as a minimum, the
occurrence of alarms, operator actions, alarms setting changes, faults, calibration, and
maintenance activities.

Technical Rationale-This criteria is required to provide the CCC information in protecting other
personnel against undue risk from exposure to radiation releases. The environmental and
meteorological system (EMM) may provide a hierarchy of displays ranging from an overall
mimic diagram of the facility to building and area displays, and displays showing the states of
individual monitors. The EMM will normally allow analysis of current and historical activity
measurements, alarm settings, and report generation.
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Criteria-An active internal audit circuit shall be provided to test both the detector and electronics
and provide an appropriate remote readout at the CCC.

Technical Rationale-This criteria is required to maintain the radiological instruments operations
within the established performance parameters.

Criteria-Meteorological and radiological instruments for outdoor installation shall have
weatherproof enclosures.

Technical Rationale-This criteria is required to ensure that instruments will normally operate
and will be protected from outdoor weather conditions.

Criteria-All units of similar function, including detectors, electronic modules, readout and
display devices and power supplies shall be interchangeable.

Technical Rationale-This criteria is required to minimize spare parts requirements.

Criteria-Provisions shall be made to service the equipment/devices. Construction of access way
to each equipment/devices shall be provided.

Technical Rationale-This criteria is required to provide easy access to equipment/devices
during checkout and maintenance service.

4.6.3.3 Measurement Devices

Criteria-An automatic weather station shall be used to measure wind (speed/direction), pressure,
relative humidity/temperature, atmospheric stability, and precipitation within site boundaries.

Technical Rationale-This criteria is required to monitor the weather conditions within the site
boundaries. The weather conditions and pattern will be used for dispersion analysis during
radiation releases.

Criteria-Continuous air monitors for radiation detection shall be provided within the site
boundaries.

Technical Ratonale-This criteria is required to monitor radiation releases within the site
boundaries.

Criteria-Hand held or fixed surface water radiation instrument should be provided.

Technical Raionale-This criteria is required to monitor radionuclide levels in naturally
occurring surface water bodies within the site boundaries.

Criteria-Seismic instruments shall be provided within site boundary.

Technical Rationale-This criteria is required to measure and record ground vibrations.

Project Design Criteria Document
PM-ItOC.r0 I

140 Murch 2003



00-3DR-MGRO-001004000-001

4.6.4 General Instrumentation Design Criteria

4.6.4.1 General Instrumentation Codes and Standards

Applicable Applicable CodestStandards1 , Regulatory Guides (RGs, Code
Discipline Pro ect SSCs of Federal Regulations CFRs)', NUREGs4, DOE Directives"

ANSUANS 57.6-1992, ANSiiSA S84.01-1996. NFPA 70-2002 NFPA
75-1999, ASME 2001 Section I and Vill
RG 129 Rev 3, RG 1.62 Rev 0, RG 1.118 Rev 3, RG 1.180 Rev 0, RG .5

Instrumentation General Rev I
& Control Instrumentationi None

None
None

Technical Rationale:
These codes and standards support compflance with requirements of Prfect Requirements Document (Cuny
and Loros 2002) such as PRD-002/T-004 (information relative to codes and standards that DOE proposes to
apply to the design and construction of GROA as required by 10 CFR 6321 c)(2)). PRD-022, and
PRD-013r-027. Determination of applicable sections of these codes and standards wiii be determined durig
the design process and In development of design products.

2 These Regulatory Guides have been determined to be critical o the development of design products for
preliminary design. The level of conformance with regulatory positions in the Regulatory Guides will be
determined during the design process and in development of. design products that are Impacted by #iese
Regulatory Guides.

3 None 7
4 None
6 None
*Revised QA classification presently not available. The appikable QA classificaton will be provided
when the revised Q-List is available.

4.6.4.2 Transmitters

Criteria-Whenever possible, transmitters used for any measurement application shall have a
2 wire, 4-20 mA, or digital output signal.

Technical Rationale-The output signal of 2 wire 4-20 mA for instrumentation transmitters is a
well known industry standard. 4-20 mA is a commonly accepted industry practice and is listed in
standard that has been identified and is being procured.

4.6.4.2.1 Temperature Transmitters

Criteria-Temperature transmitters shall meet the following minimum criteria:

Repeatability: +- 0.25 percent
Accuracy +1- 0.5 percent full scale
Stability: +- 0.5 percent for 50° F ambient change

Technical Rationale-These parameters for Temperature Transmitters are commonly adhered to
through out industry. Transmitters with greater criteria are available and the intent is to provide
the minimum requirements.
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4.6.4.2.2 Flow Transmitters

Criteria-Differential type flow transmitters shall normally be used for cases where remote flow
control is desired. The range specified shall normally be 100-inches of water column (WC).

Technical Rationale-Flow transmitters with 100-inches of water column (WC) are routinely
used for good rangeability.

4.6A3 Temperature Measurement

Criteria-Temperature measurement shall be primarily made by the use of either.

* Resistance temperature detectors (RTDs)
* Thermocouples (TCs).

Runs of RTD or TC wire shall be minimized. Temperature transmitters may be provided with
both RTDs and TCs. Wherever possible, these devices shall be located in sensor heads, on racks,
or within instrument enclosures.

A thermowell shall be provided, made of stainless steel or other material suitable for the process
conditions. On radioactive duties, extended thermowell guide tube(s) shall be used to allow
insertion and removal of the radioactive service thermal elements from a non-active area

Technical Rationale-Use of RTDs and TCs is good engineering practice.

4.6.4.3.1 Resistance Temperature Detectors

Criteria-Resistance temperature detectors shall normally use dual 100-0 platinum 3 wire
elements.

Technical Rationale-100 - platinum 3 wire elements have become an increasingly popular
standard for use in industrial applications because of their increased accuracy. They are widely
used in HVAC, electric motors, process control and electronic circuits.

4.6A.3.2 Thermocouples

Criteria-In general, thermocouples shall only be used on high temperature applications that have
a wide range of temperature measurement. Thermocouples shall be selected to meet the
requirements of the application.

Technical Rationale-TCs are the most commonly used method of industrial temperature
measurement in the United States. TCs are listed in standard, which has been identified and is
being procured. They are characterized by their low cost and wide rangeablilty.

4.6.433 Temperature Controllers

Criteria-Control modes shall normally be adjustable proportional control and automatic reset.
Control room mounted instruments shall be provided with adjustable derivative response.
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TechnicalRationale-This criterion is required for safe operation of slow response systems such
as temperature control. Derivative response is not normally specified for remote (local) mounted
controllers where operators may not be readily available to adjust the response during upset
conditions.

4.6A.3.4 Temperature Gauges

Criteria-Dial thermometers shall be bimetal, gas or vapor actuated. Dial thermometers shall
normally have S-inch diameter dials, white face with black markings, and be of the any-angle
type.

Technical Rationale-The use of bimetal, gas or vapor actuated thermometers with large 5" dials
is commonly used in industrial systems. Any angle facilitates the positioning of the thernometer
for ease in viewing.

4.6.4.4 Flow Measurement

4.6AA.1 Orifice Plate

Criteria-Orifice plates shall normally be installed between line-sized orifice flanges, equipped
with flange taps. The d/D, or beta ratio, should normally be between 0.2 and 0.7.

Technical Rationale-The Beta ratio of .2 to .7 is a commonly used standard for differential
orifice plate measurement Ratios below .2 are not recommended because of pressure loss.
Ratios above 0.7 are not recommended because of the reduction in differential pressure.

4.6.4.4.2 Flow Measurement In Radiation Environments

Criteria-Radiation tolerant electromagnetic flow meters or differential pressure (DP) flow
instruments with DP cells located outside the radioactive area shall be used, or other radiation
tolerant instruments housed in suitably shielded enclosures.

Technical Rationale-Isolation of electronic components from radiation is a commonly used
practice in industry to protect the instruments from degradation due to the radiation environment.

4.6.4.5 Level Measurement

Criteria-Level measurement applications vary from slurries, liquids with high salt
concentrations, highly radioactive liquids and solids, to clean liquids. The appropriate level
measurement shall generally be made by one of the following techniques:

* Bubblers-measurement of hydrostatic head
Radar (submerged waveguide and non-contact)

* Differential pressure transducers-tank gauges
* Capacitance / admittance (RF)
* Conductance
. Ultrsonic
. Laser
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Technical Rational-Non-contact radar level measurement is an accepted industry measurement
technique. Radar transmitters should be located close to the process cell to minimize error.
Advantages are the case of maintenance because the process does not contact the instrument.
Hydrostatic level measurements using bubblers shall be used where physical constraints such as
distance, tank location, or tank internals preclude the use of radar. Other level measurement
techniques indicated above shall be considered where radar or bubblers are impractical.

4.6.4.5.1 Gauge Glasses

Criteria-The visibility of the level glass shall be specified such that the glass covers the
operating range of the level instrument. In alarm and shutdown service, the visibility shall
normally cover the range of all instruments including the shutdown set points. Minimum
pressure rating shall be based on published manufacturer's pressure I temperature charts.

Technical Rationale-The gauge glass criteria stated above is a typical industry standard for
checking the accuracy and operational condition of level instruments.

4.6A.6 Pressure and Differential Pressure Measurement

Criteria-Pressure measurement shall normally be made by the use of electronic pressure and DP
transmitters. Where necessary, drain valves shall be installed at the lowest point in each
gas-containing line to facilitate moisture removal. Two- or 5-valve manifolds shall be installed
on the trianmitters for calibration purposes. Process wetted transmitters, such as pressure
transmitters, shall be located in shielded locations. For low activity waste (LAW), the
requirement for pressure transmitters to be housed within shielded enclosures shall be evaluated
based on as low as is reasonably achievable (ALARA) principles. Pressure transmitters used as
part of bubbler level/density measurements shall be located above the point of measurement (as a
design principle, a minimum of 1 barometric head above liquid surfaces) to prevent possible
moisture collection and contamination.

Technical Radonale-Transmitters used in radioactive service are designed for radiation
tolerance.

4.6.4.6.1 Pressure Gauges

Criteria-Accuracy of direct connected gauges in process service shall be at least 0.5% percent of
maximun scale reading over the entire scale. Maximum operating temperature and pressure
must be less than the rafing of the gauge. The range shall be specified so that the gauge operates
in the middle third of the scale. Normally, the maximum operating pressure should not exceed
75 percent of the full scale range. Over pressure protection shall be 1.3 times the maximum
rating to prevent set or loss of calibration from continuous over pressures. Dials shall normally
be 4-1/2 inch diameter, white face with black markings.

Technical Rationale-The criteria listed above are an accepted industry standard for good
practice in specifying pressure gauges. The criteria are commonly used in industry in the United
States.
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4.6.4.7 Density Measurement

Criteria-Gas density shall normally be specified to determine purity of hydrogen streams,
carbon dioxide in stack gas, and other purposes. Liquid density instruments shall normally be
specified when the concentration of a solution is to be determined or when density is a variable
of a process stream. Density measurement shall generally be made by one of the following
techniques:

* Bubblers-hydrostatic head
* Coriolis
* Refractometer
* Gamma ray densitometer

Technical Rationale-Bubblers are an inexpensive and versatile method of measuring density,
and the technique is commonly used in industry. Coriolis measurement of density is the mass
per unit of volume and can be measured in the flow in piping systems. Refractometers use the
turning or bending of any wave, such as a light or sound wave, when it passes from one medium
into another of different optical density (index of refraction). Gamma Ray densitometers may
have some application for measurement of density. A radioactive source is placed in a designed
location and counts from the source can be calibrated to yield density of rock for example.

4.6.4.8 Control Valves

4.6.4.8.1 Body Styles

Criteria-Cage guided globe valves shall be generally preferred.

Technical Rationale-Because of their higher capacity, low noise trim, and availability in single
port design for tight shutoff or low leakage.

Criteria-Conventional globe valves are generally preferred for large line sizes.

Technical Radonale-Conventional globe valves are readily available when larger sizes and
higher ratings are required.

Criteria-Butterfly valves shall generally be used when larger sizes, and low cost are required
(generally 4" and above). Rotation of conventional discs should be limited to 60 degrees from
the closed position. Flow characteristic of the butterfly valve should approach equal percentage.

Technical Rationale-The following features are utilized when selecting butterfly valves:

* High capacity, but lower rangeability

* High pressure drop recovery

* Should not be considered when tight shutoff is required, unless pressure and temperature
limitations allow the use of elastomer linmgs.
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Criteria-Ball Valves shall be considered.

Technical Rationale

* High rangeability
* High pressure drop recovery, good control characteristics, and tight shutoff
* Ball valves have pressure drop and temperature limitations which can restrict their use

4.6A.8.2 Valve Characteristics

Criteria-The following shall be considered in the selection of valve characteristics:

* Quick opening
* Linear characteristic
* Equal percentage

Quick opening shall be considered for On-Off service and for direct connected regulators
utilizing low lifts. Linear characteristic shall be considered for most level control, slow pressure
control loops, and loops where the measurement is linear and the variation in the pressure drop
across the control valve is small. Equal percentage may also be desirable on flow control, or
when the valve is in bypass service (valve closes to increase flow). Equal percentage is also
desirable on loops that have large variations in valve pressure drops, fast pressure control loops,
and most flow control loops. Where no guidelines are available, equal percentage is usually the
best choice.

Technical Rationale-The selection of valves is based on good engineering practice.

4.6A.8.3 Control Valve Noise

Criteria-Valves shall not produce noise in excess of 85 dBA at 3 feet unless otherwise specified
on the control valve data sheets.

Technical Rationale-This is an acceptable Industry standard for the control of noise for the
protection of plant operating and maintenance personnel.

4.6.4.9 Relief Valves

Criteria-The following general guidelines shall be used for the selection and specification of
relief valves:

* Valve vendor shall check sizing of all valves for service conditions given, including
back pressure. Valve vendor shall also check that the type of valve selected conforms to
code serving as the basis of selection

* The orifice area of safety valves on fired boilers shall be determined in accordance with
ASME 2001 Boiler and Pressure Vessel Code (BPVC)
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* The orifice area of safety relief valves in pressure vessels shall be determined in
accordance with the American Petroleum Institute. Plain lifting levels shall normally be
furnished on all safety valves for steam or air service

* All safety relief valves shall be frnished with a threaded cap over the spring adjusting
screw, unless otherwise stated.

TechnicalRationale-Relief valve vendors are commonly asked to check the sizing of their relief
valves. See Section I PT PG; Para PG-67 through PG-73.5-1998 (safety valves and safety relief
valves, and Section VIII DI A PT UG PT PG; Para PG-67 through PG-73.5-1998 (pressure relief
devices) for sizing of relief valve orifice area for fired boilers.

Standards have been identified and are being procured for sizing of orifice areas on pressure
vessels.

4.6.4.10 Analyzers

Analyzers and specialty instruments shall be used to measure the concentration of one or more
components in a process stream, or to measure some property that is of interest in meeting
specifications of the stream.

Criteria-Gas chromatographs shall generally be used when it is necessary to determine several
components simultaneously or when it is necessary to determine a component from a mixture.
Applications for gas chromatography include gas or vapor streams and liquid streams that can be
vaporized at the operating temperature of the column.

Technical Ratonale-Gas chromatographs is a generally accepted industry standard to be used
when it is necessary to determine several process components simultaneously.

Criteria-Infrared analyzers shall be used for the analysis of a single component in a gas or vapor
stream. Compounds which can be analyzed successfully by infrared include most hydrocarbons
and their derivatives, other compounds containing hydrogen and some other gases such as carbon
monoxide and carbon dioxide.

Technical Rationale-Infrared analyzers are commonly used in industrial applications for the
analysis of a single component in a gas or vapor stream. Infrared analyzers work on the principle
that the process gas absorbs infared light. The output of the infiared analyzer is proportional to
the amount of infrared light absorbed which, in turm, is correlated with the amount of the process
gas present

Criteria-Thermal conductivity analyzers shall be used for the determination of hydrogen purity.
They may also be applied to other two component determinations.

Technical Rationale-Thermal conductivity analyzers measure the specific composition of gases
using a heat conductivity method that utilizes the differences in heat conductivity among
electrically charged bodies. This principle makes the determination of Hydrogen purity
especially applicable to this type of instrument. A bridge network provides the means for

Project Design Criteria Docunent 147 March 2003
FDC onlJL



OOO.3DR-MGRO-o001O-OoO-0o1

measuring the relative ability of the sample gas and reference gases to conduct heat away from
their respective temperature sensors.

Criferia-Paramagnetic analyzers shall be used only for the determination of oxygen in gas
streams.

Technical Rationale-Thermal sensing paramagnetic analyzers is preferred because of their more
rugged construction.

Criterla-Electrochemical analyzers shall normally be used to measure the properties of water
solutions. They are also widely used for the determination of pollution. Electrolytic
conductivity shall be used to measure the total ion content of water. They shall generally be used
to measure boiler feed water, desalination plants, and waste streams.

Technical Rationae-Electrochenical analyzers are commonly used for the analysis of water
solutions in the United States. Deionized water hardly conducts electricity, but when salts are
dissolved in the water, they dissociate into ions, making the deionized water electrolytically
conductive. As the amount of salts becomes larger, the electrolytic conductivity increases. This
principal makes electrolytic conductivity the analyzer of choice to measure the total ion content
of water.

Criteria-pH analyzers shall be used generally to determine acidity or alkalinity of water
solutions. Plastic reference electrodes are preferred since they require less attention than glass
electrodes.

Technical Rationale-pH is the method used for determining the acidity or lkalinity of an
aqueous solution. The practical pH scale is 0 to 14 pH, a pH of 7.0 being neutral, neither acid
nor alkaline. Acid solutions are below 7.0 pH and alkaline solutions are above 7.0 plig

Criteria-Oxidation-Reduction potential analyzers (ORP) shall generally be used when the
presence of oxidizing or reducing agents in a solution is to be determined. These instruments
shall be used for wastewater and also for determining the condition of reacting solutions.

Technical Rationale-When metal is immersed in a solution, electric potential is detected
according to that solution. This electric potential represents the oxidation or reduction force of
the solution. This force (potential difference) is called the oxidation-reduction potential (ORP)
of the solution, from which the oxidation or reduction ability of the solution can be obtained.
This principal makes the ORP analyzer the analyzer of choice in the analysis of wastewater
streams.

Criteria-Electrolytic analyzers shall generally be used for the determination of water vapor in a
gas stream. Calibration of these instruments is generally not required since the electrical signal
is proportional to the water being electrolyzed.

Technical Rationale-Electrolytic analyzers are used for the determination of water vapor
because the measurement principle is simple and direct. Calibration of these instruments is
generally not required since the electrical signal is proportional to the water being electrolyzed.
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Criteria-Turbidity instruments or nephelometers shall generally be used when particulate
material in gases or solutions must be determined. Both absorbance and dispersion instruments
are available.

Technical Rationale-Photometers subdivide down into two basic types: absorption and
scattering. In an absorption system, a beam of light is interrupted by a sample of gas or liquid.
Light enters the sample and the amount of light leaving the sample is reduced due to scattering
and absorption when the light enters the container. The principle of scattering or absorption
when light strikes the particles makes this type of instrument ideal for turbidity measurements.

4.6A.11 Tagging

Critera-All instruments shall be provided with apermanently attached stainless steel tag. Either
stainless steel wires or stainless steel screws shall attach tags. Tags shall be stamped with a
minimum of instrument tag number, purchase order number, and purchase order item number.

Technical Rationale-This tagging method is commonly used in industry.
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4.7 MECHANICAL HANDLING

4.7.1 Mechanical & Remote Handling Design Criteria

4.7.1.1 Mechanical & Remote Handling Codes and Standards

I

Applicable Applicable Codes/Standards1, Regulatory Guides (RGs) 2, Code
Discipline Project SSCs of Federal Regulations (CFRs)f, NUREGs4, DOE Directives'.

Mechanical Mechanical & AISC 1989. ANSI N14.6-1993, ANSUANS 57.1-1992, ASME B30.2-1996.
Handling Remote ASME B30.9-1996, ASME 830.16-1993. ASME B30.20-1993. ASME

Handling NOG-1-2002. ANSUAWS D14.1-97, AREA 1997, CMAA-70-2000,
CMAA-74-2000, MIL-STD-1472E-1996, UCRL-15673 (Bongana et al.
1985)
RG 1.111 Rev 1, RG 1.25 Rev 0, RG 1.8 Rev 3. RG 3.48 Rev 1, RG 3.49
Rev 0, RG 3.71 Rev 0. RG 8.8, Rev 3
29 CFR 1910,29 CFR 1926,10 CFR 20, 10 CFR 71.49 CFR 172.49 CFR
173
NUREG-0700 1996 (NRC 1996), NUREG-0554 1979 (NRC 1979).
NUREG-0612 1980 (NRC 1980), NUREGICR-6407 (McConnell et al
189)

DOE-STD-1090-99

Technical Rationale:
These codes and standards support compliance with requirements of Project Requirements Document (Curry
and Loros 2002) such as PRD-002Tr-004 (Information relative to codes and standards that DOE proposes to
apply to the design and construction of GROA as required by 10 CFR 6321 c)(2)), PRD-022, PRD-0131T-027
and Mechanical and Remote Handling System Description Document BSC 2002c). Determination of
applicable sections of these codes and standards will be determined during the design process and In
development of design products.

2 These Regulatory Guides have been determined to be critical to the development of design products for
preliminary design. The level of conformance with regulatory positions n the Regulatory Guides will be
determined during the design process and hI development of design products that are Impacted by these
Regulatory Guides. Addressing these Regulatory Guides supports compliance with requirements hI
Mechanical and Remote Handling System Descrdtlon Document (ESC 2002c).

'Addressing Code of Federal Regulations supports compliance with requirements In PRD-015P-020 and
PRD151P-021. Determination of applicable sections of these documents will be determined during the
design process and In development of design products.

4 These NUREGs provides guidance on acceptable methods and approaches that could be utilized hi MGR
design

sAddressing this DOE Standard supports compliance with requirements of PRD-018/P-019. Determination of
applicable sections of this DOE Standard vAII be determined during the design process and in development of
design products.

Revised QA dassitication presently not available. The applicable QA classifcation will be provided when the
revised QUst Is available.

4.7.1.2 Cask Transporter Processing

Criteria

* Transportation package handling equipment shall be capable to accept all of the
transportation packages.

* Lifting yokes and hoist system shall be able to orient a cask from horizontal to vertical
position.
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* Grapples and lifing fixtures shall provide positive engagement during lift.

* Maximum lift capability of 200 tons shall be provided.

* Adequate storage space shall be provided for special tools, unique to each transportation
package.

* Cranes and other equipment shall be designed to be tested, maintained, and inspected in
accordance with industry standards and OSHA requirements such as guarding floor and
wall openings and holes.

* Means shall be provided to decontaminate external surfaces of the transportation
package, ancillary equipment, as required to meet the contamination limits of
49 CFR 172 and 49 CFR 173.

Technical Rationale-Codes and standards such as ASME B30.20-1993, ASME B30.16-1993,
CMAA-70-2000, CMAA-74-2000 and ANSI N14.6-1993 are used.

4.7.1.3 Disposal Container Processing

Criteria

* Inspection stands shall be capable of holding waste packages in horizontal position.

* Personnel lift platforms and inspection tools shall be provided.

* Lifting yokes and hoist systems shall accommodate various size waste packages
(Weight, length, & OD).

* Stands for holding/staging inspected waste packages in vertical position shall be
provided.

. Waste package lifting collar loading machine shall be capable of handling lift collars,
weighing up to 4000 pounds.

Technical Rationale-ASME B30.9-1996, ASME B30.16-1993, and DOE-STD-1090-99 provide
details for extremely complex, critical, and hazardous hoisting and rigging operations as
applicable to various handling operations including handling of waste packages.

4.7.1.4 Dry Waste Transfer

Critia

* The material shall withstand the cumulative effect of radiation exposure anticipated over
their design life.

* Capability for emergency shutdown of the lifting and handling equipment power supply
(i.e., manual disconnect) shall be incorporated into the equipment design.
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* If provision for remote maintenance is not provided, handling equipment for fuel units
and transportation package closure lid(s) shall have sufficient redundancy so that no
single failure in the handling system will preclude returning unshielded fuel units to
shielded storage location.

* Grapples and lifting attachments, and handling equipment for fuel units and
transportation package closure lid(s) shall be designed for remote operation, and active
lifting components shall be designed to retain their load in the event of loss of actuating
power.

* Grapples and tools shall be designed to facilitate decontamination, nondestructive
testing, maintenance, handling, and storage. Cracks and crevices shall be avoided, likely
to collect contamination.

. Process fixtures, temporary storage locations, fuel unit container, and similar devices
shall be designed with lead-ins and chamfers to facilitate insertion and removal.

* Facilities for putting on and taking off anti-contamination clothing and personnel
monitoring devices shall be provided adjacent to access doors to the shielded cell.

* Fuel crud released during handling shall be considered for determining potential activity
release levels during normal or off-normal situations.

* Interior surfaces of the shielded cell shall be coated or lined to facilitate
decontamination.

* Dual Purpose Cask cutting tool and hoisting system shall be provided for lifting loaded
Dual-Purpose Casks weighing up to 50 tons

* Design features shall be provided to ensure that the fuel unit handling and storage areas
remain subcritical.

• Equipment shall be of modular design and easy to maintain.

Technical Rationale-Code and standards such as ASME NOG-1-2002, ANSIIAWS
D14.1-1997, ANSI/ANS-57.1-1992, CMAA-70-2000, CMMA-74-2000, NUREG-0554-1979,
NUTREG-6407 1996 and NUREG-0612 1980 provide guidance on the actions that should be
taken to assure safe handling of heavy loads.
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4.7.1.5 Remediation/Repair

Criteria-The remediation area shall provide shield windows and remote viewing system (CCTV)
to assist operators in performing required normal process operations and recovery fiom
off-normal events.

The procedures for handling damaged fuel or damaged fuel units shall be anticipted and
provisions made in the design.

Technical Rationale-Code and standards such as ASME NOG-1-2002, ANSIIAWS
D14.1-1997, ANSJIANS-57.1-1992, CMAA-70-2000, CMMA-74-2000, NUREG-0554 1979,
NUREG-6407 1996 and NUREG-0612 1980 provide guidance on the actions that should be
taken to assure safe handling of heavy loads.

4.7.1.6 Waste Aging

Criteria

* A concrete pad shall be provided for staging up to 100 casks (1000 MU) in vertical or
horizontal position.

* The aging pad shall be capable of placing cask weighing up to 200 tons

* The radiation dose rate shall not exceed 10 mrem/hr at 2 meters and 2 mrem/hr at 50
meters, without additional shielding.

Technical Rationaie-ASME B30.5 applies to crawler cranes for construction, installation,
operation, inspection, and also provides enforcement of safety directives.
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4.7.2 Waste Package Handling Design Criteria

4.7.2.1 Waste Package Handling Codes and Standards

Applicable Applicable CodeslStandards1 , Regulatory Guides (RGs)', Code
Discipline Project SSCs of Federal Regulations (CFRs) 3, NUREGsO, DOE Directivess

Mechanical Waste Package ANSIZANS 57.1-1992, ANSUANS 572-1983, ANS/ANS-57.9-1992, AWS
Handling Handling* DA .IiD1.1M-2002, ASME NOG-1-2002, ASTM C 1217-00, ASTM

C992-89. ANSI N305-1975, CMAA-70-2000, CMM-74-2000.
UCRL-15673 (Bonarrm et al. 1985)
RG 8.8 Rev 3
10 CFR 20.29 CFR 1910, 29 CFR 1926, 10 CFR 71, 10 CFR 72
NUREG-0700 1996 (NRC 1996)

.__ ___ ___ ____N one
Technical Rationale:
1 These codes and standards support compiance wIth requirements of Froec Requirements Document (Cuny

and ros 2002) such as PRD-002rT004 (information relative to codes and standards that DOE proposes to
apply to the design and construction of GROA as required by 10 CFR 63.21(c)(2)). PRD-022 and Mechanical
and Remote Hand7ing System Description Document (BSC 2002c). Determination of applicable sections of
these codes and standards will be determined during the design process and In development of design
products.

2 This Regulatory Guide has been assessed to be critical to the development of design products for preliminary
design. The level of conformance with regulatory positions hI the Regulatory Guide will be determined during
the design process and In development of design products that are Impacted by this Regulatory Guide.
Addressing this Regulatory Guide supports compliance with requirements In Mechanical and Remote Handling
System Descrption Document (BSC 2002c).

3 Addressing Code of Federal Regulations supports compliance with requirements In PRD-0151P-015.
PRD-0151P-020 and PRD-0151-021. Determination of applicable sections of these documents will be
determined during the design process and h development of design products

'This NUREGs provides guidance on acceptable methods and approaches that could be utilized In MGR design
6None
* Revised QA dassfication presently not available. The applicable QA classification will be provided when the

revised 0-Ust Is available.

4.7.2.2 Waste package Handling

Criteria

* Tools/yokes/grapples for handling shall be provided to handle different sizes and
weights of Waste Packages.

* Capability to determine WP identification numbers shall be provided.

* Capability for downending WP weighing up to 40 tons shall be provided.

* Adequate storage space shall be provided for each size of WP including lifting
yokes/grapples.

* Lifting tools will be designed so that they shall not damage or mar WP surface.
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* Subsurface transporter shall be provided which transfer a WP from surface to
subsurface.

* Equipment for off loading WP to final position in the drift shall be provided.

* Capability to record WP location in the drift shall be maintained.

* WP staging area in the WP load out area shall be provided.

* Cranes and other equipment shall be designed so that they are tested, maintained, and
inspected in accordance with industry standards and OSHA requirements.

* Remote handling equipment shall be incorporated into the design of the area to permit
performance of normal process operations. Particular attention shall be given in the
design to methods and equipment required to recover from equipment failure, off normal
events, and accidents.

Technical Rationale-CMAA-70-2000, CMMA-74-2000, ANSIIAWS D14.1-1997,
NUREG-0554 1979 and ASME NOG-1-2002 provide guidance addressing waste handling
equipment.
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4.8 MECHANICAL DESIGN CRITERIA

4.8.1 Fire Protection Design Criteria

4.8.1.1 Fire Protection Codes and Standards

Applicable Applicable CodeslStandards', Regulatory Guldes (RGs 2, Code
Discipline Pro ect SSCs of Federal Regulations CFRs , NUREGs, DOE Directives5

ANSIINFPA 80 1999. ASTIVM D5144-00, ICC-2000 (lBC). ICC 2002 (IFC)
NFPA 1-2000, NFPA 10-2002, NFPA 11-200 NFPA 13-1999, NFPA
14-2000, NFPA 15-2001. NFPA 16-1999, NFPA 17-2002. NFPA2D-1999,
NFPA 22-1098, NFPA 24-4095, NFPA 2S-2002, NFPA 30-2000,NFPA
68-2002,NFPA 69-2002, NFPA 70-2002, NFPA 72-2002, NFPA 75-1999,
NFPA 80A-2001, NFPA 90A-2002, NFPA 101-2000, NFPA 221-2000. NFPA

Mchanical Fe Proton 502-2001, NFPA 750-2000. NFPA 780-2001, NFPA 801-1998, NFPA
1144-2002, NFPA 1963-1998, NFPA 2001-2000
RG 1.189 Rev 0, RG 1.29 Rev 3
10 CFR 20,10 CFR 73,29 CFR 1910,29 CFR 1926
NUREG -0800 1987 (NRC 1987)
DOE Order420.1 Change 3 -2000, DOE G 440.1-5-1995, DOE SW 1066-99

Technical Rationale:
1 These codes and standards support compliance wth requirements of Project Requirements Document (Curry

and Loros 2002) such as PRD-002/T-004 (Information relative to codes and standards fhat DOE proposes to
apply to the design end construction of GROA as required by 10 CFR 6321(c)(2)), PRD-0=2 and FRM
Protection System Descrption Document (BSC 2002n). Determination of applicable sections of these codes
and standards wll be determined during the design process and In development of design products.

2 These Regulatosy Guides have been determined o be cltical to the development of design products for
preliminary design. The level of conformance with regulatory positions In the Regulatory Guides will be
determined during the design process and In development of design products that are Impacted by these
Regulatory Guides.

3 Addressing Code of Federal Regulations supports compliance with requirements In PRD-015fP-015. PRD-005,
PRD-0151P-020 and PRD-0151P-021. Determination of ppflcable sections of these documents will be
determined during the design process and hi development of design products

4 This NUREG provides guidance on acceptable methods and approaches that could be utilized In MGR design.
s Addressing these DOE Orders supports compliance with requirements of PRD.0181P-019. Deternination of

applicable sections of these DOE Orders wIll be determined duing the design process and In development of
design products.

*Revised OA classification presently not available. The applicable QA classification wIll be provided when the
revised Q-Ust Is available.

4812 Facilities Hazard Classification

Facilities at the MGR will handle large quantities of radioactive and hazardous materials.
Consequently, it is necessary to ensure that facilities are designed to control, suppress, and
contain the effects of fire events that are postulated to occur during the life of the facility.

To ensure that adequate levels of fire protection are provided, a graded approach is used in the
design of facilities and areas. The fire hazard for these facilities has been classified as shown in
the following tables.
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Surface Facility Fire Protection Design Basis Summary"

NFPA 101 OccupancyJ Hazard
No. Facility IBC Classification (0 Classificatlon
1 Dry Transfer Facility # 1

2 Dry Transfer Facility # 2
3 Remediation Building
4 Low Level Waste Building
5 Transporter Receipt Building
6 Disposal Container Preparation

Building
7 Surface ging Pads
8 Heavy Equipment Maintenance

Building
9 Balance of Plant

*-based on the predominant use of the facility
- to be added later

Subsurface Fire Protection Design Basis Summary

Hazard Classification (Method Area Fire Protection Criteria (To
Area to be Determined) be determined)

Development Aa .
Emplacement Area

4.8.13 Applicable Design Codes and Standards to Fire Protection Design

Surface Facilities Subsurface Areas

Nuclear Non-Nuclear Development Emplacement
Title Applicability BuIldings Buildings Area Area

NFPA 10, Standard Sizing and spacing of
for Portable , portable fire
Extinguishers extinguishers for all X X X X

accessible areas
NFPA 11, Standard for Design of foam based
Low-, Medium-, and fire suppression systems X X X
Hiah-Expansion Foam
NFPA 13, Standard Selection and design of
for the Installation of automatic sprinkler X X
Sprinkler Systems evstems
NFPA 14, Standard for Layout and design of all
the Installation of standplpe and hose
Standpipe. Private station outlets for backup X X
Hydrant, and Hose suppression and fire
Systems bripade use
NFPA 15, Standard for Layout and design of
Water Spray Fixed fixed water spray X X
Systems for Fire systems hi buildings and
Protection external areas
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Surface Facilities Subsurface Areas

Nuclear Non-Nuclear Development Emplacement
Title Applicability Buildings Buildinas Area Area

NFPA 16, Standard for Layout and design of
the Installation of foam water suppression
Foam-Water Sprinkler systems X X
and Foam-Water
Spmy Svsterns
NFPA 17, Standard for Design of fire
Dry Chemical suppression systems for X X X X
Extinguishing Systems mobile equipment
NFPA 20. Standard for Design and specification
the Installation of of firewater pumping X
Stationary Pumps for systemX
Fire Protection
NFPA 22, Standard for Design and layout of
Water Tanks for firewater storage X X X
Private Fire Protection
NFPA 24, Standard for Design, arrangement,
te Installation of and piping material
Private Fire Service selection for Firewater X X X
Mains and Their distribution
Appurtenances
NFPA 25, Standard for Design consideratlons for
the Inspection, the Inspection, testing
Testing, and and maintenance of X X X
Maintenance of water based
Water-Based Fire extinguishing systems
Protection Systems _
NFPA 72. National Design of fire larn.
Fire Alarm Code detection systems hi

buildings and mobile X X X X
equipment

NFPA 750, Standard Design of limited water
on Water Mist Fire usage fire suppression X X X
Protecdon Systems systems
NFPA 2001, Standard Design of non-aqueous
on Clean Agent Fire suppression systems X X X
Extinguishing Systems

4.8.1.4 General Criteria

Criteria-The system shall provide automatic fire suppression in facilities that have a ground
floor area in excess of 5,000 sq. ft., or where the maximum fire loss exceeds $1 million.

Technical Rationale-The DOE imposes DOE Order 420.1, Change 3, Facility Safety, on the
MGR. DOE G 440.1-5 1995, Implementation Guide for use with DOE Orders 420.1 and 440.1
Fire Safety Program, Section IV, paragraph 9.7, requires automatic fire suppression in facilities
where the maximum possible fire loss exceeds Sl million or the ground floor area is in excess of
5,000 sq. R.
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Crteria-The system shall provide redundant fire protection in areas where the maximum
possible fire loss exceeds $50 million.

Technical Rationale-DOE G 440.1-5 1995, Section TV, paragraph 9.7, requires redundant fire
protection in areas where the maximum possible fire loss exceeds $50 million. Redundant fire
protection can include items such as a fire barrier system, smoke detection in conjunction with a
filly capable fire department, and other options. "Fire protection" in this criterion means fire
detection, suppression, and alarm features as needed to protect against the fire and explosion
hazards.

4.8.1.5 Site Criteria

Crieria-The minimum access width, building to building spacing, for fire fighting apparatus
shall be not less than 26 where fire hydrants are provided and shall not be less than 20 fi in
width where there are no hydrants. Access pathways shall not exceed 150 ft in length unless a
suitable turnaround is provided.

Technical Rationale-This criteria provides for acceptable width for the access and operation of
fire fighting apparatus per the International Fire Code Sections (CC 2002) 503.2.5, D103.1 and
D103.4.

Criteria-Roads that are used by fire fighting apparatus shall-not exceed 10 percent in grade.

Technical Rationale-This criteria provides for acceptable slope for the response of fire fighting
apparatus per the International Fire Code (ICC 2002) Section D.103.2.

Criteria-Exposures to buildings and significant equipment fom the natural terrain should be
assessed and mitigated per NFA 1144-2002, Standardfor Protection of Life and Property from
Wildfire.

Technical Rationale-This criteria assists in the identification, assessment of risk, and
specification of mitigating features in order to protect buildings and equipment from external fire
threats due to the isolated location in an area that could be threatened by wild land fires.

Criteria-Exterior exposures to buildings or equipment created by other buildings or equipment
shall be evaluated and mitigated in accordance with NFPA 80A-2001, Recommended Practice
for Protection of Buildings from Exterior Fire Exposures.

Technical Rationale-This criteria assists in the identification, assessment of risk, and
specification of mitigating features in order to protect buildings and equipment from fires in
adjacent buildings or equipment.

Criteria-The location, spacing, and protection criteria for flammable and combustible liquid
tanks shall be identified, evaluated, and mitigated per NFPA 30-2000, Flammable and
Combustible Liquids Code.
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Technical Rationale-This criteria assists in the identification, assessment of risk, and
specification of mitigating features in order to protect flammable and combustible tanks from
adversely impacting other buildings and equipment from fire.

4.8.1.6 Nuclear Surface Facilities

Criteria-Nonconbustible and heat resistant building materials should be used wherever
practical.

Technical Rationale-This criteria is necessary to limit the quantities of materials available to
support combustion in a hazard area. Fire propagation is limited by restricting building materials
to the use of noncombustible and heat resistant materials that will not support combustion. This
criteria is based on Regulatory Guide 1.189, Rev 0, (Section B. GDC 3), which specifies the use
of noncombustible and heat resistant materials.

Criteria-Required fire detection and suppression systems of appropriate capacity and capability
shall be designed to minimize the adverse effects of fires on SSCs Important to Safety (ITS).

Technical Rationale-This criteria is necessary to specify that system design will be sufficiently
comprehensive and adequate to limit damage from a fire, and protect against an inadvertent
release, to affected SSCs in the hazard area. Fire protection systems of sufficient capacity and
capability will enable fires to be controlled and extinguished in sufficient time so that damage to
SSCs is minimized. This criteria is based on Regulatory Guide 1.189, Rev 0,
(Section B. GDC 3), which specifies the use of fire protection systems of appropriate capacity
and capability for the protected hazard.

Criteria-Fire fighting systems shall be designed to ensur that their failure, rupture, or
inadvertent operation does not significantly impair the capability of ITS SSCs to perform their
intended function.

Technical Rationale-This criteria is necessary to specify that system design will be sufficiently
comprehensive and adequate to limit damage from a fire and protect against inadvertent release,
to affected SSCs in the hazard area. This criteria is based on Regulatory Guide 1.189, Rev 0,
(Section B. GDC 3), which specifies the use of fire protection systems of appropriate capacity
and capability for the protected hazard.

Criteria-Backup fire suppression in the form of a NFPA 14-2000, Standardfor the Installation
of Standpipe, Private Hydrant, and Hose Systems, Class m Standpipe and Hose installation shall
be provided in all Nuclear Facilities. The system shall be able to reach any location that contains
or could present an exposure fire hazard to SSCs ITS, with at least one effective hose stream.
Additional standpipe and hose installations shall be provided in an area if the fire hazard could
block access to a single hose station serving that area. All hose nozzles shall have shutoff
capability.

Technical Radonale-This criteria is necessary to specify a minimum threshold level for backup
fire system protection that is acceptable in order to limit damage from a fire. Specification of
backup suppression protection limits potential fire damage to SSCs TS and increases the
likelihood that fires are promptly controlled and extinguished. This criteria is based on
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Regulatory Guide 1.189, Rev 0, Section 3.4, which specifies the criterion for manual suppression
systems.

Criteria-The design interface, control, and usage of the building ventilation and exhaust systems
shall be accomplished in a manner consistent with NFPA 801-1998, Standardfor Fire Protection
for Facilities Handling Radioactive Materials. Fire and smoke damper specifications shall
include parameters to ensure satisfactory closure performance that addresses the total worst-cae
differential pressures at the damper under airflow conditions.

Technical Rationale-This criteria is necessary to specify a level of fire area performance that is
acceptable to the NRC in order to limit damage between adjacent fire areas and their associated
hazards. Specification of fire area parameters increases the likelihood that a fire is contained
within the same fire area and will not extend to involve SSCs in another fire area This criteria is
based on Regulatory Guide 1.189, Rev 0, Section 4.2.1.3, which specifies the criteria for
ventilation system fire dampers.

4.8.1.7 Non-Nuclear Surface Facilities

Criteria-Automatic suppression shall be installed as determined by the fire hazards analysis as
necessary to protect against fires and to limit the Maximum Possible Fire Loss (MPFL). The
basis for the choice of particular system style for protection shall be described in the fire hazards
analysis. Light hazard occupancy sprinkler system design densities shall not be used.

Technical Rationak-This criteria is necessary to specify a minimum level of protection that is
acceptable to the DOE before an automatic fire protection system is required to limit damage
from a fire. Specification of an appropriate and comprehensive fire protection system of
sufficient capacity and capability will increase the likelihood that fires are satisfactorily
controlled and extinguished. This criteria implements DOE Order 420.1, Change 3, and DOE
Standard 1066-99, Sections 5.3.1, 5.3.2, and 7.1, which specify the criterion for fire protection
when the MPFL exceeds $1 million.

4.8.1.8 Subsurface Development Area! Construction Phase

Criteria-A Fire Command Center shall be provided on the surface for the use of fire fighting
forces during an emergency in the subsurface. This may be co-located with other surface or
subsurface control equipment, but shall meet the space and survivability criteria of
NFPA 72-2002, National Fire Alarm Code, Section 6.9.6. The Fire Command Center shall have
displays for the status of all detection, alarm, and communication systems in the subsurface.
This shall be the principal location for handling a subsurface emergency and from where
subsurface systems credited for fire and worker protection can be manually controlled. Status,
display, and command override functions shall be provided for all credited subsurface ventilation
system dampers and fan controls; all required status, display, communications and finctional
controls shall be monitored for integrity.

Technical Rationale-This criteria is necessary to specify that system design will be sufficiently
comprehensive and adequate to provide an adequate level of life safety. Fire hazards with
adequate fire protection system performance of sufficient capacity and capability, together with
personnel specific egress features, will provide acceptable life safety for facility occupants to
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meet DOE criteria for occupant protection. This criteria is based on DOE Order420.1,
Change 3, Section 4.2, which specifies the criteria for minimum level of life safty performance
to demonstrate that a facility occupants are adequately and appropriately protected from fire
hazards.

4.8.1.9 Subsurface Emplacement Area/ Repository Phase

The design criteria and the manner of implementation for the subsurface will be determined at a
later date.

4.8.1.10 Protection of Mobile Equipment

Criteria-Automatic fire detection and suppression of appropriate capacity and capability shall be
installed as determined by the fire hazards analysis and as necessary to protect SSCs. The fire
hazards analysis shall consider the worst case location and exposure impact to SSCs in
determining the protection required. The agent used for automatic suppression shall be based on
the fire hazards analysis and any potential nuclear safety concerns.

Technical Rationale-This criteria is necessary to specify a minimm theshold level for
automatic fire system protection that is acceptable in order to limit damage from a fire.
Specification of mobile equipment automatic suppression limits potential ire damage to SSCs
and increases the likelihood that fires are promptly controlled and extinguished. This criteria is
based on Regulatory Guide 1.189, Rev 0, Section 3.3, which specifies the criterion for the
protection of ITS SSCs.

CMreria-The required mobile equipment fire detection and suppression system shall be designed
to transmit signal(s) to the site fire alarm system to annunciate the equipment location and status
whether within or exterior to any building, structure, or exterior area where the equipment is
expected to operate. The manner in which this signal(s) is transmitted and received shall
minimize against adverse effects to SSCs ITS.

Technical Rationale-This criteria is necessary to specify that system design will be sufficiently
comprehensive and adequate to promptly control and extinguish a fire, and also protect against
inadvertent release to affected SSCs caused by undesirable plant systems interaction. Fire
protection systems of sufficient capacity and capability, with normal and abnormal system statis
indications, will enable fires to be controlled and extinguished. This criteria is based on
Regulatory Guide 1.189, Rev 0, (Section B. GDC 3), which specifies the use of fire protection
systems of appropriate capacity and capability be provided for the protected hazard.

4.8.1.11 Fire Protection System Redundancy

Criteria-Redundant fire protection systems shall be provided in areas containing ITS SSCs
where the resulting protection would not otherwise ensure that the fire would be successfully
controlled until such time that the emergency fire fighting forces are expected to arrive to
complete fire extinguishment. Redundant fire protection could consist of duplicate localized
hazard protection; or the installation of a local hazard fire suppression system together with an
appropriately designed area fire suppression system that would protect the entire fire area or
hazard space.
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Technical Rationale-This criteria is necessary to specify that system design will be sufficiently
comprehensive and adequate to limit damage, from a fire and from inadvertent release, to
affected SSCs in a hazard area Fire protection systems of sufficient capacity and capability,
with normal and abnormal system status indications, will enable fires to be controlled and
extinguished. This criteria is based on Regulatory Guide 1.189, Rev 0, (Section B. GDC 3),
which specifies the use of fire protection systems of appropriate capacity and capability, and
DOE G-440.1-5-1995, Section IV, 9.6, which specifies additional protection when the manual
fire fighting force are delayed in effecting extinguishment.

4.8.1.12 Life Safety Provisions/Surface Facilities

Cieria-Acceptable life safety provisions shall be provided for all facilities. Compliance with
NFPA 101-2000, the Life Safety Code is considered to satisfy DOE Order 420.1, Chinge 3.

Technical Rationale-This criteria is necessary to specify that system design will be sufficiently
comprehensive and adequate to provide an adequate level of life safety. Fire hazards with
adequate fire protection system performance of sufficient capacity and capability, together with
personnel specific egress features, will provide acceptable life safety for facility occupants to
meet DOE criteria for occupant protection. This citeria is based on DOE Order420.1,
Change 3, Section 4.2 and DOE Standard 1066-99, Section 10.1, which specify the criteria for
minimum level of life safety performance to demonstrate that facility occupants are adequately
and appropriately protected from fire hazards.

4.8.1.13 Life Safety Provisions/Subsurface Areas

The design criteria and the manner of implementation for the subsurface will be determined at a
later date.

4.8.1.14 Firewater Subsystem a

Firewater Storage

Criteria-The fire water supply for nuclear facilities shall be calculated on the basis of the largest
expected flow rate for a period of two hours, but not less than 300,000 gallons. This flow rate
shall be conservatively based on 500 gpm for manual hose streams plus the largest design
demand of any sprinIder or deluge system as determined by hydraulic calculation. Firewater
service to non-nuclear buildings, except the subsurface zone, may be serviced by the firewater
system as permitted in the firewater subsystem criteria.

Technical Ratonale-This criteria is necessary in order to specify a system design that will be
sufficiently comprehensive and adequate to limit damage from a fire to affected SSCs in the
hazard area. Fire protection systems of sufficient capacity and capability, with allowance for
maintenance and other outages, will enable fires to be controlled and extinguished in sufficient
time so that damage is minimized. This criteria is based o Regulatory Guide 1.189, Rev 0,
Section 3.2.1.b, which specifies the use of fire protection. systems of appropriate capacity and
capability, be provided for the protected hazard.
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Creria-Two 100 percent system capacity dedicated firewater water supply tanks shall be
installed. They shall be so interconnected that pumps can take suctions from either or both
tanks; however, a failure in one tank or its piping shall not cause both tanks to drain. The site
water supply system shall be capable of totally refilling either tank in eight continuous hours or
less.

Technical Rational-This criteria is necessary to specify that system design will be sufficiently
comprehensive and adequate to limit damage from a fire to affected SSCs in the hazard area.
Fire protection systems of sufficient capacity and capability, allowing for maintenance and other
outages, will enable fires to be controlled and extinguished in sufficient time so that damage to
SSCs is minimized. This criterion is based on Regulatory Guide 1.189, Rev 0, Sections 3.2.1.a
and c, which specify the use of fire protection systems of appropriate capacity and capability for
the protected hazard

FIrewater Pumping

Criteria-If fire pumps are provided, a sufficient number of pumps shall be provided to ensure
that 100 percent capacity will be available assuming failure of the largest pump or loss of offsite
power (e.g., three 50 percent pumps or two 100 percent pumps). This may be accomplished by
providing a combination of electric motor-driven fire pumps and diesel-driven fire pumps.

Technical Rationale-This criteria is necessary to specify that system design will be sufficiently
comprehensive and adequate to limit damage from a fire to affected SSCs in the hazard area.
Fire protection systems of sufficient capacity and capability, allowing for maintenance and other
outages, will enable fires to be controlled and extinguished in sufficient time so that damage to
SSCs is minimized. This criteria is based on Regulatory Guide 1.189, Rev 0, Section 3.2.2,
which specifies the use of fire protection systems of appropriate capacity and capability for the
protected hazard.

Criteria-Individual fire pump connections to the yard fire main loop shall be separated with
appropriate sectionalizing valves between connections. Diesel-driven fire pumps together with
the pump driver and controls shall be located in a room separated from the remaining fire punps
by a firewall with a minimum fire rating of three hours. Fire pump status signals shall be
provided to annunciate pump running, driver availability, failure to start, and low fire-main
pressure to the main control room.

Technical Rationale-This criteria is necessary to specify that system design will be sufficiently
comprehensive and adequate to limit damage from a fire to affected SSCs in the hazard area.
Fire protection systems of sufficient capacity and capability, allowing for maintenance and other
outages, will enable fires to be controlled and extinguished in sufficient time so that damage to
SSCs is minimized. This criteria is based on Regulatory Guide 1.189, Rev 0, Sections 3.2.2.b
and c, which specify the use of fire protection systems of appropriate capacity and capability for
the protected hazard.

Firewater Distribution Piping

Criteria-The firewater distribution piping shall be of a looped type grid that provides two-way
water flow; firewater piping, except the subsurface zone, shall be separate from all other water

Project Design Criteria Document 164 March 2003
PDCXD rg



000-3DR-MGR-00100000-001

piping systems. Sectional valves shall be arranged to provide alternate water flow paths to any
point in the system. The firewater loop shall be sized as required to firnish anticipated water
criteria; the type of pipe and any required water treatment should consider the possible effects of
tuberculation. Sectional control valves shall be provided to limit the number of hydrants and
individual sprinkler systems made inoperative during a single line break or impairment to a
maximum of five.

Technical Rationale-This criteria is necessary to specify a maximum level of fire system
inoperability that is acceptable in order to limit damage from a fire. Specification of an upper
limit in the number of suppression systems and hydrants out of service for an impairment
increase the likelihood tat fires are promptly controlled and extinguished. This criteria is based
on Regulatory Guide 1.189, Rev 0, Sections 3.2.3.a and GDC 3, DOE Order 420.1 Change 3,
and DOE Standard 1066-99, Section 6.2.2, which specify the criterion for the arrangement of the
firewater distribution system

Criteria-Control valves shall also be provided to isolate portions of the firewater subsystem
serving SSCs, which are or contain SSCs ITS from portions of the firewater subsystem serving
SSCs that are not or do not contain SSCs ITS, without simultaneously shutting off the firewater
supply to areas containing SSCs ITS. The firewater distribution piping shall be capable of
delivering this design demand over the longest piping route to the protected hazard. The
distribution piping shall be capable of meeting the calculated design demand at a residual
pressure not less than 20 psig at ground elevation.

Technical Rationale-This criteria is necessary to specify a maximum level of fire system
inoperability that is acceptable in order to limit damage to SSCs important to safety in the event
a fire. Specification of isolation valves to prevent the simultaneous unavailability of primary and
backup suppression systems from any impairment increases the likelihood that fires are promptly
controlled and extinguished. This criteria is based on Regulatory Guide 1.189, Rev 0, Sections
3.2.3.g and h and GDC 5, and DOE Standard 1066-99, Section 6.1.1, which specifies the
criterion for the arrangement of the firewater distribution system in regard to impairment of the
prmary and backup fire suppression subsystem.

Criteria-Control and sectionalizing valves in fire mains and water-based fire suppression
systems shall be electrically supervised. Electrical supervision signals shall transmit to the
location of the fire alarm monitoring console. Control and sectional valves shall be a visually
indicating type valves.

Technical Rationale-This criteria is necessary to specify a level of fire system status indication
that is acceptable in order to limit damage from a fire. Specification of a valve type and its
position supervision when out of service for impairment increases the likelihood that fires are
promptly controlled and extinguished. This criteria is based on Regulatory Guide 1.189, Rev 0,
Section 3.2.34d, which specifies the criteria for the valve supervision of the firewater distribution
system.

Criteria-Sprinkler systems and backup standpipe and hose stations shall be provided with
connections to the firewater distribution system so that a single active failure or a line break will
not simultaneously impair both the primary and backup fire suppression systems. Alteratively,
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firewater headers fed from two ends are permitted inside buildings to supply both sprinkler and
standpipe subsystems. Such headers shall be considered an extension of the firewater
distribution subsystem. Each sprinkler and standpipe system shall be separately equipped with a
means to detect water flow and transmit a water flow condition to a remote location.

Technical Rationale-This criteria is necessary to specify a maximum level of fire system
inoperability that is acceptable in order to limit damage from a fire. Specification of
configuration limits the simultaneous impairment of primary and backup suppression systems
out of service for impairment increases the likelihood that fires are promptly controlled and
extinguished. This criteria is based on Regulatory Guide 1.189, Rev 0, Section 3.2.3., which
specifies the criterion for the arrangement of the firewater distribution system.

Fire Hydrants

Cieria-Fire hydrants shall be capable of providing the water flow rates established in the
International Fire Code (ICC 2002) based on the most severe facility fire risk on site. This rate
shall be reduced by a maximum of 50 percent, in accordance with DOE Std 1066-99, for
automatic sprinkler protected facilities. Fire hydrants shall each be capable of flowing a
minimum of I500 gpm at 20-psig residual pressure.

Technical Rationale-This criteria is necessary to specify a defense-in-depth design that will be
sufficiently comprehensive and adequate to limit damage from a fire should one of the systems
not be able to perform as intended to control a fire in the hazard area. Establishment of fire
hydrant minimum waterflow rates will ensure that sufficient capacity is available for manual fire
fighting which will increases the likelihood that fires are promptly controlled and extinguished.
This fire hydrant criteria is based on ICC 2002 Sections B102.1 and B105.2 and Table B105.1
and DOE Std 1066-99, Section 6.1.2.

Criteria-Fire hydrants shall be located so that a sufficient and effective hose stream can be
provided to any onsite location where fixed or transient combustibles could jeopardize facility
SSCs, both those ITS or those Conventional Quality. Hydrants shall be installed approximately
every 250-ft. on the firewater distribution subsystem. Valves shall be installed to permit
isolation of fire hydrants from other portions of the firewater distribution subsystem for
maintenance or repair without interrupting the water supply to other portions of the distribution
subsystem. Hose threads compatible with those used by local fire departments shall be provided
on all hydrants, hose couplings, and standpipe risers consistent with NFPA 1963-1998, Standard
for Fire Hose Connections.

Technical Rationale-This criteria is necessary to specify a maximum level of fire system
inoperability that is acceptable to the NRC in order to limit damage from a fire. Specification of
a subsystem configuration, which limits the simultaneous impairment of primary and backup
suppression systems out of service for impairment, increases the likelihood that fires are
promptly controlled and extinguished. This criteria is based on Regulatory Guide 1.189, Rev 0,
Sections 3.2.3.h and 3A.2, which specifies the criteria for the arrangement of the firewater
distribution system.
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Firewater Subsystem-Subsurface Zone

The design criteria for the separately piped and zoned subsurface firewater subsystem will be
determined at a later date.

4.8.1.15 Fire Detection Subsystem

Criteria-Fire detection subsystems shall be provided in all areas that contain or present a fire
exposure to SSCs important to safety (ITS). Fire detection subsystems comply with the criteria
for Class A systems (NFPA 72-2002) and Class I circuits (NPA 70-2002).

Technical Rationale-This criteria is necessary to specify a minimum threshold level for
automatic fire detection system performance that is acceptable to limit damage from a fire.
Specification of automatic detection performance limits potential fire damage to SSCs ITS and
increases the likelihood that fires are promptly controlled and extinguished. This criteria is
based on Regulatory Guide 1.189, Rev 0, Sections 3.1, 3.1.1b, d, e, and i which specify the
criteria for the protection of ITS SSCs.

Criteria-Fire detection subsystems shall be capable of operating with or without offsite power.

Technical Rationale-This criteria is necessary to specify a level of fire detection subsystem
performance that is acceptable in order to limit damage from a fire. Specification of the
capability for the fire detection subsystem to detect fires when offsite power is both available and
unavailable increases the likelihood that fires are promptly controlled and extinguished. This
criteria is based on Regulatory Guide 1.189, Rev 0, Section 3.1, which specifies the criteria for
the fire detection performance during normal and off normal conditions.

Criteria-Fire detection shall be provided for all other buildings and area where fire damage is
postulated to occur per a fire hazards analysis and no other fire protection system is provided.

Technical Rationale-This criteria is necessary to specify performance for fire detection
subsystems in buildings and areas, which would otherwise not be provided with fire suppression.
Specification of a fire detection system will increase the likelihood that fires are promptly
controlled and extinguished This criteria implements DOE Order 420.1 Change 3, Section
4.2.2.6; and DOE G 440.1-5-1995, Section m, 2.0 and 6.6, and Section TV, 9.6, which specifies
the criteria for fire protection when other fire suppression are not otherwise installed.

4.8.1.16 Fire Suppression Subsystem

Cteria-Automatic suppression shall be installed as determined by the fire hazards analysis and
as necessary to protect ITS SSCs. The type of automatic suppression chosen for protection shall
be based on the fire hazards analysis and any potential nuclear safety concerns.

Technical Rationale-This criteria is necessary to specify a minimum threshold level for
automatic fire system protection that is acceptable in order to limit damage from a fire.
Specification of automatic suppression protection limits potential fire damage to SSCs ITS and
increases the likelihood that fires are promptly controlled and extinguished. This criterion is
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based on Regulatory Guide 1.189, Rev 0, Section 3.3, which specifies the criteria for the
protection of ITS SSCs.

Crteria-SCs ITS that do not otherwise require protection by water-based suppression
subsystems but are subject to unacceptable damage if wetted by water suppression discharge
shall be appropriately protected by water shields or baffles.

Technical Rationale-This criteria is necessary to specify protection feature levels for automatic
fire system protection to limit damage from unintended system discharge effects to SSCs.
Specification of water shields or baffles where automatic suppression systems are located limits
potential unintended damage to SSCs TS. This criteria is based on Regulatory Guide 1.189,
Rev 0, Section 3.3.1, which specifies the criterion for the protection of ITS SSCs.

Criteria-Water mist suppression subsystems shall be considered for use in specialized situations
where the application of water needs to be restricted. The basis for selection of a water mist
subsystem as for hazard protection shall be documented in the fire hazards analysis.

Technical Rationale-This criteria is necessary to specify a minimum threshold level for
automatic fire system protection that is acceptable to limit damage from a fire. Specification of
automatic suppression protection limits potential fire damage to SSCs TS and increases the
likelihood that fires are promptly controlled and extinguished. This criterion is based on
Regulatory Guide 1.189, Rev 0, Sections 3.3.1 and 3.3.1.2, which specify the criteria for the
protection of ITS SSCs.

Criteria-Hydraulically designed automatic and manual suppression subsystems shall be
designed for a supply pressure of at least 10 percent but not less than 10 psig below the supply
curve.

Technical Rationale-This criteria is necessary to specify a margin of safety in subsystem design
that will be sufficiently comprehensive and adequate to limit damage from a fire should one of
the systems not be able to perform as intended to control a fire in the hazard area. The
specification of a safety margin in the design of fire suppression systems ensures that systems of
sufficient capacity and capability will be available which will increase the likelihood that fires
are promptly controlled and extinguished. This criteria implements DOE Order 420.1 Change 3,
and DOE Standard 1066-99, Section 7.2, which specifies the criterion for hydraulic design of
suppression systems in DOE facilities.

Criteria-Floor drains, curbs, ramps or sills shall be sized to accommodate anticipated fire
fighting water without the flooding SSCs ITS in all areas where automatic or manual water fire
suppression systems are installed. Facility design shall also ensure that firewater discharge in
one area does not impact SSCs TS in adjacent areas. The size and method of collection for fire
suppression water shall be determined in a manner consistent with NFPA 801-1998, Standardfor
Fire Protection for Facilities Handling Radioactive Materials.

Technical Rationale-This criteria is necessary to specify protection from accumulation of
firewater system discharge at an acceptable level to limit damage from firewater flooding.
Specification of protection from firewater flooding limits potential fire damage to SSCs ITS and
increases the likelihood that necessary or inadvertent fire system discharges do not result in
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degraded SSC performance. This criteria is based on DOE Order 420.1, Section 4.2.3,
Regulatory Guide 1.189, Rev 0, Section 4.1.5, and NFPA 801-1998, Section 3-10, which specify
the criterion for the protection of ITS SSCs for inadvertent effects of firewater system discharge.

Criteria-Fire protection for high-efficiency particulate air (HEPA) filter combustion shall protect
against the potential of spread fire to other facility areas. A fire hazards analysis shall determine
the need for and the type of fire detection and suppression for the HEPA filters and their
exposure to SSCs ITS.

Technical Rationale-This critena is necessary to specify a minimum threshold level for
automatic fire system protection that is acceptable to limit damage from a fire. Specification of
automatic suppression protection limits potential fire damage to SSCs ITS and increases the
likelihood that fires re promptly controlled and extinguished. This criteria is based on
Regulatory Guide 1.189, Rev 0, Section 4.1.4, and DOE Standard 1066-99, Section 14, which
specify the criteria for the protection of ITS SSCs.

Cieria-Foam water subsystems fire suppression protection shall be considered where
significant flammable and combustible liquid fire hazards are present. This shal be documented
in the fire hazards analysis.

Technical Rationale-Specification of an appropriate and comprehensive fire protection system
of sufficient capacity and capability will increase the likelihood that fires are promptly controlled
and extinguished before unacceptable fire losses incur. This criteria implements DOE Order
420.1 Change 3, and DOE Standard 1066-99, Sections 5.3.1 and 5.3.2, which specifies the
criteria for fire protection when the MPFL exceeds $ 1 million.

Criteria-When the use of water sprinlders is precluded because of nuclear criticality or other
incompatibility, non-aqueous extinguishing subsystems shall be used.

Technical Rationale-This criteria is necessary to specify fire protection means when firewater
system discharge could produce an undesired criticality event. Specification of alternative fire
protection agents will limit potential fire damage to SSCs ITS, increasing the likelihood that fire
may still be controlled and extinguished as well the prevention a fire system agent discharge
criticality event. This criteria is based on Regulatory Guide 1.189, Rev 0, Sections 3.3.1 and
3.3.2, which specify the criteria for protection using automatic suppression systems.

Criteria-Alternative halon or clean agent fire-extinguishing subsystems shall only use listed or
approved agents. Provisions for locally disarming automatic systems shall be key-locked. The
basis for selection of given clean agent subsystems for hazard protection shall be documented in
the fire hazards analysis.

Technical Rationale-This criteria is necessary to specify a minimum threshold level for
automatic fire system protection that is acceptable in order to limit damage fom a fire.
Specification of automatic suppression protection limits potential fire damage to SSCs TS and
increases the likelihood that fires are promptly controlled and extinguished. This criteria is
based on Regulatory Guide 1.189, Rev 0, Sections 1.2, 3.3.2 and 3.3.2.3, which specify the
criterion for the protection of ITS SSCs.
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Criteria-The introduction of the fire-extinguishing agent into a compartment shall not result in
over-pressurization and failure of the ventilation confinement system barrier.

Technical Rationale-This criteria is necessary to specify limits to fire protection agent discharge
that could otherwise produce a loss of confinement. Specification of a limit on the pressure
effects from alternative fire protection agent discharge will limit will allow a fire to be controlled
and extinguished, as well as prevent potential loss of ventilation system confinement. This
criteria is based on Regulatory Guide 1.189, Rev 0, Section 3.3.2, which specifies the criterion
for protection using gaseous fire suppression systems.

4.8.1.17 Fire Alarm Subsystem

Criteria-The site fire alarm subsystem shall be designed to minimize the adverse effects of fires
on SSCs TS. The site fire alarm subsystem shall be a proprietary type system and shall be
installed in all site buildings and areas to connect all active fire protection subsystems with the
main fire alarm monitoring console and other required system interfaces. The fire alarm
subsystem shall be capable of operating with or without offsite power.

Technical Rational-This criteria is necessary to specify a level of fire alarm subsystem
performance that is acceptable in order to limit damage from a fire. Specification of the
capability for the fire alarm subsystem to transmit fire related signals when offsite power is
available and unavailable increases the likelihood that fires are promptly controlled and
extinguished before unacceptable fire losses incur. This criteria is based on Regulatory
Guide 1.189, Rev 0, Sections 3.1, 3.1.1.a and which specify the criteria for fire alarm
performance during normal and off normal conditions.

Criteria-Local fire alarm occupant notification shall be provided for the protected zone
originating the alarm. A fire zone alarm panel or graphic zone alarm panel shall be provided at
the main entrance to major facilities. A manual fire notification method, such as manual fire
alarm station shall be provided at all normally occupied facilities.

Technical Radonale-This criteria is necessary to specify a level of fire alarm subsystem
performance that is acceptable to the NRC and the DOE in order to limit damage from a fire.
Specification of the capability for the fire alarm subsystem features at the local protected hazard
area increases the likelihood that fires are promptly controlled and extinguished before
unacceptable fire losses incur and to provide for acceptable levels of life safety. This criteria is
based on Regulatory Guide 1.189, Rev 0, Section 3..L.d, DOE Order 420.1 Change 3, and DOE
Standard 1066-99, Sections 8.1, and 8.2, which specify the criteria for fire alarm performance at
the local protected hazard area.

Criteria-Signaling Line Circuits (SLC) serving the subsurface shall be separate from those
serving surface facilities, except ventilation shaft fan houses.

Technical Rationale-This criteria is necessary to specify a level of fire alarm subsystem
performance that is acceptable in order to limit damage from a fire. Specification of the separate
signaling line circuits for the surface and subsurface reduces the probability that faults on the
surface will not impact subsurface fire alarm capability and vice versa. This increases the
likelihood that fires arc promptly controlled and extinguished. This criteria is based on
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Regulatory Guide 1.189, Rev 0, Section 3, which specifies the criteria for fire alarm
performance.

4.8.1.18 Explosion Protection Subsystem

Criteria-In situ explosion hazards shall be identified and suitable protection provided. Transient
explosion hazards that cannot be eliminated shall be controlled and suitable protection provided.
Explosion hazards and their specific means of protection shall be discussed in the fire hazards
analysis. NFPA 68-2002, Guide for the Venting of Deflagrations, and NFPA 69-2002, Standard
for Explosion Prevention Systems, shall be used for the identification, evaluation and mitigation
of explosive hazards.

Technical Rationale-This criteria is necessary to specify a level of explosion protection
subsystem performance that is acceptable in order to limit damage from an explosion.
Specification of the capability for the explosion protection subsystem increases the likelihood
that an explosion is controlled and mitigated. This criteria is based on Regulatory Guide 1.189,
Rev 0, Section 4.1.8, which specifies the criteria for explosion protection subsystem
performance.

CHteria-Miscellaneous storage and piping for flammable or combustible liquids or gases shall
not create a potential exposure hazard to SSCs ITS or to the fire protection subsystems that serve
those areas of concern. Processes that may evolve hydrogen or explosive gases shall be designed
to prevent development of explosive mixtures by limiting the concentration of explosive gases
and vapors within enclosures to less than 50 percent of their lower explosive limit.

Technical Rationale-This criteria is necessary to specify a level of explosion protection
subsystem performance that is acceptable in order to limit damage from an explosion.
Specification of the capability for the explosion protection subsystem increases the likelihood
that an explosion is controlled and mitigated before unacceptable damage occurs to SSCs. This
criteria is based on Regulatory Guide 1.189, Rev 0, Section 4.1.8, which specifies the criteria for
explosion protection subsystem performance.

Criteria-If the potential for an explosive mixture of hydrogen and oxygen exists in off gas
systems, the systems shall either be designed to withstand the effects of a hydrogen explosion or
be provided with dual automatic control functions to preclude the formation or buildup of
explosive mixtures.

Technical Rationale-This citeria is necessary to specify a level of explosion protection
subsystem performance that is acceptable to the NRC in order to limit damage from an
explosion. Specification of the capability for the explosion protection subsystem increases the
likelihood that an explosion is controlled and mitigated before unacceptable losses incur. This
criteria is based on Regulatory Guide 1.189, Rev 0, Section 4.1.8, which specifies the criteria fbr
explosion protection subsystem performance.

4.8.1.19 FIre Barrier Subsystem

Criteria-New permanent structures in excess of 5,000 square ft floor area shall be of
noncombustible or fire resistive construction.
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Technical Rationale-This criteria is necessary to specify performance for building construction
type, which would otherwise not meet the improved risk criteria, which is acceptable to the DOE
and will limit damage from fires. Specification of a building construction type will increase the
likelihood that fire hazards are limited and controlled. This criteria implements DOE Order
420.1 Change 3, and DOE Standard 1066-99, Section 5.2.1, which specifies the criteria for
building construction type when other criteria are not otherwise specified.

Criteria-Fire areas shall be separated from other portions of a building or facility (other fire
areas) by suitable fire barriers, including suitably rated components of construction such as
beams, joists, columns, penetration seals or closures, fire doors, and fire dampers. Fire barriers
in buildings containing SSCs ITS shall define a fire area boundary and have a minimum fire
resistance rating of three hours; exterior walls forming a portion of a fire area boundary may be
unrated if there is no fire exposure or other over-riding requirement to the wall which would
otherwise require the wall to be rated. The construction and performance of fire barrier walls
and firewalls shall comply with NFPA 221-2000, Standard for Fire Walls and Fire Barrier,
Walls.

NOTE: Fire zones (fire area subdivisions) may be used to establish zones within fire areas
where subdivision into other fire areas is not practical; fire zones shall be based on fire
hazard analyses. Fire zone boundaries are usually not sufficient to protect frn
exposure fires within the same fire area

Technical Rationale-This criteria is necessary to specify a level of fire area performance that is
acceptable to the NRC in order to limit damage between adjacent fire areas and their associated
hazards. Specification of fire area parameters increases the likelihood that a fire is contained
within the same fire area and not will extend to involve SSCs in another fire area This criteria is
based on Regulatory Guide 1.189, Rev 0, Section 4.1.2, which specifies the criteria fr fire area
construction and compartmentation.

Criteria-Fire areas shall be established in the fire hazards analysis. Fire areas shall be defined to
separate SSCs TS from potential fires in other areas containing conventional quality SSCs that
could affect the ability of SSCs ITS to perform their safety function

Technical Rationale-This criteria is necessary to specify a level of fire area performance that is
acceptable to the NRC in order to limit damage between adjacent fire areas and their associated
hazards. Specification of fire area parameters increases the likelihood that a fire is contained
within the same fire area and will not extend to involve SSCs in another fire area. This criteria is
based on Regulatory Guide 1.189, Rev 0, Section 4.1.2, which specifies the criteria for fire area
construction and compartmentation.

Citeria-Fire areas shall be defined to the extent feasible to isolate fire hazards from SSCs TS in
order to limit damage from a single fire. Separate fire areas shall be employed to limit the spread
of fires between similar SSC components, including those configurations where high
concentrations of cables serve other components of the same respective SSC.

Technical Rationale-This criteria is necessary to specify a level of fire area performance that is
acceptable in order to limit damage between different components of the same SSC from a given
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fire hazard. Specification of fire area parameters increases the likelihood that a fire is contained
within the same fire area, will limit the scope of damage to a given SSC, and will not extend to
involve additional components of the same SSC. This criteria is based on Regulatory
Guide 1.189, Rev 0, Section 4.1.2, which specifies the criteria for fire area construction and
compartmentation.

Criteria-Where fire area boundaries are not three hour rated; or not continuous from boundary to
boundary, with all penetrations scaled equal to the required fire rating of the boundary an
evaluation shall be performed to assess the adequacy of the fire area boundary. This evaluation
shall determine whether the fire area boundaries are adequate to withstand the hazards associated
with the area and, as necessary, protect SSCs ITS in the area from a fire originating outside the
area. Said evaluation shall be referenced or made part of the fire hazards analysis for the area of
concern. Unsealed openings shall be identified and considered when evaluating the overall
effectiveness of the barrier. If a fire area boundary contains major unprotected openings, such as
hatchways or stairways, locations on either side of such a boundary shall be considered as part of
a single fire area.

Technical Rationale-This criteria is necessary to specify a level of fire area performance that is
acceptable to the NRC in order to limit damage between adjacent fire areas and their associated
hazards. Specification of fire area parameters increases the likelihood tat a fire is contained
within the same fire area and will not extend to involve SSCs in another fire area. This criteria is
based on Regulatory Guide 1.189, Rev 0, Sections 1.8.7 and 4.1.2.1, which specifies the criteria
for fire area construction and compartmentation.

Criteria-Exterior walls, including any penetrations, shall be qualified as rated fire barriers if they
are required to protect SSCs ITS on the interior of the facility from in situ hazards located in the
vicinity of the exterior wall. The exterior yard area (without fire barriers) shall be considered as
one fire area, though it may consist of several fire zones. The surrounding native terrain and
vegetation, considering the degree of spatial separation, shall also be evaluated for fire hazards to
site SSCs.

Technical Rationale-This criteria is necessary to specify a level of fire area performance that is
acceptable in order to limit damage between onsite fire areas and any offsite fire hazard
exposure. Specification of this fire area parameter increases the likelihood that an exterior
exposure fire is prevented from breaching the exterior fire area boundaries and will not extend to
involve SSCs within the building. This criteria is based on Regulatory Guide 1.189, Rev 0,
Section 4.1.2.1, which specifies the criteria for fire area construction and exposure to fire area
boundaries.

Criteria-Building design shall ensure that openings through fire barriers are properly protected.
Openings and penetrations through fire barriers that serve as fire area boundaries shall be
appropriately sealed or protected to provide a minimum fire resistance rating equal to that
required of the barrier. The construction and installation techniques for rated penetrations and
openings through fire barriers shall be qualified by fire endurance tests conducted by nationally
recognized laboratories. Structural steel whose sole purpose is to carry dynamic loads from a
seismic event need not be protected solely to meet fire barrier criteria, unless the failure of any
structural steel member owing to a fire could result in significant degradation of the fire barrier.
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Technical Rationale-This criteria is necessary to specify a level of fire area performance that is
acceptable in order to limit damage between adjacent fire areas and their associated hazards.
Specification of fire area parameters increases the likelihood that a fire is contained within the
same fire area and will not extend to involve SSCs in another fire area. This criteria is based on
Regulatory Guide 1.189, Rev 0, Sections 2.1.4, 4.1.2.1, 4.1.2.2, 4.2.1, .4.2.1.4, 4.2.2 and
Appendix A, A-2, which specify the criteria for fire area construction and compartmentation.

Criteria-Fire barrier walls that also act as part of a radioactive material confinement structure
shall be able to withstand the worst case fire condition assuming a loss of any active fire
suppression systems within the fire area. The fire resistance of these fire area and confinement
barrier enclosures shall be attained by the use of monolithic concrete construction.

Technical Rationale-This criteria is necessary to specify a level of fire area performance that is
acceptable in order to limit fire damage and maintain confinement during a worst case fire
exposure condition. Specification of this fire barrier performance increases the likelihood that a
fire is prevented from breaching the fire area boundary and will not result in the loss of
confinement for the structure. This criteria is based on Regulatory Guide 1.189, Rev 0, Section
4.12.1, which specifies the criteria for fire area construction, and DOE Standard 1066-99,
Section 9.2.2 which specifies criteria for walls serving as fire barriers and confinement
boundaries.

Criteria-Ventilation fire dampers shall be installed in ducts at fire barrier penetrations with a
minimum fire rating of two hours or greater. Fire damper specifications shall include parameters
to ensure satisfactory closure performance that addresses the total worst-case differential
pressures at the damper under airflow conditions

Technical Rationale-This criteria is necessary to specify a level of fire area performance that is
acceptable to the NRC in order to limit damage between adjacent fire areas and their associated
hazards. Specification of fire area parameters increases the likelihood that a fire is contained
within the same fire area and will not extend to involve SSCs in another fire area This criterion
is based on Regulatory Guide 1.189, Rev 0, Section 4.2.1.3, which -specifies the criteria for fire
dampers used to maintain compartmentation.

Criteria-Fire barrier penetrations that also function as environmental isolation, pressure
differential, or airborne radiation barriers shall be qualified by test to maintain barrier integrity
under such conditions.

Technical Rationale-This criteria is necessary to specify a level of fire area performance that is
acceptable to the NRC in order to limit damage between adjacent fire areas and their associated
hazards. Specification of fire area parameters increases the likelihood that a fire is contained
within the same fire area and will not extend to involve SSCs in another fire area. This criterion
is based on Regulatory Guide 1.189, Rev 0, Section 4.2.1.4, which specifies the criteria for fire
area construction and compartmentation.

Criteria-Fire barriers in non-nuclear buildings and areas shall comply with the criteria as stated
for nuclear buildings, except that fire area boundaries shall have a minimum fire rating of two
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hours. In addition, separate evaluations are not required to justify exceptions to stated criteria;
exceptions may be directly cited and justified in the fire hazards analysis for the area of concern.

Technical Rationale-This criteria is necessary to specify that the system design will be
sufficiently comprehensive and adequate to provide an adequate level of life safety and property
protection. Passive fire protection features with adequate fire protection system performance
will provide acceptable life safety for facility occupants and property protection to meet DOE
criteria. This criteria is based on DOE Order 420.1 Change 3, Section 4.2, DOE
G 440.1-5-1995, Section IV, Paragraph 4.0, and DOE Standard 1066-99, Section 9, which
specify the criteria for the minimum level of passive fire protection subsystem performance to
demonstrate that a facility occupants and property are adequately and appropriately protected
from fire hazards.

4.8.2 Surface Ventilation Design Criteria

4.8.2.1 Surface Ventilation Codes and Standards

Appflcable Applicable Codes/Standards', Regulatory Guides (RGsf, Code
Discpline Prolect SSCs of Federal Repulations (CFRs)", NUREGs4, DOE Dlrectives

ANSVIANS-67.7-1988, ANSIIANS-57.9-1992, ANSiIMFS 100-1988.
ANSI/HPS N13.1.1999, ANSIIASHRAE 55(55a)-1995, ANSIIASHRAE
62-1989, ASHRAE 2W1, ASHRAE DG-1-93, ASME AG-1-1997. ASME
N509-1989, ASME N510-1989, ERDA 76-21 (Burchsted et el. 1979),
ESD-TR-86-278 (Smith and Mosier 1986), NFPA 90A 1999, ISO

Surface 9241 -81997, SMACNA 1995, NFPA 801-1998
Mechanical Ventilation* RG 1.140 Rev2, RG 1.52 Rev2, RG 1.62 RevO. RG 3.18 RevO. RG 3.32

Rev 0, RG 3.49 Rev 0, RG 5.65, RG 8.8 Rev 3
10 CFR 20.29 CFR 1910.40 CFR 50,40 CFR61, 10 CFR 63,10 CFR 73
NUREGW0700 1996 (NRC 1996). NUREG-0800 1987 (NRC 1987)
None

Technical Rationale:
'These codes and standards support compliance with requirements of Pioect Requirements Document (Curry

and Loros 2002) such as PRD021T-004 information relative to codes and standards that DOE proposes to
apply to the design and construction of GROA as required by 10 CFR 6321 (c)(2)) PRD-W22. Suuface HVAC
System Descrption Document (BSC 2002g) and Surface ndustdul HVAC System Descwdtfon Document
(BSCw). Determination of applicable sections of these codes and standards will be determined during the
design process and in development of design products.

2 These Regulatory Guides have been determined to be critical to the development of design products for
prelimInary design. The level of conformance with regulatory positions I the Regulatory Guides will- be
determined during the design process and In development of design products that are Impacted by these
Regulatory Guides. Addressing these Regulatory Guides supports compliance with requirements In Surface
HAC System Description Document (BSC 2002g) and Surface Industl HVAC System Desclptlon
Document (SC 2002w).

3 Addressing Code of Federal Regulations supports compliance with requirements In PRD.0151P-015,
PRD-0151P-020 and PRD-021. Determination of applicable sections of these documents will be determined
during the design process and in development of design products.

' These NUREGs provides guidance on acceptable methods and approaches tat could be utilized In MGR
design

f None.
*Revised QA classification presently not available. The applicable QA classification vwill be provided when the

revised Q-Ust is available.
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Criteria-The surface facilities of the MGR shall be provided with ventilation systems to ensure
the indoor design environmental conditions for the health and safety of the facility workers, and
shall limit the release of radioactive airborne contaminants for the protection of the public and
the quality of the environment. The surface facilities shall be provided with the following types
of ventilation systems:

1. Nuclear HVAC System for the confinement areas of the following waste handling and
waste treatment facilities:

* Dry Transfer Facility #1 (DF1)
* Dry Transfer Facility #2 (DF2)
* Low Level Waste Treatment Building
* Remediation Building

2. Industrial HVAC System for the following uncontaminated (clean) areas or facilities

* Non-Confinement areas of the waste handling and waste treatment facilities not
served by the Nuclear HVAC System

* Transporter Receipt Building

* Disposal Canister Preparation Building

* Heavy Equipment Maintenance Building

* Support Areas and Offices

* Computer/Control Rooms

* Balance of Plant Facilities

Technical Rationale-The HVAC systems have been segregated based on their application to
facilities that are important to safety or conventional quality

4.8.2.2 Nuclear HVAC System

4.8.2.2.1

Citeria-The nuclear HVAC system shall maintain the nominal indoor design temperatures
defined in the following Table 4.8.2-1.
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Table 4.8.2-1. Nominal Indoor Design Temperatures

Area Summerlilnter rF DB)
Normafiy Occuped Areas (e. Offices, Maintenance Areas Access Control) 76F / 72*F
Normally Unoccupied Areas (ego Mechanical & Electrical Eqtipment Rooms,
Cask Receiving, Preparation & Handling Areas, Fuel Handling Areas, Disposal 90F I 65F
Canister Weld Areas Waste Treatment Areas) _

Unoccupied Areas (e.g., Assembly and Transfer Cells, DC Handling Cags, 104*F (max) 140F (mI)
Assembly StainM Areas, Waste Package Remediation, Lag Storage Areas) ______ (m___
Sensitive Electronics Equipment Areas (eg.. Control Rooms, Computer Roomn, 72*F I 729F
Monitoring Rooms, etc.)

NOTES: ' Temperature control Is not required during event sequence conditions such as loss of power or
equipment failure. Further study Is required to evaluate the irpact of extreme low and high
temperatures In al the listed areas.

b The values for the unoccupied areas are Intended to protect equipment (eg., electrical equipment
without capacity deration) and to prevent freezing conditions during winter.

Technical Rationale-This criteria is based on the applicable comfort criteria in ANSI/ASHRAE
55(55a)-1992, including addenda 55a-1995 - Thermal Environmental Conditions for Human
Occupancy. This is also in conformance with Appendix E of ANSJJANS-57.7-1988, American
National Standard Design Criteria for an Independent Spent Fuel Storage Installation (Water
Pool Type), Chapter 8 of 2001 ASHRAE Fundamentals Handbook and Code identified and
being procured.

4.8.2.2.2

Criteria-The nuclear HVAC system shall maintain nominal indoor relative humidity within the
ranges defined in the following Table 4.8.2-2.

Table 4.82-2. Design Relative Humidity

Area SummerlWinter
Normally Occupied Areas (eg., Offices, Maintenance Areas, Access 30%60% / 30%-W%b
Control)__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Normally Unoccupied Areas (eg., Mechanical & Electrical Equipment
Rooms, Cask Receiving & Handling Areas, Fuel Handling Areas, Lag Humidity Control Not Required'
Storage Area)
Unoccupied Areas (eg., Assembly Caells Canister Transfer Cells, Humidity Control Not Required'
Disposal Container Handling Cells) _______________

Sensitive Electronics Equipment Areas 45%-55%1 45%4 W5%H

NOTES: Special provisions may be provided for components with special humidity requirements.

b Humidity Is not controlled during loss of power or equipment failure.

e Further study Is required to evaluate the Impact of humidity on sensitive electronic equipment.

Technical Rationale-This criteria is in accordance with the applicable comfort criteria in
ANSI/ASHRAE SS(SSa)-1992, including addenda 55a-1995 - hermal Environmental
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Conditions for Human Occupancy. This is also in conformance with Chapter 8 of 2001
ASHRAE Fundamentals Handbook, and Code which has been identified and is being procured.

4.8.2.2.3

Criteria-The nuclear HVAC system shall be designed based on the ambient (outdoor) design
condition indicated in the following Table 4.8.2-3.

Table 4.82-3. Ambient (Outdoor) Design Condition

Parameters Desgn Data
Latitude: 36.62'

Site: Mercury, Nevada Longitude: 116.0;Site: Mercury, Nevada ~~~~Elevation: 3310 feet
Frequency of
Occurrence Temperature

Heating Dry-Bulb 99.6% 24*F
Cooling Dry-Bulb .A% 102OF
Cooling Mean Coincident Wet Bulb 0.4% 65'F
Wet Bulb OA% 69 F
Dew Point OA% 64F
Mean Coincident Dry-Bulb 0A% 72F
Range of Dry-Bulb 25.OF

Technical Rationale-The outdoor design conditions are obtained from Tables IA and B in
Chapter 27 of the 2001 ASHRAE Fundamentals Handbook This criteria establishes the outdoor
design requirements for the heating and cooling load calculations. The selection of Mercury,
Nevada as the representative site is appropriate due to its close proximity to the North Portal
area The data provided in the above Table 4.8.2-3 is not intended to be all-inclusive and
additional data may be obtained from qualified sources to implement the requirement of the
Energy Conservation Program. Deviation from the specific parameters must be documented.

4.8.2.2A

Criteria-The nuclear HVAC system shall maintain the differential pressures between the
prescribed contamination confinement areas of the facilities during normal operating mode and
during an event sequence in accordance with the following Table 4.8.2-4
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Table 4.8.2-4. Differential Pressures in Confinement end Non-Confinement Areas

Confinement Zone
Classification Definition Pressure Requirement

Areas where radioactive materials or
Primary contamination is present during normal 7 to -1.15 In. wg relative to Tetondary

___________________operations 0it 11InwgrlivtoTtay

Areas where potential for
contamination is greater than the- 0.1 to -0.15 In. wg relative to Tertiary,

Secondary tertiary, or could become contaminated and at least -025 In. wg relative to the
from an abnormat event atmosphere

Tertiary Areas where potential for -0.1 to -0.15 In. wg relative toTertiary contamination Is lesser than the amshr
secondary

Non-Confinement Area Areas with no potential for A phercto0.15in.wg
________________Area contamination _________________________

Technical Rationale-The confinement zone classification definitions and pressure requirements
in Table 4.8.2-4 above were obtained from Sections 1 and 2 of ASHRAE DG-1-93, Heating.
Ventilating, and Air-Conditioning Design Guide for Department of Energy Nuclear Facilities.
Also conforms to the regulatory position described in Section C of Regulatory Guide 3.18, Rev
0, Confinement Barriers and Systems for Fuel Reprocessing Plants, and with Section C of
Regulatory Guide 3.32, Rev 0, General Design Guide for Ventilation Systems for Fuel
Reprocessing Plants.

4.8.2.2.5

Criteria-The nuclear HVAC system shall, in conjunction with physical barriers, divide and
arrange the waste handling and treatment facilities into prescribed contamination confinement
compartments based on their level of, or potential for, airborne radioactive or hazardous
contamination. The confinement zone classification and boundaries shall be based on
consideration of the type, quantity, physical and chemical form, and packaging of the nuclear
materials handled by the facility. Engineering judgement based on past experience for similar
application shall be used to detenmine the preliminary confinement zone boundaries. The final
boundaries will be determined during the design process based on quantitative calculations of
radioactive contaminants in the facility.

Technical Rationale-This citeria is in accordance with Section C of Regulatory Guide 3.18, Rev
0, Confinement Barriers and Systems for Fuel Reprocessing Plants, and Section C of Regulatory
Guide 3.32, Rev 0, General Design Guidelines for Ventilation Systems for Fuel Reprocessing
Plants.

4.8.2.2.6

Crteria-The nuclear HVAC system shall be designed such that the primary, secondary, tertiary,
and the non-confinement areas ventilation system are separate and independent from each other.

Technical Rationale-This criteria is based on the general requirement of designing the
ventilation system based on the level.of potential for airborne radioactive contamination in
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accordance with Section 6.6 of ANSI/ANS-57.7-1988, Design Criteriafor an Independent Spent
Fuel Storage Installation (Water Pool Type), to reduce the potential for cross contamination
within the facility. This criteria also supports the general requirement in 10 CFR 63.112(e)(1)
which requires performance analysis of the SSCs that are important to safety to include
consideration of a means to limit concentrations of radioactive materials in air. This criterion
also supports the performance objective of 10 CFR 63.111(a)(1), which requires geologic
repository operation area to meet the requirements of 10 CFR 20, Standards for Protection
Against Radiation.

4.8.2.2.7

Crteria-The nuclear HVAC system shall provide once-through ventilation system in the
primary and secondary confinement areas of the facilities as defined in Table 4.8.24.

Technical Rationak-This criterion supports the requirement in Section 6.6.2.2.3.1 of
ANSI/ANS-57.7-1988, Design Criteria for an Independent Spent Fuel Storage Installation
(Water Pool 2lpe), which requires that subsystem with high potential for contamination be
designed for once-through flow. This criterion is also based on the general requirement of 10
CFR 63.112(eXl) which requires performance analysis of the SSCs that are important to safety
to include consideration of a means to limit concentrations of radioactive materials in air. This
criterion also supports the performance objective of IOCFR63.1 1 (aX1), which requires geologic
repository operation area to meet the requirements of 1OCFR20, Standards for Protection
Against Radiaton

4.8.2.2.8

Criteria-The nuclear HVAC system utilizing the recirculation system for the tertiary and
non-confinement areas shall be provided with outdoor air of no less than 10% of the total system
supply airflow rate, or as required to maintain proper indoor air quality, for the safety, comfort,
and health of the occupational workers in the normally occupied areas.

Technical Rationale-The required outdoor air is to meet the requirements in Table 2 of
ANSI/ASHRAE 62-1989, Ventilation for Acceptable Indoor Air Quality. The 2001 ASHRAE
Fundamentals Handbook, Chapter 26, Ventilation and Infiltration, state that the conventional air
handling systems utilizing the recirculation systems provides approximately 10% to 400/. outside
air fraction for ventilation purposes.

4.8.2.2.9

Criteria-The nuclear HVAC supply subsystem shall be comprised of the necessary controls and
interlocks, air handling units with filters and coils, supply fans and distribution ductwork, and
balancing devices. The nuclear HVAC exhaust subsystem in the confinement areas shall be
comprised of the necessary controls and interlocks, exhaust air cleanup units, exhaust fans and
ductwork, and balancing devices.

Technical Rationale-This criteria is in accordance with ASME/AG-1-1997 - Code on Nuclear
Air and Gas Treatment. This criterion is also in accordance with ASME N509-1989 - Nuclear
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Power Plant Air-Cleaning Units and Components, and with ASME N510-1989 - Testing of
Nuclear Air Treatment Systems.

4.8.22.10

Criteria-The nuclear HVAC system design utilizing a recirculation system for any
contamination confinement area shall include at least one stage of HBEPA filters.

Technical Rationale-This criteria is based on Sections 6.6.2.2.2.2 of ANSIIANS-57.7-1988,
Design Criteria for an Independent Spent Fuel Storage Installation (Water Pool Type) which
requires filtration of the recirculated air through a HEPA filter unit to prevent buildup of
radioactive particulate in the air.

4.8.2.2.11

Crieria-The exhaust from the confinement areas through air cleaning units shall be provided
with the required stages of 99.97 % High Efficiency Particulate Air (HEPA) filters, and prefilters
and carbon adsorbers (if required), to assists in the removal of airborne radioactive contaminants.
The required stages of HEPA filters will be determined during the design process by analyzing
the derived air concentration (DAC) of radioactive particulate matter in the confinement areas.

Technical Rationale-This criteria is based on the general performance requirement of
ANSIIANS-57.7-1988, Design Criteria for an Independent Spent Fuel Storage Installation
(Water Pool Type), which requires the ventilation system to be designed and installed with the
capability to collect radioactive airborne particulates during normal operation of the facility.
Sections 6.6.2.2.2.1 and 6.6.2.2.3.1 of ANSIIANS-57.7-1988 requires the use of 90%/a prefilters
and 99.97% HEPA filter banks for the confinement areas. Section 2.2.1 of ERDA 76-21,
Nuclear Air Cleaning Handbook Design, Construction, and Testing of High-Efficiency Air
Cleaning Systems for Nuclear Application, requires two stages of HEPA filters in the air
cleaning units for the primary confinement areas.

4.8.2.2.12

Criteria-The airflow capacity of a 24" x 24" x 11-1/2" HEPA filter module shall be 1000 cfin at
clean filter resistance of I inch wg and the maximum size of an air cleaning unit shall be limited
to 30,000 cfn.

Technical Rationale-This HEPA filter size is based on the requirement of Section 3.2.1 and
Table 3.1 of ERDA 76-21, Nuclear Air Cleaning Handbook Design, Construction, and Testing
of High-Efficiency Air Cleaning Systems for Nuclear Application. The maximum size of the air
cleaning unit is based on of Section 4.1 of ERDA 76-21, Nuclear Air Cleaning Handbook
Design Construction and Testing of High-Efficiency Air Cleaning Systems for Nuclear
Application and paragraph 3.2 of NRC Regulatory Guide 1.140, Rev 2.

4.8.2.2.13

Criteria-The nuclear HVAC system shall be designed such that the confinement areas are
provided with an air change fiequency of 4 to 8 air changes .per hour. Determination of the
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actual number of air changes will be determined during the design process by analyzing the
derived air concentration (AC) of radioactive particulate matter in the confinement areas, and
will be compared with the cooling requirements for adequacy.

TechnicalRationale-This criteria is based on the general requirement of Section 6 of ASHRAE
DG-I-1993, Heating, Ventilating, and Air-Conditioning Design Guide for Department of Energy
Nuclear Facilities, for contamination control and to preclude buildup of combustible or toxic
gases from reaching dangerous level.

4.8.2.2.14

Criteria-The nuclear HVAC confinement exhaust air discharge for each waste handling and
waste treatment building shall be provided with a dedicated elevated vent stack

Technical Rationale-This criteria is based on qualitative economic and technical evaluation of
individual building stack versus a centrally located stack for all the buildings. These options
were presented and reviewed by the management and the individual building stack option was
selected because of its flexibility to the modular phase of building construction and its ability to
meet the allowable dispersion requirement.

4.8.2.2.15

Crfteria-The nuclear HVAC confinement exhaust air discharge vent stack shall be sized for a
minimum velocity of 2500 feet per minute and minimum height of 12 feet above the adjacent
building roof line.

Technical Rationale-This criteria is based on the recommendation from Code, which has been
identified and is being procured. The minimum velocity of 2500 feet per minute is to provide
adequate plume rise and jet dilution, and to keep moisture and rain draining down the stack. The
minimum stack height of 12 feet above the adjacent building roof line is based on Section 5.5.2
of ERDA 76-21, Nuclear Air Cleaning Handbook; Design. Construction, and Testing of
High-Efficiency Air Cleaning Systems for Nuclear Application. This minimum stack height is to
prevent recirculation of stack effluents into the air intake and to prevent accidental inhalation of
potentially contaminated air by the maintenance personnel.

4.8.2.2.16

Criteria-The plant vent stack shall be provided with continuous air emission monitoring of the
effluent air from the confinement areas. This design objective ensures that the maintenance
personnel are forewarned of unsafe system conditions.

Technical Rationale-This criteria is in conformance with Section 6.6.2.2.3.4 of
ANSI/ANS-57.9-1992, Design Criteria for an Independent Spent Fuel Storage Installation (Dry
Tb~e).
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4.8.2.2.17

Criteria-The nuclear HVAC system configuration, operation, and maintenance activities shall
incorporate as low as is reasonably achievable (ALARA) principles to maintain radiation doses
to all occupational workers to below regulatory limits.

Technical Rationale-This criteria is in accordance with 10 CFR 20 - Standardfor Protection
Against Radiation.

4.8.2.2.18

Criteria-The nuclear HVAC system shall be designed to ensure that occupational doses are as
low as is reasonably achievable in accordance with the project ALARA program goals. This
design objectives ensures the sstem's continuous operation and readiness to perform its safety
function while achieving the occupational ALARA goals during- the planning, design, and
operations phases.

Technical Rationale-This criteria is in accordance with the applicable guidelines of Regulatory
Guide 8.8, Rev 3, Information Relevant to Ensuring that Occupational Radiation Exposures at
Nuclear Power Stations will be as Low as is Reasonably Achievable

4.8.2.2.19

Criteria-The nuclear HVAC system shall be designed to provide an exhaust airflow pattern from
areas of low potential for contamination to areas of higher potential for contamination.

Technical Rationale-This criteria is based on the general requirement of Figure 1-1 of
ASHRAE DG-l-1993, Heating. Ventilating, and Air-Conditioning Design Guidefor Department
of Energy Nuclear Facilities. This criterion also supports the requirement in Section 6.6.2.1.2 of
ANSIIANS-57.7-1988, Design Criteria for an Independent Spent Fuel Storage Installation
(Water Pool Type), to reduce the potential for cross contamination within the facility.

4.8.2.2.20

Criteria-The nuclear HVAC system shall maintain a controlled airflow path directed from the
outside environment to areas of lesser potential for contamination, then to areas of greater
potential for exposure to airborne radioactive materials. This limits the spread or releases of
those airborne radioactive materials and helps to reduce the potential for cross-contamination
between areas within the confines of the nuclear facilities.

Technical Rationale-This criteria is in accordance with Section 6.6.2.1.2 of
ANSI/ANS-57.7-1988, Design Criteria for an Independent Spent Fuel Storage Installation
(Water Pool ype).
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4.8.22.21

Criteria-The nuclear HVAC system shall be capable of isolating areas or zones subject to
contamination by airborne radioactive materials from those that have no potential for
contamination by those materials.

Technical Rationale-This criteria is in accordance with Section 5.6 of ANSIIANS-57.7-1988,
Design Criteriafor an Independent Spent Fuel Storage Installation (Water Pool 1pe).

4.8.2.2.22

Criteria-The nuclear HVAC system shall be provided with filters at the inlet air to prevent
accumulation of nuisance dust or other toxic particulate matter in the facility. Adequate filtration
of the inlet air is required to reduce the accumulation of nuisance dust on the potentially
contaminated exhaust filters in the air cleanup units.

Technical Rationale-This criteria is in accordance with Section 6.6.2.1 of
ANSI/ANS-57.7-1988, Design Criteria for an Independent Spent Fuel Storage Installation
(Water Pool Type).

4.8.2.2.23

Criteria-The nuclear HVAC system shall be provided with all the necessary instrumentation and
control hardware that directly operates, controls, monitors, alarms, and provide equipment status
required to identify the meaning and significance of the conditions for the functions identified in
Table 4.8.2-5.
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Table 4.8;2-5. System Monitoring, Status, and Alarm Functions

Requirements Location I Characteristics
Indication and control of air temperature at strategic locations of the systemsSpace Temperature and hI the waste handling and waste treatment facilties

Air Flow Rate All filter trains, stack exhaust
Filters, moisture elimInators, and at strategic locations of the waste handling

Diferential Pressure and waste treatment facilities, which require specific pressure differential
control with respect to other areas or the outside atmosphere

Radiation Level Indication Indication of radiation level.at the HEPA filtration units and at the stack
and Monitoring discharge to ALARA.
SmoketHigh Heat Detection Interface with the fire protection system for protecion ventilation
Detection ductwork and final exhaust units
On-rOff Status Status for all electrical powered or controlled equipment
Oen-Closed Status for all motor and air operated valves and dampers
Failure Alarms Alarm the failure of al equlpnent and components

NOTES: The following issues will be identified In future revision:

a The system manual and automatic start, operation, and stop controls.

b The system operator control panels, indicators, and alarms.

c The system Instrumentation and control hardware ranges, setpoints, and nominal operating
value.

d The system Instumentation and control hardware subject to technical spedfication
requirements.

Technical Rationale-The nuclear HVAC system provides the means to monitor and limit the
spread or release of radioactive contaminants. It facilitates prompt termination of operations and
permit evacuation of personnel during an emergency. Instrumentation (with appropriate alarm
setpoints) for the air cleaning units are specified in Section 4.9.2 and Tables 4-1 and 4-2 of
ASME N509-1989, Nuclear Power Plant Air-Cleaning Units and Components, in Section 5.6 of
ERDA 76-21, Nuclear Air Cleaning Handbook; Design, Construction, and Testing of
High-Efficiency Air Cleaning Systems for Nuclear Application, and in Section A of ASME
AG-1-1997, Code on Nuclear Air and Gas Treatment.

4.8.2.2.24

Criteria-Ductwork conveying air that is normally contaminated with airborne radioactive
contaminants, or those ductwork with great potential for being contaminated by airborne
radioactive contaminants shall be designed to prevent accumulation or trapping of such
contaminants, and shall be provided with access doors or hatches at strategic and accessible
locations.

Technical Rationale-This criteria is in conformance with the requirements of Section 2.3.8 of
ERDA 76-21, Nuclear Air Cleaning Handbook Design, Construction, and Testing of
High-Efficiency Air Cleaning Systemsfor Nuclear Application.
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4.8.2.2.25

Criteria-The nuclear HVAC system shall permit periodic inspection, in-place testing, and
maintenance of the system's equipment and components.

Technical Rationale-This criteria is in conformance with the requirements in
10 CFR 63.112(e)(13), and with Section 2.3.8 of ERDA 76-21, NuclearAir Cleaning Handbook,
Design, Construction, and Testing of High-Efficiency Air Cleaning Systems for Nuclear
Application.

4.8.2.2.26

Criteria-The nuclear HVAC system shall facilitate safe decontamination, dismantlement, and
removal of structures, systems, or components. This criteria specifies general performance
requirements to limit radiation exposures and spread or releases of airborne radioactive material.

Technical Radonale-This criteria is in accordance with 10 CFR 63.52.

4.8.2.2.27

Criteria-The nuclear HVAC system shall be provided with sufficient redundancy and/or standby
units to ensure its continued operation in the event of a failure of any of its components during
normal operation and during an event sequence, or during maintenance.

Technical Rationale-This criteria meets the requirement of Section 9 of ASHRAE DG-1-1993,
Heating, Ventilating, and Air-Conditioning Design Guide for Department of Energy Nuclear
Facilities.

4.8.2.2.28

Criterion-The nuclear HVAC system shall interface with the fire protection features, such as fire
rated barriers, fire suppression, fire detection, and with the alarm system. The system shall be
constructed from non-combustible and heat resistant materials and located so it can continue to
perform its safety function effectively under acredible fire event sequence.

Technical Rationale-This criteria is in accordance with the criteria specified in Section 4.8.1,
and with the applicable requirements specified in Chapter 3, Section 3-9 of NFPA 801-1998,
Standardfor Fire Protectionfor Facilities Handling Radioactive Materias.

4.8.2.2.29

Criteria-The nuclear HVAC system shall interface with the Site Radiological Monitoring
System to provide continuous monitoring for radioactive contaminants in the system's exhaust
air during normal operation and during an event sequence.

Technical Rationale-This criteria is in accordance with the criteria specified in Section 4.6.2,
and with the applicable requirements in Section 6.5.3 of ANSI/ANS-57.9-1992,Design Critena
for an Independent Spent Fuel Storage Installation (Dry Type). The referenced documents
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establish the minimum instrumentation and controls required to assess system performance and
continuous monitoring (and alarm) of radioactive level in the ventilation exhaust system. This is
also in conformance with ANS/HPS N13.1. 1999. American National Standard Sampling and
Monitoring Releases of Airborne Radioactive Substances from the Stacks and Ducts of Nuclear
Facilities.

4.8.2.2.30

Criteria-The nuclear HVAC system shall interface with the Digital Control and Management
information System and the Normal Electrical Power System, and if required with the
Emergency or Standby Electrical Power System.

Technical Rationale-This criteria is required for providing reliable power and control
management to ensure continuous operation and continuous monitoring of the Nuclear HVAC
System.

4.8.2.2.31

Criteria-The nuclear HVAC system design shall include environmental, safety, and health
requirements related to personnel safety and Occupational Safety and Health Administration
considerations. Included are considerations to minimize noise and confined spaces that may
compromise work during component installation, maintenance, and/or replacement. This also
ensures that all rotating equipment or moving parts are adequately.provided with safety
enclosures, guardrails or safety screens, safety disconnect switches, and lighting to protect
personnel from accidentally getting caught in the rotating machine during all system operating or
maintenance modes.

Technical Rationale-This criteria is in accordance with Section 6.6.2.1A of
ANSI/ANS-57.7-1988, Design Criteria for an Independent Spent Fuel Storage Installation
(Water Pool Type), and 29 CFR 1910, OSHX Safety and Health Standards.

4.8.2.2.32

Criteria-The nuclear HVAC system components located within the confines of the facility shall
be designed to operate in the environmental conditions (temperature and humidity) as defined in
Tables 4.8.2-1 and 4.8.2-2, and as required for expected radiation levels.

Technical Rationale-This criteria establishes the equipment environmental compatibility in
accordance with Section 6.9.2 of ANSIIANS-57.7-1988, American National Standard Design
Criteria for an Independent Spent Fuel Storage Installation (Water Pool Type). This standard
states: "System components shall be designed and qualified to operate within environmental
limits established for their location within the installation including but not limited to,
temperature, humidity, and radiation levels for the applicable performance requirements."
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4.8.2.233

Criteria-The nuclear HVAC system components located outdoors shall be designed for the
maximum wind speed that is specified in Section 6.1, Natural Phenomena, of this document
Wind is an environmental parameter that can affect buildings and structures located outside.

Technical Rationale-This criteria ensures that outdoor components are adequately protected
from the wind and can perform their design operation and readiness fiction in accordance with
the requirements of 10 CFR 63.112(e).

4.8.2.2.34

Criteria-The nuclear HVAC system components located outdoors shall be designed to operate in
the extreme outside (ambient) temperature specified in Section 6.1, Natural Phenomena, of this
document.

Technical Rationale-The outside temperature is an environmental condition that affects
component performance or result in their accelerated degradation. This criteria establishes the
outdoor temperature range in which the system's components are expected to operate in
accordance with the equipment manufacturer recommendations to ensure system's continued
operation and readiness.

4.8.2.2.35

Criteria-The nuclear HVAC system components located outside shall be designed for an
external environment with maximum daily snowfall and precipitation as specified in Section 6.1,
Natural Phenomena, of this document.

Technical Rationale-This criteria is in accordance with Section 2.3.3 of ERDA 76-21, Nuclear
Air Cleaning Handbook Design, Construction, and Testing of High-Effciency Air Cleaning
Systemsfor Nuclear Application, which emphasizes the importance of protecting the supply air
intakes from the environmental elements. Similar requirements are invoked in Sections 6.4.4.1.3
and 6.4.4.1.4 of ANSIIANS-57.9-1992, Design Criteria for an Independent Spent Fuel Storage
Installation (Dry 2),e). This requirement establishes the snowfall and precipitation conditions
in which the system's components are expected to operate to ensure the system's continued
operation and readiness in accordance with the equipment manufacturer recommendations.

4.8.2.2.36

Criteria-The nuclear HVAC system components located outside shall be designed for the
ambient relative humidity environment specified in Section 6.1, Natural Phenomena, of this
document.

Technical Rationale-This criteria is in accordance with Section 2.3.3 of ERDA 76-21, Nuclear
Air Cleaning Handbook Design, Construction, and Testing of High-Efficiency Air Cleaning
Systemsfor Nuclear Application, which emphasizes the importance of protecting the supply air
intakes from the environmental elements. Similar requirements are invoked in Sections 6.4.4.1.3
and 6.4A.1.4 of ANSI/ANS-57.9-1992, Design Criteriafor an Independent Spent Fuel Storage
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Installation BDhy Type). Ths requirement establishes the external environment humidity in
which the system's components are expected to operate to ensure the system's continued
operation and readiness in accordance with the equipment manufacturer recommendations.

4.8.2.2.37

Criteria-The nuclear HVAC system components susceptible to blockage or damage by sand
(e.g., air intake system and outdoor units) shall be protected from and designed to operate in
sandstorms.

Technical Rationale-This criteria is in accordance with Section 2.3.3 of ERDA 76-21, Nuclear
Air Cleaning Handbook; Design, Construction, and Testing of High-Efficiency Air Cleaning
Systems for Nuclear Application, which emphasizes the importance of protecting the supply air
intakes from the environmental elements. Similar requirements are invoked in Sections 6A.4.1.3
and 6.4.4.1.4 of ANSVANS-57.9-1992 - Design Criteriafor an Independent Spent Fuel Storage
Installation (ry Type). This requirement establishes effect of sandstorms on the air intake
systems and on the outdoor equipment coatings and seals.

4.8.2.2.38

Criteria-The nuclear HVAC system components that provides confinement and filtration of
airborne radioactivity, if required, shall be designed to function during and after a design basis
earthquake.

Technical RatonaL-This criteria supports the general requirement in 10 CFR 63.112(e)(8)
which requires performance analysis of the SSCs that are important to safety to include
consideration of the ability to perform their intended safety functions assuming the occurrence of
an event sequence.

4.8.2.2.39

Criera-The nuclear HVAC system components that provides confinement and filtration of
airborne radioactivity shall be designed, if required, to function following a design basis tornado.

Technical Rationale-This criteria supports the general requirement in 10 CFR 63.112(e)(8)
which requires performance analysis of the SSCs that are important to safety to include
consideration of the ability to perform their intended safety functions assuming the occurrence of
an event sequence. The parameters for the tornado loads are in accordance with
paragraph 4.2.2.3.7 of this document.

4.8.2.2.40

Criteria-The nuclear HVAC system design shall ensure that the coating and materials of
construction of the system components shall be compatible with other mechanical components,
as well as with the waste forms being handled, and any deleterious chemicals resulting from
process functions.
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Technical Rationale-This criteria complies with Section 6.6 of ANSIIANS-57.7-1988, Design
Criteria for an Independent Spent Fuel Storage Installation (Water Pool Type) and also with
Section 6.5 of ANSIJANS-57.9-1992, Design Criteria for an Independent Spent Fuel Storage
Installation (Thy Type).

4.8.2.2.41

Criteria-The Nuclear HYAC system ductwork, air cleaning units and components shall be
designed, constructed and supported to remain in-place during normal operation and including an
event sequence, and the pressure boundary leakage shall be limited to that allowed by the system
fimctional and environmental design requirements.

Technical Rationale-This criteria is in accordance with SMACNA-l995, HVAC Duct
Construction Standards, and with Section SA and TA of ASME AG-1-1997, Code on Nuclear
Air and Gas Treatment.

4.8.2.2A2

Crieria-The design of the nuclear HVAC system shall be in accordance with the physical
security criteria applicable to the MOR facilities. Physical barriers, if required, shall be provided
in the outside air intake and exhaust openings to provide delay to forced entry into the protected
or restricted areas of the facility.

Technical Rationale-This complies with the requirements of 10 CFR 73, Physical Protection o.f
Plants and Materials, and also with Regulatory Guide 5.65, Vital Area Access Controls,
Protection of Physical Security Eqipment, and Key and Lock Controls.

4.8.2.2A3

Criteria-The nuclear HVAC system total air and water subsystems shall'be tested, balanced, and
adjusted.

Technical Rationale-The criteria is in accordance with the requirement specified in a Code,
which has been identified and is being procured

4.8.2.3 Industrial HVAC System

4.8.2.3.1

Criteria-The industrial HVAC system shall maintain the nominal indoor design temperatures
defined in Table 4.8.2-7.
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Table 4.82-7. Nominal Indoor Design Temperatures

Area Sumernminter CIF VB)
Normally Occupied Areas (e.g., Offices, Access Control, etc.) 76-F I 72*F
Normally Unoccupied Areas (e.g., Mechanical & Electrical Equipment Rooms, 104*F / 65F
Warehouses, Shops, etc.)
Sensitive Electronics Equipment Areas (e.g., Control Rooms, Computer 72F / 72*F
Rooms, Monftorlng Rooms, etc.) _ 7 2 _ _

NOTE: Temperature control Is not required during event sequence conditions such as loss of power or
equipment fallure.

Technical Rationale-This criteria is in accordance with the applicable comfort criteria in
ANSI/ASHRAE 55(55a1992, including addenda 55a-1995 - Thermal Environmental
Conditions for Human Occupancy. This is also in conformance with ANSI/ANS-57.7-1988,
Appendix E - American National Standard Design Criteria for an Independent Spent Fuel
Storage Installation (Water Pool 7)pe), Chapter 8 of 2001 ASHRAE Fundamentals Handbook,
and Code, which has been identified and is being procured.

4.8.2.3.2

Criteria-The industrial HVAC system shall maintain nominal indoor relative humidity within
the ranges defined in Table 4.8.2-8.

Table 4.8.28. Design Relative Humidity

Area Sumrnm lnter
Normally Occupied Areas (eg., Offices, Access Control, etc.) 30%460% 1 30%-60(b

Normally Unoccupied Areas (e.g., Mechanical & Etical Equipment Humidity Control Not Required!
Rooms, Warehouses, Shops, etc.)
Sensitive Electronics Equipment Areas (eg., Control Rooms, 45%-55%1 ,45%55%*c
Computer Rooms, Monitoring Rooms, etc. 
NOTES: ' Special provisions may be provided for components with special humidity requirements.

b Humidity Is not controlled during loss of power or equipment failure.

' Further study Is required lo evaluate the brnpact of humidity on sensitive electronic equipment

Technical Rationale-This criteria is in accordance with the applicable comfort criteria in
ANSI/ASHRAE 55(55a)-1992, including addenda 55a-199 - Thermal Environmental
Conditions for Human Occupancy. This is also in conformance with Chapter 8 of 2001
ASHRAE Fundamentals Handbook, and Code, which has been identified and is being procured..
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4.8.2.3.3

Criteria-The industrial HVAC system shall be designed based on the ambient (outdoor) design
condition indicated in Table 4.8.2-9.

Table 4.8.2-9. Ambient (Outdoor) Design Condition

Parameters Design Data
Latitude: 36.6?
Longitude: 116.02

Elevation: 3310feet
Site: Mercury, Nevada Use for Personnel Comfort Use where Close Temperature or

Systm Humidity I Required
Frequency of Tmrau Frequency of Temperature
occurrence Temperaturerrence

Heating Dry-Bulb 99% 28F 99.6% 24F
Cooling Dry-Bulb 1% 100F OA% 102F
Coolinm Mean Coincident Wet Bulb 1% 64F 0.4% 65'F
WetBulb 1% 6rF 0.4% 69*F
Dew Point 1% 60F OA% 64*F
Mean Coincident Dry-Bulb 1% 7rF 0.4% 72'F
Range of Dry-Sulb 25.9'F 25.9"F

Technical Rationae-The outdoor design conditions are obtained fom Tables IA and B in
Chapter 27 of the 2001 ASHRAE Fundamentals Handbook. This criterion establishes the
outdoor design requirements for the heating and cooling load calculations. The selection
Mercury, Nevada as the representative site is appropriate due to its close proximity to the North
Portal area. The data provided in Table 4.8.2-9 is not intended to be all-inclusive and additional
data may be obtained from qualified sources to implement the requirement of the Energy
Conservation Program. Deviation from the specific parameters must be documented.

4.8.2.3A

Criteria-The industrial HVAC system utilizing the recirculation system shall be provided with
outdoor air of no less than 10 percent of the total system supply airflow, or as required to
maintain proper indoor air quality and slight pressurization relative to atmosphere, or to adjacent
confinement areas.

Technical Rationale-The required outdoor air is to meet the requirements of ANSI/ASHRAE
62-1989, Table 2, Ventilation for Acceptable Indoor Air Qality for the safety, health and
comfort of the occupational workers, and to minimize infiltration of unconditioned air and/or
nuisance dust during normal operation. The 2001 ASHRAE Fundamentals Handbook,
Chapter 26, Ventilation and Infiltration, state that the conventional air handling systems utilizing
the recirculation systems provides approximately 10 percent to 40 percent outside air fraction for
ventilation purposes.
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4.8.2.3.5

Criteria-The industrial HVAC system design shall be designed such that the normally occupied
areas are provided with a circulation air change frequency of 4 to 10 air changes per hour. If the
area has high internal heat gain, an air change of fiequency of 10 air changes per hour shall be
provided. The actual number of air changes will be determined during the design process and
will be compared with the actual cooling or makeup air requirements for adequacy.

Technical Rationale-This criterion is to provide sufficient air movement in the occupied areas
and to maintain proper air quality standards. The range of the air change frequency is based on
Code, which has been identified and is being procured.

4.8.2.3.6

Criteria-The industrial HVAC system design shall include environmental, safety, and health
requirements related to personnel safety and Occupational Safety and Health Administration
considerations. Included are considerations to minimize noise and confined spaces that may
compromise work during component installation, maintenance, and/or replacement. This also
ensures that all rotating equipment or moving parts are adequately provided with safety
enclosures, guardrails or safety screens, safety disconnect switches, and lighting to protect
personnel from accidentally getting caught in the rotating machine during all system operating or
maintenance modes.

Technical Rationale-This criteria is in accordance with 29 CFR 1910, Occupational Safety and
Health Standards.

4.8.2.3.7

Criteria-The industrial HVAC system components located within the confines of the facilities
shall be designed to operate in the environmental conditions (temperature and humidity) as
defined in Tables 4.8.2-7 and 4.8.2-8.

Technical Rationale-This criteria establishes the conditions in which the system components are
expected to operate in accordance with the equipment manufacturer recommendation to ensure
the system's continued operation and readiness.

4.8.2.3.8

Crteria-The industrial HVAC system components located outdoors shall be designed for the
maximum wind speed that is specified in Section 6.1, Natural Phenomena, of this document
Wind is an environmental parameter that can affect buildings and stnctures located outside.

Technical Rationale-The criteria ensures that outdoor components are adequately protected
from the wind and can perform their operation function in accordance with the requirements of
10 CFR 63.112(e).
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4.8.23.9

Criteria-The industrial HVAC system components located outdoors shall be designed to operate
in the extreme outside (ambient) temperature specified in Section 6.1, Natural Phenomena, of
this document.

Technical Radonale-The outside temperature is an environmental condition that affects
component performance or result in their accelerated degradation. This criteria establishes the
outdoor temperature range in which the system's components are expected to operate in
accordance with the equipment manufacturr recommendations to ensure system's continued
operation and readiness.

4.8.2.3.10

Creria-The industrial HVAC system components located outdoors shall be designed for an
external environment with maximum daily snowfall and precipitation as specified in Section 6.1,
Natural Phenomena, of this document. This emphasizes the importance of protecting the supply
air intakes from the environmental elements.

Technical Raionale-This criteria establishes the snowfall and precipitation conditions in which
the system's components are expected to operate to ensure the system's continued operation and
readiness in accordance with the equipment manufacturer recommendations.

4.8.2.3.11

Criteria-The industrial HVAC system components located outdoors shall be designed for the
ambient relative humidity environment specified in Section 6.1, Natural Phenomena, of this
document.

Technical Rationale-This criteria establishes the external environment humidity in which the
system's components are expected to operate to ensure the system's continued operation and
readiness in accordance with the equipment manufacturer recommendations.

4.8.2.3.12

Criteria-The industrial HVAC system components susceptible to blockage or damage by sand
(e.g., air intake system and outdoor units) shall be protected from and designed to operate in
sandstorms. This emphasizes the importance of protecting the supply air intakes from the
environmental elements.

Technical Rationale-This criteria establishes the effect of sandstorms in which the system's
components are expected to operate to ensure the system's continued operation and readiness in
accordance with the equipment manufacturer recommendations.

4.8.2.3.13

Criteria-The industrial HVAC system ductwork and components shall be designed, constructed
and supported to remain in-place during normal operation and including an event sequence if
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required. The pressure boundary leakage shall be limited to that allowed by the system
functional and environmental design requirements.

Technical Rationale-This criteria is in accordance with SMACNA-1995, HAC Duct
Construction Standards and with Section SA and TA of ASME AG-1-1997, Code on Nuclear
Air and Gas Treatment.

4.8.23.14

Criteria-The industrial HVAC system shall be provided with fire protection features to operate
in conjunction with the fire rated barriers, fire suppression, fire detection, and with the fire alarm
system. The system shall be constructed from non-combustible and heat resistant materials and
located so it can continue to perfonn its fmction effectively under a credible fire event sequence.

TechnicalRationale-This criteria is in accordance with the criteria specified in Section 4.8.1 of
this document.

4.8.2.3.15

Criteria-The industrial HVAC system total air and water subsystems shall be tested, balanced,
and adjusted.

TechnicalRationale-This criteria is in accordance with the criteria specified in the Code, which
has been identified and is being procured.
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4.8.3 Subsurface Ventilation Design Criteria

4.8.3.1 Subsurface Ventilation Codes and Standards

Applicable Applicable Codes/Standards', Regulatory Guides (RGs)2, Code
Discipline Project SSCs of Federal Repulatlons CFRs'3, NUREGS, DOE Directives'

Mechanical Subsurface ANSI N13.8-1973, ASHRAE 2001, ICC-2000 (IBC). MIL-STD-1472E 1996,
Ventilation' NFPA 90A 1999. ACGIH 2001

RG 3.18 Rev 0. RG 3.32 Rev 
10 CFR .2029 CFR 19ii 29 CFR 1926 10 CFR 63
None
None

Technical Rationale:
These codes end standards support compliance with requirements of Project Requirements Document (Curry
and Loros 2002) such as PRD.002/T-004 nionnation relative to codes and standards that DOE proposes to
apply to the design and constructon of GROA as required by 10 CFR 63.21 (cX2)), PRD-2 and Subsurface
Venifatlon System Desciption Document (BSC 2003a). Determination of applicable sections of these codes
and Standards will be determined during the design process and In development of design products.

2 These Regulatory Guides have been ssessed to be critical to the development of design products for
preliminary design. The level of conf~rmance with regulatory positions in the Regulatory Guides will be
determined during the design process and In development of design products that are impacted by these
Regulatory Guides. Addressing these Regulatory Guides supports compliance with requhements in
Subsurface Ventilaion System Descripffon Document (BSC 2003a).

J Addressing Code of Federal Regulations supports compliance with requirements in PRDOI5IP-015,
PRD-015/P.020 nd PRD-01/P-021. Determination of applicable sections of these documents will be
determined during the design process and In development of design products.

4 None.
5 None

Revised QA classification presently not available. The appilcable QA classification will be provided when the
revised Q-Lst I available.

Subsurface Ventilation Design Criteria

IMPORTANT NOTE REGARDING MSHA (30 CFR 57)

DOE is not subject to the Federal Mine Safety and Health Act (MSHA) of 1977, as to the
construction and operation of any facilities in the GROA. However, some worker
protection provisions of MSHA may be used as guidance in the subsurface design of SSCs
in the GROA.

By using such guidance, there is no explicit or Implicit expectation other than its use in the
Project Design Criteria document. DOE is not obligated to comply with any aspect of
MSHA and that the Mine Safety and Health Administration has no jurisdiction or
enforcement authority over construction or operation of any facility of the MGR.
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4.8.3.2 Control of access to high radiation areas

Criteria

(a) The licensee shall ensure that each entrance or access point to a high radiation area has
one or more of the following features

(1) A control device that, upon entry into the area, causes the level of radiation to be
reduced below that level at which an individual might receive a deep-dose
equivalent of 0.1 rem (I mSv) in 1 hour at 30 centimeters from the radiation
source or from any surface that the radiation penetrates;

(2) A control device that energizes a conspicuous visible or audible alarm signal so
that the individual entering the high radiation area and the supervisor of the
activity are made aware of the entry, or

(3) Entryways that are locked, except during periods when access to the areas is
required, with positive control over each individual entry.

(b) In place of the controls required by paragraph (a) of this section for a high radiation
area, the licensee may substitute continuous direct or electronic surveillance that is
capable of preventing unauthorized entry. 10 CFR 20.1601]

(c) The licensee shall institute additional measures to ensure that an individual is not able
to gain unauthorized or inadvertent access to areas in which radiation levels could be
encountered at 500 rads (5 grays) or more in 1 hour at I meter from a radiation source
through which the radiation penetrates. [10 CFR 20.1602]

Technical Rationale-This is to ensure that the regulatory mandated access controls to high
radiation area are incorporated into the subsurface ventilation system.

4.8.3.3 Monitoring Program General Requirements

Criteria

(d) The program must be implemented so that:

(2) It provides baseline information and analysis of that information on those
parameters and natural processes pertaining to the geologic setting that may be
changed by site characterization, construction, and operational activities.

(3) It monitors and analyzes changes from the baseline condition of parameters that
could affect the performance of a geologic repository. (10 CFR 63.131d, 2
and 3].

Technical Rational-This is to ensure that the subsurface ventilation system includes interface
with general requirements of the monitoring program.
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4.8.3A Contaminant Control General Requirement

Criteria

General-Whenever hazardous substances such as dusts, fumes, mists, vapors, or gases
exist or are produced in the course of construction work, their concentrations shall not
exceed the limits specified in ACGIH 2001. When ventilation is used as an
engineering control method, the system shall be installed and operated according to the
requirements of this section.

Technical Rationale-This is to limit the concentration of hazardous substances and to provide
acceptable working environmental conditions.

4.8.3.5 General Reference for TLV Limits

Criteria

Exposure of employees to inhalation, ingestion, sirn absorption, or contact with any
material or substance at a concentration above those specified in ACGIH 2001 shall be
avoided.

Technical Rationale-This is to limit the concentration of material or substances at working
places to meet the standards of ACGIH 2001.

4.8.3.6 Underground Ventilation Design Parameters

Criteria

(k) Ventilation. (Xi) Fresh air shall be supplied to all underground work areas in
sufficient quantities to prevent dangerous or harmful accumulation of dusts, fumes,
mists, vapors or gases. [29 CFR 1926.800(k)]

(ii) Mechanical ventilation shall be provided in all underground work areas except when
the employer can demonstrate that natural ventilation provides the necessary air
quality through sufficient air volume and airflow. [29 CFR 1926.800(k)]

(4) The direction of mechanical air flow shall be reversible. [29 CFR 1926.800(k)]

Volume Per Employee

(2) A minimum of 200 cubic ft (5.7 m3) of fresh air per minute shall be supplied for each
employee underground. 29 CFR 1926.800(k)]

Drift Velocity

(3) The linear velocity of air flow in the tunnel bore in shafts, and in all other
underground work areas shall be at least 30 ft (9.15 m) per minute where blasting or
rock drilling is conducted, or where other conditions likely to produce dust, fimes,

Project Design Criteria Document 19S March 2003
FD0C101 nlb



000-3DR-MGRO-00100-000-01

mists, vapors, or gases in harmful or explosive quantities are present. 29 CFR
1926.800(k)]

Blast Fume Clearing

(5) Following blasting, ventilation systems shall exhaust smoke and fumes to the outside
atmosphere before work is resumed in affected areas. [29 CFR 1926.800(k)]

Ventilation Door Design

(6) Ventilation doors shall be designed and installed so that they remain closed when in
use, regardless of the direction of the airflow. [29 CFR 1926.800(k)]

Dust Control

(9) When drilling rock or concrete, appropriate dust control measures shall.be taken to
maintain dust levels within limits set in ACGIH 2001. Such measures may include,
but are not limited to, wet drilling, the use of vacuum collectors, and water mix spray
systems.

Dust shall be controlled at muck piles, material transfer points, crushers, and on
haulage roads where hazards to persons would be created as a result of impaired
visibility. [30 CFR 57.9315]

Diesel Use

(10)(i) Internal combustion engines, except diesel-powered engines on mobile equipment,
are prohibited underground. 29 CFR 1926.800(k)]

(ii) Mobile dicsel-powered equipment used underground in atmospheres other than gassy
operations shall be either approved by MSHA in accordance with the provisions of a CFR
that has been identified and is being procured, or shall be demonstrated by the employer to
be fully equivalent to such MSHA-approved equipment, and shall be operated in
accordance with that part. (Each brake horsepower of a diesel engine requires at least 100
cubic ft (28.32 m3) of air per minute for suitable operation in addition to the air
requirements for personnel. Some engines may require a greater amount of air to ensure
that the allowable levels of carbon monoxide, nitric oxide, and nitrogen dioxide are not
exceeded.) 29 CFR 1926.800(k)]

Technical Rationale-This is to provide part of the air quality standards and general ventilation
requirements for working places. The OSHA criteria in Section 4.8.3.6 (4) above related to
reversible mechanical airflow cannot be implemented in the planned subsurface ventilation
system design for the repository. It is recommended that BSC submit an analysis to the DOE for
their consideration in the grant of waiver or exemption for BSC from the OSHA criteria. The
OSHA criteria in Section 4.8.3.6 (6) above related to design of ventilation doors applies only
when the doors are closed not when the system is designed to keep the doors. open or partially
open.
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4.8.3.7 Fire Alarm Systems

Criteria

(a) Fire alarm systems capable of promptly warning every person underground, except as
provided in paragraph (b), shall be provided and maintained in operating condition.
[29 CFR 1910]

(b) If persons are assigned to work areas beyond the warning capabilities of the system,
provisions shall be made to alert them in a manner to provide for their safe evacuation
in the event of a fire. [29 CFR 1910]

Technical Rationale-This is to ensure that subsurface ventilation design interfaces with fire
alarm system design.

4.83.8 Underground Fan Installations

Critera

(a) Fan houses, fan bulkheads for main and booster fans, and air ducts connecting mai
fans to underground openings shall be constructed of noncombustible materials.

(b) Areas within 25 ft of main fans or booster fans shall be free of combustible materials,
except installed wiring, ground and track support, headframes, and diiect-fired heaters.
Other timber shall be coated with 1-inch of shotcrete, one-half inch of gunite, or other
noncombustible materials. [30 CFR 57.4504]

When auxiliary fan systems are used, such systems shall minimize recirculation and be
maintained to provide ventilation air that effectively sweeps the working places. 30 CFR
57.8529]

Shutdown or failure of auxiliary fans. 30 CFR 57.8534]

Technical Rationale-This is to provide general guidance for ventilation fan installations.

4.8.3.9 Underground Shops

Criteria-To confine or prevent the spread of toxic gases from a fire originating in an
underground shop where maintenance work is routinely done on mobile equipment, one of the
following measures shall be taken: use of control doors or bulkheads, routing of the mine shop
air directly to an exhaust system, reversal of mechanical ventilation, or use of an automatic fire
suppression system in conjunction with an alternate escape route. The alternative used shall at
all times provide at least the same degree of safety as control doors or bulkheads
[30 CFR 57A761].

Technical Rationale-This is to provide general guidance for ventilation fan installations.
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4.8.3.10 Exposure Limits for Airborne Contaminants and Exposure Monitoring.

Criteria-Limits in 30 CFR 57.5001 and 30 CFR 57.5002 shall be used for airborne contaminants
and exposure monitoring

Technical Rationale-This is to limit workers' exposure to airborne contaminants and to provide
general guidance for exposure monitoring.

4.8.3.11 Control of Exposure to Airborne Contaminants

Criteria-Control of employee exposure to harmful airborne contaminants shall be, insofar as
feasible, by prevention of contamination, removal by exhaust ventilation, or by dilution with
uncontaminated air. However, where accepted engineering control measures have not been
developed or when necessary by the nature of work involved (for example, while establishing
controls or occasional entry into hazardous atmospheres to perform maintenance or
investigation), employees may work for reasonable periods of time in concentrations of airborne
contaminants exceeding permissible levels if they are protected by appropriate respiratory
protective equipment. Whenever respiratory protective equipment is used a program for
selection, maintenance, training, fitting, supervision, cleaning, and use shall meet the following
minimum requirements (ANSI N13.8 -1973, Section 14.5)

Technical RaonalieThis is to control workers' exposure to airborne contaminants by proper
ventilation, orby use of protective equipment.

4.8.3.12 Radon Daughter Exposure Monitoring

Criteria

(a) In all mines at least one sample shall be taken in exhaust mine air by a competent
person to determine if concentrations of radon daughters are present. Sampling shall
be done using suggested equipment and procedures described in Section 14.3 of
ANSIN13.8-1973, American National Standard Radiation Protection in Uranium
Mines, approved July 18, 1973, pages 13-15, by the American National Standards
Institute, Inc., which is incorporated by reference. If concentrations of radon
daughters in excess of 0.1 WL are found in an exhaust air sample, thereafter

(b) If concentrations of radon daughters less than 0.1 WL are found in an exhaust mine air
sample, thereafter.

(2) Where uranium is not mined - no further exhaust mine air sampling is required.

(c) The sample date, locations, and results obtained under (a) and (b) above shall be
recorded and retained at the mine site or nearest mine office for at least two years and
shall be made available for inspection. [30 CFR 57.50371

Radon Sampling Procedure is defined in ANSI N13.8-1973 Section 14.3.3 and includes
"other procedures if they are capable of developing information of essentially the same
quality. [ANSI N13.8-1973 Section 14.3.3]
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Technical Rationale-This is to provide general guidance for radon sampling.

4.8.3.13 Radon Annual Exposure Limits

Criteria-No person shall be permitted to receive an exposure in excess of 4 WLM in any
calendar year. [29 CFR 1910.1096]

TechnicaiRRationale-This is to limit the annual radon exposure.

4.8.3.14 Maximum Permissible Radon Concentration

Criteria-Persons shall not be exposed to air containing average concentrations of radon
exceeding 30 picocuries per liter [29 CFR 1910.1096].

TechnicalRationale-This is to limit the maximum radon concentration.

4.8.3.15 Diesel Particulate Regulations

Criteria

(b) After January 19, 2006, any mine operator covered by this part must limit the
concentration of diesel particulate matter to which miners are exposed in underground
areas of a mine by restricting the average eight-hour equivalent full shift airborne
concentration of total carbon, where miners normally work or travel, to 160
micrograms per cubic meter of air (160TC ggm 3). (30 CFR 57.5060 and 30 CFR
57.5062]

Criteria for monitoring of diesel particulate and posting of the information are
provided in 30 CFR 57.5071.

Technical Rationale-This is to provide a basis for limiting worker exposure to emission of
diesel equipment, if used in the subsurface facility.

4.8.3.16 Construction, Maintenance and Use of Ventilation Doors

Criteria

Ventilation doors shall be:

(a) Substantially constructed;

(b) Covered with fire-retardant material, if constructed of wood;

(c) Maintained in good condition;

(d) Self-closing, if manually operated; and

(e) Equipped with audible or visual warning devices, if mechanically operated
(30 CFR 57.8531].
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When ventilation control doors are opened as a part of the normal mining cycle, they shall be
closed as soon as possible to re-establish normal ventilation to working places
[30 CFR 57.8532].

Ventilation control measures shall be used for.

(a) Control doors
(b) Mechanical Ventilation Reversal
(c) Evacuation [30 CFR 57.4760]

Technical Rationale-This is to provide general guidance for design, maintenance, and operation
of ventilation door.

4.8.3.17 Ventilation Barriers

CriteriSubsurface Ventilation Barriers should be designed prevent air leakage from subsurface
zones of low potential for contamination to zones of higher potential for contamination (NRC
Regulatory Guide 3.18, Rev 0).

Technical Rationale-This is to provide a basis for development of ventilation network modeling
and planning for various operating stages.

4.8.3.18 Fal-safe Features

Criteria-Subsurface ventilation systems and components should have fail-safe features to
prevent leakage of ventilation air from emplacement area to the development area normally
occupied by personnel. (NRC Regulatory Guide 3.32, Rev 0, paragraph C.la & c).

Technical Rationale-This is to protect workers in the development area from potential
contamination of emplacement area during simultaneous repository development and waste
emplacement operations.

4.8.3.19 Emergency Power

Criterid-Onsite emergency power should be provided to operate the subsurface ventilation
systems and components, including instruments and controls, ITS. (NRC Regulatory Guide 3.32,
Rev 0, paragraph C.lc & C.5d).

Technical Rationale-This is to ensure continuous operation of the subsurface ventilation
systems.

4.8.3.20 NFPA Regulation

Criteria-The subsurface ventilation system shall interface with the Fire Protection System to
ensure all applicable NFPA standards arc addressed.

Technical Ratonale-This is to ensure that applicable NFPA standards identified in Section 4.8.1
of this document are addressed.
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4.8.321 Human Engineering

Criteria-Subsurface ventilation design shall utilize, where necessary and applicable
MUSTD-1472E- 1996.

Technical Rationale-This standard establishes general human engineering criteria for design of
systems, equipment, and facilities to (1) achieve required performance by operator, control and
maintenance personnel, (2) minimize skill and personnel requirements and training time, (3)
achieve required reliability of personnel-equipment/ software combinations, and (4) foster design
standardization within and among systems.

4.83.22 Structures

Criteria-Subsurface ventilation related structures shall interface with Subsurface Structural
design and use ICC 2000 (B0) wherever applicable.

Technical Rationale-This is to ensure integration of appropriate structural codes and standards
in structural designs that impact subsurface ventilation.
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4.8.4 Waste Processing Design Criteria

4.8A.1 Waste Processing Codes and Standards

Applicable Applicable Codes/Standards', Regulatory Guide's (RGs)', Code
Discipline Project SSCs of Federal Regulatlons CFRs' NUREGs, DOE Directives'

ANSitANS4051991 ANSI/ANS-55.i-1992 ANSI/ANS-55.6-1993,
ANSU/ANS-57.7-1988, ANSI/ANS5791992, ANSVHFS IOD-1988,
ANSI/lSArS84.01-1996. ESD-TR-86-278 (Smith and Mosler 1986). ASME
B31.1-2001, ASME B31.3-2002,.ASME 2001, ICC-2000 (IBC), IEEE t.
1100-1999, IEEE Sd 1224-1993, ISO 241-10 196,1 SO 241-14 197,1[SO
9241-15 1997, ISO 9241-3 1992, ISO 9241-8 1997, ML-STD-1472E 1996.

waste NFPA 70 2002. NFPA 75 1999, UCRL-15673 (Bongaarr et al. 1985)
Mechanical Processing* RG 1.143 Rev 2, RG 1.21 Rev 1, RG 1.25 Rev 0, RG 129 Rev 3, RG3.32

Rev 0, RG 5.12 Rev 0, RG 8.8, Rev S
10 CFR 20,10 CFR 71,29 CFR 1910,29 CFR 1926,40 CFR 265 Chapter I
Subpart 1.49 CFR 173,40 CFR 61,10 CFR 61
NUREG-0700 1996 (NRC 1996)

____ ___ ___ _____N one

Technical Rationale:
These codes and standards support compliance with requirements of Proect Requirements Document (Curry
and oros 2002) such as PRD-0021T-004 (infornation relative to codes and standards that DOE proposes to
appiy to the design and construction of GROA as required by 10 CFR 63.21 (c)(2)), PRD-022 and
Site-Generated Radiological Waste System Description Document (BSC 2002q). Determination of applicable
sections of these codes and standards will be determined during the design process and In development of
design products.

2 These Regulatory Guldes have been determined to be critical to the development of design products for
preliminary design. The level of conformance with regulatory postons in the Regulatory Guides wil be
determined during the design process and hi development of design products that are Impacted by these
Regulatory Guides.
Addressing Code of Federal Regulations supports compliance with requirements in PRD-Oi15P-015, PRD-003.
PRD-IS/P-020. PRD-015P-021, PRD-021 and PRD-011arT-001. Determination of applicable sections of
these documents will be determined during the desIgn process and in development of design products.

4 This NUREGs provides guidance on acceptable methods and approaches that could be utilized In MGR design
5 None
'Revised QA classificaon presently not available. The applicable QA cassification will be provided when the

revised 0-Ust Is available.

4.8A.2 Gaseous Radioactive Waste System

4.8.42.1

Criteria-Materials for pressure related components, excluding the HVAC duct and fire
protection piping, shall conform to the requirements of the specifications for materials listed in
Section of the ASME BPVC (ASME 2001), except that malleable, wrought or cast iron
materials and plastic pipe should not be used. (Regulatory Guide 1.143, Rev 2, Par. 2.2)

Technical Rationale-This criteria is required to define acceptable materials of construction,
including material properties, for pressure containing components of this system.
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4.8.4.2.2

Criteria-Radioactive waste management SSCs shall be designed to control leakage and facilitate
access, operation, inspection, testing and maintenance in order to maintain radiation exposures to
operating and maintenance personnel as low as is reasonable achievable (ALARA). (Regulatory
Guide 1.143, Rev 2, Par. 4.1)

Technical Rationale-This criteria is required to facilitate compliance with ALARA

4.8.4.2.3

Criteria-Pressure-retaining components of process systems shall use welded construction to the
maximum practical extent. Flanged joints or suitable rapid-disconnect fittings should be used
only where maintenance or operational requirements clearly indicate such construction is
preferable. (Regulatory Guide 1.143, Rev 2, Par.4.3)

Technical Rationale-This criteria is required in order to establish a preferred piping connection
method for these systems

4.8A.2.4

Criteria-Classification of Radioactive Waste Management Systems for design purposes shall
follow the guidelines outlined in RG 1.143, Rev 2, Par 5, for High Hazard (RW-Ua), Hazardous
(RW-Ilb), and Non-Safety (RW-1lc) classifications. (Regulatory Guide 1.143, Rev 2, Par. 5)

Technical Rationale-This criteria is required in order to be consistent with the NRC endorsed
approach in Regulatory Guide 1.143, Rev 2.

4.8.4.2.5

Criteria-Process equipment in the Gaseous Radioactive Waste piping system shall be designed
per the following codes and standards identified in Table 4.8A-1 (ANSIfANS-55.1-1992,
Table 1).
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Table 4.8.4-1. Codes and Standards for the Design of SSCs In Radioactive Waste Service

Design and Welder and Procedure
Component Construction Material 'b Qualifications Inspection and Testing

Code identified,
Piping and ASME 531.1I be ced ASME Sec IX ' ANSIZASME B31.11
Valves or ASME-Sec

Vessels Code Identified,Code Identified, being beinroued ASMECode Sec K Code Identified, being
(amshrc r poue e en procured ASECdeScI procured 410 
0-1 5 psig _ _ _ _ _ _ _ _ _ _ _ _ _ _

Pressure Vessels ASME Code Sec Vill ASME Code ASME Code Sec I ASME Code Sec. Vill 

Manufacurer'sSkis.' ASME Code ASME Code Sec. IX or dee, en
Pumps Manufactures 11 Or anufacturer's Code Idenfie bei

______________ Standfacrs Sandards' procured n

ASME Code Sec. Vill ASC S Code
Heat xchangers and Code identified, being Sec. It' ASME Code See IX ASME Code Sec Vill

_ _ _ _ _ _ _ _ _ _ _ _ procured J _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _

NOTES:

* Manufacturer's material certificates of compliance with the materiel specification may be provided h Neu of certified
materials test reports. The later should be obtained whenever possible.

M Malleable wrought or cast iron materials shall not be used.

ASME Boiler and Pressure Vessel Code - 2001

Section II. Material Specifications;
Section Vil, Pressure Vessels;
Section X, Welding and Brazing Qualifications;

d .Code Identified, being procured.

* Code Identified, being procured.

Code identified, being procured.

* Code dentified, being procured.

" Fiberglass reinforced plastic tanks may be used In accordance with Part MA, Section X, American Society of Mechanical
Engineers (ASME) Boller and Pressure Vessel Code.

Code dentified, being procured.

ASME B31.1-2001. Power Piping.

' Plastic (including fiberglass-reinforced plastic) pipes shall not be used for radioactive service.

Manufacturer's Standards: Documents from Individual manufacturers of pumps.

m Code Identified, being procured.

n Hydrotesting should be at 1.5 times the design pressure.

Technicl Rationale-Regulatory Guide, 1.143, Rev 2, has identified ANSI/ANS-55.1-1992 as
the consensus standard applicable for the overall design of radioactive waste facilities.
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4.8A3 Solid Radioactive Waste System

4.8A3.1

Criteria-Materials for pressure related components, excluding HVAC ducts and fire protection
piping, shall conform to the requirements of the specifications for materials listed in Section II of
the ASME 2001, except that malleable, wrought or cast iron materials and plastic pipe should not
be used. (Regulatory Guidel.143, Rv 2, Par. 3.2)

Technical Raidonale-This criteria is required to define acceptable materials of construction,
including material properties, for pressure containing components of this system.

4.8A.3.2

Criteri-The SSCs of the solid radioactive waste treatment system shall be designed and tested
to the requirements set forth in the codes and standards listed in Section 4.8.4.1. (Regulatory
Guide 1.143, Rev 2, Par. 3.1)

Technical Rationale-This criteria is required in order to establish a set of accepted codes and
standards for design, construction, materials, welder and welding procedure qualification and
inspection and testing for various categories of mechanical equipment utilized in the radiological
waste system.

4.8.4.3.3

Criteria-The system for processing dry active waste' (DAW) shall include a volume reduction
process for treatment of the compressible fraction of the as-collected waste. Means shall be
provided in any volume reduction process for collecting and filtering the expelled gas through a
high-efficiency particulate air filter so that particulate matter will be prevented from entering the
building atmosphere. The release shall be monitored. (ANSI/ANS-55.1-1992, Par. 4.1.2.5)

Technical Rationale-This criteria is necessary to establish a rationale for volume reduction of
dry active waste, as well as for handling of expelled gases.

4.8.43.4

Criteria-System design shall incorporate gaseous waste treatment that can remove particulates
and iodine (if present) prior to release to the building and ventilation exhaust system.
(ANSJ/ANS-55.1-1992, Par.5.6.5.4)

Technical Rationale-This criteria is required in order to define a gaseous waste treatment
strategy.

4.8A.3.5

Criteria-The solid radioactive waste processing system shall acconnodate waste volumes
generated during normal operation as well as those from anticipated maintenance activities. In
addition, the system shall accommodate solid waste input for a reasonable period of time when
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normal shipment of packaged solid waste from the plant is not possible, i.e., up to 30 days of
anticipated normal waste generation. (ANSVIANS-55.1-1992, Par. 8.1)

Technical Rationale-This criteria defines a basis for sizing of the waste treatment system.

4.8A3.6

Criteria-All containers for waste that will ultimately be disposed of by near-surface disposal
shall comply with the requirements of 10 CFR 61, Licensing Requirementsfor Land Disposal of
Radioactive Waste, Subpart D, Sections 61.55, 61.56, and 61.58. In addition, wastes that are not
stabilized, are classified B or C, and rely on the waste container for stability shall be packaged in
NRC or state approved HICs. (ANSIANS-55.1-1992, Par. 5.9)

Technical Rationale-This criteria identifies the requirements for low-level waste (LLW)
containers to be used for disposal of l1W in shallow land burial sites.

4.8.4.3.7

Criteria-The compactor station design shall include area radiation monitoring instrunentation.
A gamma-sensitivc radiation detector shall be positioned to monitor the container's radiation
level. Local display of radiation levels shall be provided. Both audible and visual alarms shall
be provided. Compactor station design shall evaluate the need to include airborne radiation
monitoring instrumentation. Channels shall be provided to measure and locally display both
iodine and particulates. Both channels shall have independent audible and visual alarms. Each
channel shall use fixed filter sample assemblies. (ANSVANS-55.1-1992, Par. 5.11.3)

Technical Rationae-This criteria defines safety instrumentation to be used with waste
compaction systems.

4.8.43.8

Criteria-Liquid waste for shipment shall be satisfactorily solidified or absorbed using approved
absorbent material in sufficient volume to absorb twice the volume of liquid.
(ANSI/ANS-55.1-1992, Par. 4.1.2.1)

Technical Ratdonale-This criteria identifies a requirement for solidification or absorption of
generated liquid LLW.

4.8.4.3.9

Criteria-The solid radioactive waste processing system equipment is not required to be designed
to withstand the effects of a seismic event. (ANSI/ANS-55.1-1992, Par. 4.2.2.1)

Technical Rationale-This criteria presents a position on seismic design of LLW treatment
facilities for light water cooled reactor plants, which should be an acceptable approach for this
system.
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4.8.5 Mechanical Support System Design Criteria

4.8.5.1 Mechanical Support System Codes and Standards

Applicable Applicable CodeslStandards , Regulatory Guides (RGs)?, Code
Discipline Prolect SSCs of Federal ReAulations (CFRs?, NUREGs4, DOE Directives'

NAC 445A. NAC 445B, ANSUAWS A5.321A5.32M-97, ANSIIAWWA
DI O-96. AWWA D102-97, ASME 1631.1-2001, ASME 631.3-2002. ASME
B3IAa-2001, ICC 2000 IPC)

Mechanical None
Mechanical Support System 10 CFR 36,10 CFR 60,29 CFR 1910,29 CFR 1926.29 CFR 1960,40

CFR 141.40 CFR 143, 33 USC 1251.42 USC 300f
None
DOE Order 5400.1. Change 1. DOE 0 440.1A 1998

Technical Rationale:
I These codes and standards support compliance with requirements of PWect Requirements Document (Cuny

and Loros 2002) such as PRD-0021T-004 OInformation relative to codes and standards that DOE proposes to
apply to the design and construction of GROA as required by 10 CFR 63.21 (c)(2)), and PRD.022.
Determination of applicable sections of these codes and standards will be determined during the design
process end In development of design products.

DOE Is not subject to the Federal Mine Safety and Health Act (MSHA) of 1977. as to the construction and
operation of any facilities In the Geologic Repository Operations Area GROA). However, some worker
protection provisions of MSHA (3D CFR 57) may be used as guidance In the subsurface design of Structures,
Systems and Components In the GROA.
By using such guidance, there is no explicit or Implicit expectation other than Its use In the Project Design
Criteria document. DOE Is not obligated to comply with any aspect of MSHA and that the Mine Safety and
Health Administration has no Jurisdiction or enforcement authority over construction or operation of any facility
of the Monitored Geologic Repository.

2 None.
3 Addressing Code of Federal Regulations supports compliance with requirements In PRD-015P-015,

PRD-iS015/P.020, PRD-I015JP021 and PRD-005.
4 None.
5 Addressing DOE Standards supports compliance with requirements of PRD-01811P019. Determination of

applicable sections of DOE Standards will be determined during he design process and hI development of
design products

* Revised QA classification presentiy not available. The applicable QA classification will be provided when the
revised 0-Ust Is available.

The Mechanical Support System consists of the following subsystems:

* Water
* Fuel Oils
* Air (compressed)
* Service Gases.
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4.8.5.2 Water Supply

4.8.5.2.1

Criteria-Raw well water coming from Nevada Test Site (NTS) Well J13 and Well J12 shall be
used for the following purposes: 1) initial supply and make-up to the firewater system; 2) feed to
the softened water system; and 3) feed to the de-ionized water system

Technical Rationale-This criteria is required to define the primary sources of raw water supply
to the north, south and proposed construction portals. To accommodate estimated future
consumption requirement, modifications to the existing well water pumping, tankage, and water
line systems may be required.

4.8.5.2.2

Criteria-The water supply subsystem shall be designed so that essential safety functions can be
performed under both normal and accident conditions.

Technical Rationale-This criteria is in accordance with 10 CFR 60.131 (f)(1X2)(3), General
Design Criteria for the Geologic Repository Operations Area. Redundant pumps are to be
provided to ensure that water supply pressure is maintained and are to be connected to back up
electrical power in the event of an electrical outage. Where the possibility exists for the eyes or
body of any person to be exposed to corrosive materials, suitable facilities for quick drenching or
flushing of the eyes and body shall be provided within the immediate work area for emergency
use.

4.8.5.2.3

Criteria-The potable water subsystem shall be designed and installed to comply with all Federal,
State, and local requirements, administrative authorities, and process and sanctions regarding the
provisions of safe drinking water. Potable water shall also be used as utility water in the non-
radiological facility wash down and housekeeping.

Technical Rationale-This criteria is in accordance with 40 CFR 141 - National Primary
Drinking Water Regulations and 40 CFR 143 - National Secondary Drinking Water Regulations.
Plumbing providing water for human consumption shall be lead-free in compliance with Safe
Drinking Water Act (42 USC 300 f).

4.8.5.2.4

Criteria-The water quality monitoring system shall have the capability to sample, measure, and
analyze physical, chemical, and biological conditions consistent.with the requirements of the
Clean Water Act (33 USC 1251) and the Safe Drinking Water Act (42 USC 300 f) as identified
in their implementing regulations, 40 CFR 141 and 40 CFR 143.

Technical Rationale-This criteria is in accordance with DOE Order 5400.1, Change 1, General
Environmental Protection Program. Such capability must also be compatible with the type and
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range of concentrations/occurrences of conditions specified in the governing regulations such as
40 CFR 141, 40 CFR 143 and State and local regulations, which will be identified later.

4.8.5.2.5

Criteria-The softened water shall be used primarily for cooling tower supply/makeup and for
initial fill and make-up for the chilled water and hot water system.

Technical Rationale-To minimize the potential of hard water deposit formation on components
within the cooling tower system, the water is to be softened, replacing calcium and magnesium
ions with sodium ions. The net result of this water softening will be water conservation. If the
water going to the cooling tower were not to be softened, the amount of recycled water within
the cooling tower system would have to be decreased sufficiently to minimize hard water scale
deposit formation.

4.8.5.2.6

Criteria-The de-ionized water will be required for several operations in the surface facilities.
The primary use of de-ionized water will be for initial fill and makeup water for the fuel storage
pool in the Remediation Building (RB). Other de-ionized water users will include the Chilled
Water System, the Hot Water System and miscellaneous laboratory applications.

Technical Rationale-A de-ionized water quality with a conductivity of 0.1 micro-nmhos
(micro-sicncris) shall be adequate for fuel storage pools with normal ion exchange systems using
separate cation and anion beds. Although there is an existing requirement to maintain fuel
storage pool per 10 CFR 36.63, Pool Water Purit, this is not a requirement for the pools within
the RB. Conductivity below 20 micro-mhos sets the limit on water quality level for the purposes
of the design. Because the de-ionized water is used primarily to provide cooling for fuel in the
RB storage pools, it is important to maintain water flow in the event of a long term power
outage, for this reason, two redundant pumps will be provided with standby power.

4.8.5.2.7

Criteria-The cooling tower water will provide condenser water to the chillers. Cooling tower
water makeup is provided by the softened water subsystem. Cooling tower water system shall be
designed for economical pipe size based on ASHRAE 2001 recommended pressure drop and
pipe velocity design limitations. Make-up water shall be supplied to the cooling tower to
replenish the sum of water losses due to drift, evaporation and blow down.

Technical Rationale-The function of the cooling tower water subsystem will be to provide
evaporative cooling capacity for the Chilled Water System.

4.8.5.2.8

C*eria-Raw process water shall be provided to the subsurface for dust control and rock cuttings
removal during excavation and development of the subsurface repository. While drifts are being
excavated, water shall be supplied to the subsurface in pipelines hung on the ribs of the tunnels.
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The small and infrequent amounts of water needed for activities such as cleanup shall be
provided using mobile car-mount tank.

Technical Rationale-This process water shall be used primarily for dust suppression.

4.8.5.3 Fuel Oil

4.8.5.3.1

Criteria-Fuel storage tanks shall be designed and located in accordance with applicable
regulations and shall be accessible by tank truck and rail. Fuel oil shall be pumped from the
main storage tank to a day tank located at the Utility Building to be used as fuel for the Hot
Water (W) boilers.

Technical Rationale-This criteria is in accordance with the provisions of 29 CFR 1910,
Occupational Safety and Health Standards.

Criteria-Fuel oil shall be pumpable at the design temperature of 22.50 F. Hot water system shall
be the major consumer of fuel oil with smaller users such as emergency generator sets, back-up
diesel driven pump for the fire water system, and tank heaters associated with the fire water
system

Technical Rationale-The appropriate selection of the grade of fuel oil is important to ensure the
ability of fuel oil flow to emergency diesel engines (emergency generators, standby generators,
and diesel-driven firewater pumps) in the event of tank heater or pipe tracing failure. N. 2 (API)
fuel oil can be both stored and pumped and mechanically atomized down to about 0° F (Figure
9-4, Handbook identified, being procured), which allows the use of N. 2 fuel oil without having
to heat trace lines or heat fuel oil storage tanks.

4.8.5.4 Compressed Air

4.8.5.4.1

Criteria-The function of the breathing air will be to provide breathing air through hose
connections for the purposes of allowing personnel access into the cell areas for the performance
of non-routine maintenance and to correct off-normal occurrences.

Technical Rationale-This breathing air system is designed per the r ents of standard that
has been identified and is being procured, and 29 CFR 1910, OSHA Selected General Industry
Safety and Health standards. The air quality will comply with the requirements of code, which
has been identified and is being procured.

4.8.5A.2

Criteria-The air compressors supplying breathing air to respirators shall be constructed to
prevent entry of contaminated air into the air supply system and have suitable in-line air
purifiers, filters, and a carbon monoxide detector to ensure breathing air quality. To maintain
operator comfort, the breathing air temperature at the respirator shall be maintained between
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450 - 80° F. The breathing air supply equipment and distribution piping shall be designed to
provide 15 SCFMIoutlet. The design capacity for the breathing air supply equipment and piping
distribution systems shall be equal to the maximum number of outlets anticipated to be in use at
one time multiplied by 15 SCFM/outlet. To provide sufficient reserve capacity for emergency
egress in the event of a main air system outage, a 1000 gal (150- psig) air reserve tank shall be
installed.

Technical Rationale-This criterion is in accordance with 29 CFR 1910.134, Respirator
Protection.

4.8.5.4.3

Criteria-The breathing air subsystem shall be designed with air receivers of sufficient capacity
to enable the respirator wearer to escape from a contaminated atmosphere in the event of
compressor failure. The electric motors for the compressors shall be connected to standby power
to provide breathing air in the event of a lengthy power outage.

TechnicalRational-This criteria is in accordance with 29 CFR 1910.

4.8.5.4.4

Criteria-In addition to the engineering controls which are the primary method for providing
healthful air, respiratory equipment approved by the Occupational Safety and Health Standards
shall be provided to persons exposed for short periods to inhalation hazards from gas, dust,
fumes or mist.

Technical Rationale-This criteria is in accordance with 29 CFR 1910.

4.8.5A.5

Crteria-Since breathing air will have extremely low actual usage, the same compressor system
shall be used to provide both breathing and instrument/shop air. Air receivers and distribution
systems shall be totally independent and breathing air system shall be isolated through double
check-valves from the instrument air system. Receiver for instrument/shop air shall be sized to
allow for a reasonable shutdown of equipment in the event of compressor failure(s).

Technical Rationale-Compressed air is provided during construction and emplacement
operation phase in the surface and subsurface facilities for powering rock drills, rock bolters, rail
switches, ventilation doors, and maintenance services.

4.8.5.5 Service Gases

4.85.5.1

Criteria-The rate of consumption of service gases such as Nitrogen, Argon, Argon/Helium blend
and Helium shall be based primarily on the waste handling schedule. The total waste shipments
received in a given year shall be determined by the number of truck and rail shipments.
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Technical Rationale-Servicc Gases will be consumed in the process of receiving and
repackaging wastes for the repository. Other possible consumers of service gases, other than
those associated with receiving and repackaging activities on the surface facilities, will be the
activities associated with subsurface construction and development.

4.8.5.5.2

Criteria-Nitrogen, Argon, Argon/Helium blend, and Helium gas shall be supplied to the surface
facilities either from a dewar or from the tanks to be located near the buildings being served.

Technical Rationale-Facilities for storing and handling hazardous and combustible gases shall
be designed in accordance with 29 CFR 1910 and Compressed Gas Association. 1990.
Handbook of Compressed Gases. 3rd Edition. Compressed gas cylinders are used in
well-ventilated areas.

4.8.5.5.3

Criteria-Hoses, piping, and compressed gas cylinders shall be labeled with the identity of the
gas contained therein and/or color-coded as appropriate.

Technical Rationale-This criteria is in accordance with 29 CFR 1910.

4.8.5.5.4

Criteria-Nitrogen shall be used for purging of casks and for drying of fuel assemblies contained
in the handling baskets after their removal from the fuel storage pool.

Technical Rationale-This criteria is required to ensure that the cladding on the enclosed fuel
assemblies is intact The first step in the processing of the waste casks will be to sample the gas
within the cask after purging with Nitrogen and have the purge gas sample fed through the
radiological monitoring equipment for composition and radionuclide contamination. The second
step will involve placing the basket containing fuel assemblies inside a drying chamber after
being removed from the pool and washed down with de-ionized water. The chamber will be
closed, evacuated and pressurized with Nitrogen gas to atmospheric pressure.

4.8.5.5.5

Criteria-Service gases delivery systems shall be designed with proper ventilation in accordance
with the applicable provisions of 29 CFR 1910.

Technical Rationale-Argon or Argon/Hydrogen blend may be used as shielding gas during the
welding of the inner stainless shell lid of the waste package. Argon or Argon/Helium blend may
be used as shielding gas during the welding of the Alloy 22 middle lid and outer lid of the waste
package after the inner lid is welded. Helium gas will be used to provide an inert heat transfer
gas placed in the waste package after the inner lid is welded. Breathing Argon or Helium in an
oxygen poor atmosphere can cause sudden and acute asphyxia resulting in immediate
unconsciousness or possible death.
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4.8.5.6 Control and Monitoring System

4.8.5.6.1

Criteria-Instrumentation and control systems shall include provisions to monitor and control the
behavior of Mechanical Support Systems important to safety over anticipated ranges for normal
operation and off-normal conditions. The systems shall be either controlled or managed through
local computer control or through the use of a process controller located in the Utility Building.

Technical Rationale-This criteria is required to define the integral functional requirements that
ensure the system's proper operation and the alarming of unsafe conditions for the protection of
the health and safety of the occupational workers per 29 CFR 1926.

4.8.5.7 System Boundaries Requirements

4.8.5.7.1

Criteria-The boundaries of Mechanical Support System shall include:

* Identification of various utility services to be provided throughout the surfice and
subsurface facilities

* Expected utility consumption through review of current project documentation

* Developed design flow rates for the utility services identified

* Sing of components, subsystems, and distribution mains using standard engineering
calculation techniques.

Technical Rationae-This criteria is required to define the design parameters for each
subsystems that need to be in compliance with the requirements of the applicable codes and
standards.

4.8.5.8 System Interfaces Requirements

4.8.5.8.1

Criteria-The Mechanical Support System shall interface with the Heating, Ventilation, and Air
Chilled (HVAC) Water, and Heating Water Systems, Fire Protection System, Site
Communication System, Site Electrical Power System, Non-Radiological Waste Management
System, Subsurface Facilities System, and Balance of the Plant (BOP) Facilities. The following
is a list of interfaces with their associated fimctions:

* Interface with HVAC Water and Heating Water Systems to ensure availability of
sufficient softened and de-ionized water for the cooling tower and closed loop water
system.
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* Interface with Fire Protection System to ensure availability of raw water for adequate
firewater supply.

* Interface with Site Communication System to provide secured communications
capability to monitor the site alarm system and controls to the operating personnel at
other Utility Systems Monitoring Stations.

* Interface with Site Electrical Power System through emergency power provided by a
backup diesel generator to ensure continuous operation by the critical devices whose
failure to operate satisfactorily would jeopardize the health and safety of personnel.

* Interface with Non-Radiological Waste Management System to provide an
environmentally acceptable method for disposal of cooling tower blow down water, ion
exchange bed regeneration neutralized effluent, and storm water to support operations of
the surface and subsurface facilities.

* Interface with Subsurface Facilities System for space and access to all underground
service lines and installations.

* Interface'with BOP Facilities located in the BOP area adjacent to the Radiological
Control Area (RCA) to provide non-radiological support to surface and subsurface
operations, including management and administration, warehousing, maintenance,
medical, utility (water treatment and compressed air generation), and security.

Technical Rationale-This criteria is required to identify the different interfaces associated with
Mechanical Support System. These interfaces are all subjected to the requirements and provision
of 29 CFR 1910 for the protection of the health and safety of the occupational workers.

4.8.5.9 Piping Requfrement

4.8.5.9.1

Criteria-The North Portal repository site plan and the utility building location shall be used to
establish the utility piping distribution layout. Water flow (well water, potable water, softened
and de-ionized water) through pipes shall be designed near or below the maximum velocity of 4
feet per second (fps). Piping shall be designed for economical pipe sizes and for future system
expansion based on allowable pressure drop, flow rate, and pump selection criteria as prescribed
by the applicable codes.

Technical Raionale-This criteria is in accordance with ICC 2000 (IPC), to lessen the erosion
and corrosion of piping and to minimize water hammer.

4.85.10 Personal Protection Requirement

4.8.5.10.1

Criteria-The system design shall include provisions for the protection of the occupational
workers during the installation, maintenance and/or replacement of structures, systems or
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components (SSCs) with consideration to rotating equipment, confined spaces, noise barriers,
chemical leaks, and respiratory hazards.

Technical Rationale-This criteria is required to ensure that personnel are protected from all
rotating equipment by the use of safety guards or safety screens and equipment rooms that
provide sensors, alarms, escape provisions, and respiratory protection equipment.

4.8.5.11 Equipment Protection Requirement

4.8...1

Crieria-The system components located underground and outdoors shall be designed to
withstand and operate in the extreme underground and outside temperature environment.
Interlocks, alarms, access, hazard access, and edge rounding shall be provided and designed in
accordance with the applicable requirements of 29 CFR 1910 for surface equipment and
30 CFR 57 for underground equipment.

Technical Rationale-This criteria is required for the operational integrity of the system
components. Underground and outdoor temperature can affect component performance,
equipment degradation (coatings, seals, fluids), and system's operation and capability.

4.8.5.12 Testing and Maintenance Requirements

4.8.5.12.1

Criteria-The system shall include provisions and features to perform testing and maintenance of
the system and its components essential to safety. The system shall be designed based on
planned maintenance program and the appropriate quantity and type of maintenance spares and
supplies required for planned and unplanned maintenance operations.

Technical Rationale-This criteria is required to ensure that the system includes facilities to test
intrusion and emergency alarms, physical barriers, and other security-related devices.

4.8.5.13 Workmanship Requirements

4.8.5.13.1

Cteria-Special processes applicable to SSCs important to safety, including welding, heat
treating and non-destructive testing, shall be controlled and accomplished by qualified personnel
using qualified procedures in accordance with applicable codes, standards, specifications, criteria
and other special requirements, which will be identified later.

Technical Rationale-This criteria is required to identify the currently applicable codes,
standards, regulations, engineering principles and practices specified in DOE directives.
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4.9 NUCLEAR DESIGN CRITERLA

4.9.1 Nuclear Engineering Design Criteria

4.9.1.1 Nuclear Engineering Codes and Standards

Applicable Applicable CodeslStandards', Regulatory Guides (RGs)f, Code
Discipline Project SSCs of Federal Regulations (CFRs), NUREGs4, DOE Directives.

ANSI N13.8-1973, ANSI N305-1975, ANSIIANS-59.3-1992, ANSI/ANS-
57.1-1992, ANSUANS-57.2-1983, ANSIIANS-57.9-1992, ANSUANS-6.1.1-
1977, ANSttANS-6.1.2-1999, ANSI/ANS-6A-1997, ANSiANS-6A.2-1985,
ASTM C 1217.00, ASTM C992.89, ERDA 76-21 (Burchsted et al. 1979)
RG 1.13 Rev 1. RG 1.143 Rev 2, RG 128 Rev 3, RG 1.69 Rev 0, RG
1.109. Rev 1, RG 1.145. Rev 1, RG 3.60 Rev 0, RG 3.71 Rev 0. RG 4.1

Nuclear Nuclear Rev 1, RG 8.10 Rev 1R. RG 8.25 Rev 1, RG 8.34 Rev 0, RG 8.38 Rev 0,
Engineering Engineeng' RG 8.5 Rev 01. RG 8.8 Rev 3

10 CFR 20, 10 CFR 63.111(a), 10 CFR 63.111(b). 10 CFR 63.204. 10
CFR 71
NUREG-0800 1987 (NRC 1987), NUREG-1567 2000 (NRC 2000a),
NUREG-1520 2002 (NRC 2002c), NUREG-1617 2000 (NRC 2000b), NRC
2001
None

Technical Rationale:
I These codes and standards support compliance with requirements of Pheect Requiements Document (Cuny

and Loros 2002) such as PRDX-0T004 (information relative to codes and standards tat DOE proposes to
apply to the design and constiction of GROA as required by 10 CFR 63.21 cX2)), and PRD.2
Determination of applicabie sections of these codes and standards will be detefmined during the design
process and In development of design products.

2 These Reguiatory Guides have been determined to be .citical to the development of design products for
preliminary design. The level of conformance with regulatory posltions In the Regulatory Guides will be
determined during the design process and hI development of design products that are Impacted by these
Regulatory Guides:

3 Addressing Code of Federal Regulations supports compliance with requirements In PRD-0151P-015, PRD-
0021T.012, and PRD-002IT-022. Determination of applicable sections of these documents witi be determined
during the design process and In development of design products.

4 These NUREGs provide guidance on acceptable methods and approaches tat could be utilized hi MGR
design.

5 None
Revised QA dassification presently not available. The applicable QA classification will be provided when the
revised Q-Ust is available.

4.9.1.2 General Radiation Dose Criteria for Occupational Personnel

Crteri-The repository surface and subsurfice facility design shall meet the general dose
criteria provided in Table 4.9.1-1 for occupational personne. The dose criteria for the general
public are addressed separately as part of the preclosure safety analysis.

Technical Rationale-The general radiation dose criteria are required to meet the occupational
dose requirements in 10 CFR 20.1201, and the Yucca Mountain Project ALARA design goal
specified in Section 4.9.3.
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Table 4.9.1-1. General Occupational Dose Criteria

Descriptlon Criterion Basis
Maximum ndivdual annual total
effective dose equivalent (TE 5000 mren Conpliance with 10 CFR 20.1201 (aX1 i)

Annual individual ALARA dose 500 This goal Is consistent with the ALARA design criteria
Goal __ specified in Section 4.9.3.
Design dose rate for normal 025 Bmh Based on 2000 work hours per year and the ALARA goal
continuous access mre of 500 remyr.

100 mrnmh represents the upper nit of a radiation area
Maximum steady-state or transient as defined In 10 CFR 20.1003. For normal operations,
dose rate In accessible areas for 100 mraneh only radiation areas are accessible by workers. Special
nose rate h access~e areas formal 100 mrem controls as specified In 10 CFR 20.1601and 20.1602 are
normal operations required for access to high radiation areas (>100 mremmh)

and very high radiation areas 500 radth), respecively.

4.9.1.3 Specific Dose Rate Criteria for Shielding Design

Criteria-Table 4.9.1-2 provides the specific dose rate criteria for use in shielding design for the
surface and subsurface facilities, consistent with the general dose criteria established in
Table 4.9.1-1.

Table 4.9.1-2. Specific Dose Rate Criteria for Shielding Design

Description
Surface Facilities Criterion 8asis

Restricted areas outside To alow continuous occupational access and meet the
buildings on personnel level (8 ft 0.25 mremlh ARA goal of 500 mren~r.
heliht minimum)

Restricte areas outside Higher dose ate s alowed above pewsnnel level.Restuicted areas outside 2.5 mreml provided that the contribution from the high level will rot
buildings above personnel level cause the dose rate on personnel level to exceed the imit

Operating galleries, support 0T25 To allow continuous occupational access and meet the
rooms, offices on personnel level mmh ALARA coal of 500 mrenVyr.
Operating galleries, support Higher dose rate Is allowed above personnel level.
rooms. offices above personnel 2.5 mrem/h provided that the contribution from the high level will not
level cause the dose rate on personnel level to exceed the imiL

Dose rate limit will vaxy with the access requirement for
Intermittent access areas 2.5 to 100 mremnh each area, provided that the general dose crtera are metand are consistent with the Area Dose rate Classification

__able 4.91).
-Supplemental shielding on Transporter to reduce the dose

Transportaton cask Transporter 10 mremmh rate for ALARA purposes, and for transport between TRB
ce________________ e_________ and DF-1, DF-2 or Remediation Building.

Waste Package Transporter No access is required around the WP Transporter during
surface 100 mrern/h normal operations. Shielding is provided only for
su________________________ ace____________ Cstegory I event sequences and recovery operations.
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Table 4.9.1-2. Specific Dose Rate Criteria for Shielding Design (Continued)

Description
Subsurface Facilities Criterion Basis

Same limit as for the WP Transporter. No access is
Waste Package Transporter i r required around the WP Transporter during fiormat
surface operations. Shielding is provided onlyfor Category I

event sequences and recovery operations.
For the area facing each emplacqrnent drit The dose
rate br the area between the two adjacent drifts is

Access main I mrem/h considerably lower, because of substantial shielding by
the host rock for conditions without the WP transporter
present or the access main.
For the door near the access main. Access is required

Turnout ventilation door location 10 mren~h only for door maintenance.

Exhaust main 0 mnremi Access Is required only for inspection and maintenanceactivities.

Technical Rationale-The specific dose rate criteria are required for surface and subsurface
facility shielding design to determine shielding thickness. These criteria are consistent with the
general dose criteria provided in Section 4.9.1.2, and based on the personnel access requirements
and radiological classifications for the various facility areas.

4.9.1.4 Shielding Source Term Criteria

Criteria-Shielding source terms for the surface and subsurface facility design shall be based on
the limiting waste form as well as the limiting waste package type.

Design basis and maximum source terzs shall be established to provide sufficient and bounding
coverage, respectively, of the historical and projected fuel inventory for normal operations and
Category 1 event sequences. The design basis source term shall cover a minimum of 95 percent
of the total inventory, with provisions made available to accommodate the remaining 5 percent.
The maximum source term shall represent the bounding fuel assembly in the entire inventory to
be received at the repository. Use of the design basis or maximum source term shall be justified
on a case-by-case basis.

Minimum initial enrichment shall be established in accordance with NRC Interim Storage
Guidance -6, NRC 2001, for the selected fuel assembly used in determining the source term,
since lower enriched fuel irradiated to the same burnup as higher enriched fuel produces a higher
source term.

Technical Rationale-The source term criteria are required to provide the radiation source terms
as a basis for surface and subsurface facility shielding design. These criteria are consistent with
those used in the previous YMP shielding calculations and NRC regulatory guidance.

4.9.1.5 Flux-to-Dose Conversion Factors

Criteria-Shielding calculations shall use the flux-to-dose conversion factors as provided in
ANSI/ANS-6.1.1-1977 for converting the calculated neutron and gamma fluxes to the respective
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dose rates. The selection of this standard complies with Table 1004 (b).2 of 10 CFR 20.1004,
and is consistent with the specification in NUREG-1567 (NRC 2000a) (p. 7-12) and
NUREG-1617 (NRC 2000b) (p. 5-5).

Technical Rationale-The flux-to-dose conversion factors are required to convert the calculated
neutron and gamma fluxes to dose rates for demonstration of regulatory compliance. NRC has
accepted the use of the ANSJ/ANS-6.1.1-1977 standard for this conversion.

4.9.1.6 Shielding Computational Methods

Criteria-Shielding calculations shall be performed using the NRC-accepted computer codes that
have been benchmarked, validated, qualified and baselined in accordance with the project
software management procedure. The analytical tools may include codes that use Monte Carlo,
deterministic transport, and point-kernel integration techniques for the various shielding
problems encountered in the repository design.

Currently, these codes include MCNP, SCALE, QAD-CGGP, PATI, and MiroSkysbine.
Except for PATH, NRC recognizes the acceptance of these codes for analysis for spent fuel
storage facilities in NUREG-1567 (pp. 7-12 and 7-13). PATH is similar to the QAD-CGGP
code, and accepted by the NRC in the GA-4 transportation cask certification.

Technical Rationale-The qualified shielding codes are required to perform shielding
calculations. NRC has accepted these computer codes for shielding analyses for spent fuel
storage facilities and transportation packaging.

4.9.1.7 Worker Dose Assessment

Criteria-Worker dose assessment shall include individual and collective doses for both normal
operations and Category I event sequences in compliance with 10 CFR 63.11 l(b)(l). Total dose
including internal and external exposures shall be calculated on an annual basis by summing the
contributions from normal operations and fequency-weighted doses from Category 1 event
sequences for demonstration of regulatory compliance.

Technical Rationale-The worker dose assessment criterion is required to calculate annual
individual and collective doses to workers, including normal operations and Category 1 event
sequences. The summation approach is consistent with that used for off-site dose consequence
calculations as part of the preclosure safety analysis, and has been accepted by NRC for
demonstration of compliance with 10 CFR 63.111(b)(1).
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4.9.2 Criticality Design Criteria

4.9.2.1 Criticality Codes and Standards

Applicable Applicable CodeslStandards1 , Regulatory Guides (RGs)2, Code
DisciplIne Project SSCs of Federal Regulations (CFRs)r, NUREGs4, DOE DirectivesO

ANSIUANS-8.1-1998. ANSI/ANS-83-1997, ANSUANS-8.5-1996.
ANSUANS-8.6-1983, ANSUANS-8.7-1098, ANSVANS-8.9.1987.
ANSVANS-8.10-1983. ANSUANS-.12-1987, ANSUANS-8.15-1981,
ANSVANS-8.17-1984, ANSIZANS-8.19-1996. ANSUANS-820-1991.
ANSUANS-8.21-1995, ANSUANS-8.22-1997. ANSUANS-823-1997, ASTM
C992-89 (Re-approved 1997)
RG 1.13. Rev 1. RG 3.71 Rev 0

Nuclear Criticalitf 10 CFR 20. 10 CFR 63.111(a). 10 CFR 63.111(b), 10 CFR 63.112 (e)(6),
Engineering 10 CFR 63204,10 CFR 70,10 CFR 72

NUREG.O800 1987 (NRC 1987), NUREG-1520 2002 (NRC 2002c).
NUREG-1 536 1997 (NRC 1997), NUREG-1 567 2000 (NRC 2000a),
NUREGtCR-2300 1983 (NRC 1983), NUREGICR6483 (Emmett and
Jordan 1996), NUREGICR-6361 (Uchtenwalter et al.1997), NRC 20028
NUREGICR-6328 (Parks et al. 1995)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ N one

Technical Rationale:
These codes and standards support compliance with requirements of P'f'ect Requirements Document (Curry
and Loros 2002) such as PRD-002rr-004 information relative to codes and standards that DOE proposes to
apply to the design and construction of GROA as required by 10 CFR 63.21 (c)(2)), and PRD-022.
Determination of applicable sections of these codes and standards wUil be determined during the design
process and In development of design products.

2 These Regulatory Guides have been determined to be citical to the development of design products for
preliminary design. The level of conformance with regulatory positions In the Regulatory Guides will be
determined during the design process and hI development of design products that are Impacted by these
Regulatory Guides.

3 Addressing Code of Federal Regulations supports compliance with requirements In PRD015P-01S.
PRD-002/T-012, and PRD-0021T-022. Determination of applicable sections of these documents will be
determined during the design process and hi development of design products.

4 NUREGs provide guidance on acceptable methods and approaches that could be utilized in MGR design
a None
*Revised OA classification presently not available. The applicable QA dassificatlon will be provided when the
revised 0-Ust Is available.

4.9.2.2 Criticality Safety Design Criteria

4.9.2.2.1

COiteria-SNF processing and handling facilities shall be designed for criticality safety,
incorporate means to prevent and control criticality 10 CFR 63.112(eX6)], and include
criticality monitoring systems where SNF is handled and stored. The criteria for criticality safety
for all SNF (except for naval SNF for which a preclosure methodology is being developed) prior
to being loaded into waste packages shall be met by the following:

1. Ensuring that at least two unlikely, independent and concurrent or sequential changes
must occur under normal condition, and Category 1 and 2 event sequence, before a
nuclear criticality accident is possible.
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Technical Rationale-This criteria is a consequence of 1OCFR 63.112(c)(6) which requires that
the geologic repository provide the means to prevent and control criticality. It also reflects the
criteria for the storage of SNF and high-level radioactive waste in 10 CFR 72.124 (a), which
includes very nearly identical wording. It meets the requirement for double-contingency
protection as stated in 10 CFR 70.64 (a)(9). Note that in NRC letter, L. Kopp to Timothy
Collins, "Guidance on the Regulatory Requirements for Criticality Analysis of Fuel Storage at
Light Water Reactor Power Plants", Kopp, L. 1998, it states in item 3 that, "The criticality
analysis should consider all credible incidents and postulated accidents. However, by virtue of
the double-contingency principle, two unlikely independent and concurrent incidents or
postulated accidents are beyond the scope of the required analysis." Consequently,
double-contingency need only be demonstrated without the extra accidents assumed.

2. Including margins of safety for nuclear criticality parameters that are commensurate
with the uncertainties in the data and methods of analysis. Specifically, the
multiplication factor, keff, including all biases and two-sigma uncertainty will not
exceed 0.95 under all normal, conditions and Category 1 and 2 event sequences.;

Technical Ratonale-The specification revised] for bias and uncertainty for the multiplication
factor is stated in NUREG-1536 (NRC 1997), Standard Review Plan for Dry Casks Storage
Systems.

3. Basing facility designs on the use of favorable geometry, permanently fixed neutron
absorbing materials, or both, and without the use of burnup credit;

Technical Rationale-This comes from the criteria for the storage of SNF and High-Level
radioactive waste in 10 CFR 72. Specifically, 10 CFR 72.124 (b) requires the use of favorable
geometry and/or fixed neutron absorbing materials (poisons) or both. Excluding the use of
burnup credit is a reflection of NRC Interim Staff Guidance-8, Revision 2, NRC 2002a, which
requires measurement of bunup credit for use and is limited to PWR application only. This is
also stated in RG 3.71, Section C which endorses standard, ANSIIANS-8.17-1984 with the
exception that, "-credit for fuel bumup may be taken only when the amount of burnup is
confirmed by physical measurements that are appropriate for each type of fuel assembly in the
environment in which it is to be stored." Since the facility will be handling and storing a variety
of SNF besides PWR and since a decision has not been made to measure burnup at this time, the
prudent measure is to not use bumup credit in non-waste package nuclear criticality safety.

4. Include criticality monitoring and alarm systems in areas where spent nuclear fuel is
handled or stored, unless it can be demonstrated that a criticality event is not credible
(that is, beyond category 2 event sequence).

Technical Rationale-This reflects the criteria for the handling and storage of SNF and
High-Level radioactive waste in 10 CFR 72. Specifically, 10 CFR 72.124 (c) defines the
requirements for criticality monitoring and alarms and excludes the need for such monitoring for
SNF handling or storage beneath sufficient water shielding. These are also consistent with the
criticality monitoring and alarm requirements for the possession of SNF as noted in 10 CFR
70.24.
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4.9.2.2.2

Criteria-The waste package shall be redesigned if the total probability of criticality has a chance
of 1 over the 10,000 year regulatory period.

Technical Rationale-This is required by the Disposal Citicality Analysis Methodology Topical
Report, Rev 01, YMP/IR-004Q, Section 3.2.2, p. 3-5 (YMP 2000).

4.9.2.2.3

Criteria-To minimize the potential for a criticality in the surface facility, no moderator (water or
other hydrogenous materials) shall be present in any area where radioactive waste is being
handled (cask unloading, storage areas, disposal container loading area, waste package closure
area, etc.) unless the facility design (such as a SNF storage pool) or proposed quantity of
moderator material can be shown to impose no criticality concerns. Moderator sources include

.the potential for flooding from areas in which waste forms is not directly present

Technical Rationale-This criteria is based on NUREG-1520, Standard Review Plan for the
Review of a License Applicationfor a Fuel Cycle Facility, Section 5.4.3A.2 (NRC 2002c).

4.9.2.2A

Cr*eria-Systems, structures and components shall be designed such that adequate controls and
procedures are put in place to ensure that neutron moderator basket materials and neutron
absorber rod; are inserted into the CSNF waste package as required.

Technical Rationale-This criteria is based on NUREG-1520, Standard Review Plan for the
Review of a License Application for a Fuel Cycle Facility, Section 5.4.3.4.2. (NRC 2002c)

4.9.2.2.5

Criteria-Systems, structures and components shall be designed such that adequate controls and
procedures are put in place to ensure correct loading of the CSNF assemblies into a waste
package as prescribed by the derived waste package loading curves.

Technical Rationale-This criteria is based on NUREG-1520, Standard Review Plan for the
Review of a License Application for a Fuel Cycle Facility, Section 5A.3.4.2. (NRC 2002c)

4.9.2.2.6

Criteria-Systems, structures and components shall be designed such that adequate controls and
procedures are put in place to ensure closure of the waste package is performed in a manner to
preclude moderator introduction during the preclosure period and to ensure waste package
performance objectives are met during the postclosure period.

Technical Rationale-This criteria is based on NUREG-1520, Standard Review Plan for the
Review of a License Applicationfor a Fuel Cycle Facility, Section 5.4.3.4.2. (NRC 2002c)
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4.9.2.2.7

Criteria-Systems, structures and components shall be designed such that adequate controls and
procedures are put in place to ensure that the handling of the disposal container and waste
package does not result in waste package damage or reconfiguration of the waste package
internals that may pose criticality concerns during the preclosure period or that may impact waste
package performance objectives during the postclosure period.

Technical Rationale-This criteria is supported by the requirements in 10 CFR 63.112 (e) (6).

4.9.2.2.8

Criteria-Systems, structures and components shall be designed such that adequate controls and
procedures can be effectively implemented to ensure that acceptable verification of the bumup
assignment of received commercial spent nuclear fuel has been made. If burnup assignment
cannot be acceptably verified, a measurement of the commercial spent nuclear fuel assembly's
burnup shall be made prior to insertion into a disposal container.

Technical Rationale-This criteria meets the requirements of Regulatory Guide 3.71, Rev 0, and
the NRC Interim Staff Guidance - 8, Burnup Credit in the Criticaliy Safety Anases of PWR
Spent Fuel in Transport and Storage Casks, Rev 2, Recommendation 5 (NRC 2002a).

4.9.3 ALARA Design Criteria

4.93.1 ALARA Codes and Standards

Applicable Applicable CodeslStandards', Regulatory Guides RGs)f, Code of
Discipline Projec SSCs Federal Regulations (CFRs)3, NUREGsO, DOE Directives'

ERDA 76-21 (Burchsted et al. 1979)

RG 8.8 Rev 3, RG 8.10 Rev I-R. RG 8.34 Rev 0

Engineering ALARA 10 CFR 20.1 101(b),(d), 10 CFR 20.1003, 10CFR 63.11 1(a). 10 CFR 63.204
Engineering NUREG-OBDO 1987 (NRC 1987), NUREG-1567 2000 (NRC 2000a)

None

Technical Rationale:
This code and standard support compliance with requirements of Project Requirements Document (Cuny and
Loros 2002) such as PRD0021T-004 (Information relative to codes and standards that DOE proposes to apply to
the design and construction of GROA as required by 10 CFR 63.21 (cX2)), and PRD-022. Deternination of
applicable sections of hias code and standard will be determined during the design process and in development of
design products.

2 These Regulatory Guides have been determined to be critical to the development of design products for
preliminary design. The level of conformance with regulatory positions n the Regulatory Guides will be
determined during the design process and in development of design products that are impacted by these
Regulatory Guides.

3 Addressing Code of Federal Regulations supports compliance with requirements In PRD-OIJP-015,
PRD-002iT-012, and PRDWO2T-02. Determination of applicable sections of these documents will be
determined during the design process and in development of design products.

4 These NUREGs provide guidance on acceptable methods and approaches that could be utilized n MGR design.
£ None
*Revised QA classification presently not available. The applicable QA classiication will be provided when Me revised
0-1st is available.
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4.9.3.2 ALARA Design Criteria

Criteria-ALARA is a regulatory requirement for the Yucca Mountain Repository that must be
addressed.

Technical Rationale-10 CFR 63.11 l(a) states that 'the geologic repository operations area must
meet the requirements of part 20 of this Chapter [lOCFR20]." A portion of part 20,
10CFR20.1101(b), states The licensee shall use, to the extent practical, 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 is reasonably achievable (ALARA)."
in addition, lOCFR63 and 10 CFR 20 provide limits and constraints on radiation doses to the
public.

4.9.3.3 . ALARA Design Goals

The repository will receive, prepare, and package spent nuclear fuel and high-level radioactive
waste for emplacement underground. This SNF and HLW contains large amounts of radioactive
material, and this potential hazard must be handled in a manner that achieves radiation safety for
the general public and repository workers. A combination of management commitments,
radiation safety considerations for design development, and regulatory requirements and
guidance are employed to achieve designs that support radiatioin safety at the Yucca Mountain
Repository. This discussion addresses incorporating the radiation safety practice of "As Low As
Is Reasonably Achievable" (ALARA) in the design of repository facilities.

Criteria-The ALARA Design Goals for occupational workers are to ensure that both individual
and collective annual doses are maintained at ALARA levels during normal operations and as a
result of Category I event sequences. Category 1 event sequences will be included in ALARA
dose assessments. The following ALARA design goals are established for the design process:

* Individual Dose:

The ALARA design goal for individual radiation worker doses is to minimize the
number of individuals that have the potential of receiving more than 500 mrem/yr total
effective dose equivalent (TEDE). That goal is 10% of the annual TEDE limit in 10
CFR 20.1201, and includes both internal and external exposures.

The ALARA goal for on-site members of the general public is to maintain individual
doses less than 10-20percent of the annual TEDE limit of 100 rorem in 10 CFR
20.1301.

The general public dose shall comply with the pre-closure performance objectives as
specified in 10 CFR 63.1 11, as well as the annual effluent dose limit of 10 mrcn in 10
CFR 20.1101(d).

* Collective Dose:

The ALARA design goal for collective doses is to maintain the average annual
individual dose for each worker group at less than 500 mrem/yr total effective dose
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equivalent (TEDE). That goal is 10% of the annual TEDE limit for individuals in 10
CFR 20.1201, and includes internal and external exposures. Worker groups are defined
as groups of individuals with the same or similar work duties, such as operators,
maintenance, and radiation safety personnel. Minimize the number of personnel in each
worker group in testing conformance with the collective dose ALARA goal. (In
combination with the Individual Dose Goal, it is expected that no individual worker in a
work group could have a dose substantially above 500 mrem/yr and the group will still
satisfy the Collective Dose Goal.)

Technical Rationale-The individual and collective dose goals criterion is required to meet the
regulatory guidance contained Regulatory Guide 8.8, Rev 3, which is a method acceptable to the
NRC staff for implementing the regulatory requirements in 10 CFR 20.1101(b). This criterion
supports compliance with 10 CFR 63.111 (b)(1), which requires, in part, meeting the 10 CFR
Part 20 requirement to achieve occupational doses and doses to members of the public that are as
low as is reasonably achievable.

4.9.3A Cost Benefit Analysis-Value of Person-Rem Averted

Criteria-In developing the design, qualitative cost benefit considerations will be used for
comparing design alternatives and justifying design decisions, where appropriate. In
determining whether a dose-reducing design alternative is reasonable, $10,000 per person-rem
averted will guide decisions based on current industry practices. Other values may be used as
appropriate, with adequate justification, and documentation.

Technical Rationale-This criteria is in accordance with the guidance provided in Regulatory
Guide 8.8, Rev 3, approaches and related NUREGs. This guidance is a method acceptable to the
NRC staff for implementing the regulatory requirements in 10 CFR 20.1101(b). 10 CFR 20 is
applicable as required by 10 CFR 63.11 (b)(1). The dollar person-rem value is required in order
to perform cost benefit considerations.

4.9.3.5 Radiological Condition Area Classifications

Criteria-Radiological conditions in facility areas during normal operations and as a result of
Category 1 event sequences are fundamental inputs for the ALARA design process. The
classification of facility areas provides Designers/Engineers useful information for m ig
occupational radiation doses by incorporating in design appropriate features, such as access
control, equipment layout and shielding design. Each area of the facility will be classified by
radiological conditions, both dose rate range and contamination information as described in the
following Tables 4.9.3-1 and 4.9.3-2. This classification information is available to
Designers/Engineers in developing and evaluating Designs and alternatives. Areas should be
re-classified as the radiological conditions change during the design evolution.

On-site facility areas are classified by radiation level to support the ALARA Design process.
Dose rates are for exposure due to licensed material, and do not include exposure due to
background radiation. The following classification system is used.
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Table 4.9.3-1. Area Dose Rate Classification

Dose Rate Range For
Radiation Dose Rate Preliminary Design

Classification (MREM/HR) Basis
inside Controlled Area and outside Restricted
Areas; continuous occupancy possible. Upper

Ri Controlled Area O to06 5 end of range et atI O% of public imit -R CotoedAe. 10CFR20.1301(aXl). assuming occupancy for
full work year.
11_00mre~r rl2000hrtyrx 1.01
Continuous occupancy possible. (up to 2.5
mrernlhr for 2,000 hryr). Upper end of range

R2 Restricted Area 310.05 to 5.0 Is lower linit for Radiation Area -
IOCFR20.1003
-15 mnhrl
Occasional occupancy possible. Upper end of

R3 Radiation Area >5.0 1 00 range is the lower nt for High Radation Ara-P IOCCFR20.1003
1100 mrem/hrl
Infrequent and limited occupancy possible.

R4 High Radiation Area >1O to I,000 Upper end of range set at 10 times the lower
(design lower range) Emit for H1gh Radiation Area - I0CFR20.1003

1100 mrem/hr x 101
R5 High/Very High No occupancy at these dose rates. High

Radiation Area (design Radiation Area effective upper Emit is S00
upper range of High >1,000 radthr- IOCFR20.1003. No upperurmitfor
Radiation Area and Very Very High Radiation Area -
Hiah Radiation Area) IOCFR20.1003

NOTES:
1 Occupancy Is not allowed In areas elassified as R5. The design intent Is that In order to permit

occupancy In these areas, the source of radiation must be removed or shielded and dose rates
reduced ID allow temporary reclasslfication ID R2. R3 or R4.

2 Areas R2 through R5 are Restricted Areas, per 10 CFR 20.1003.

On-site -ficility areas are classified by radioactive material contamination levels
(surface/airborne) to support the ALARA design process. The classification of an area in terms
of contamination will be more dependent on the type of control regime necessary than the mean
or maximum contamination level present. This reflects the fact tat the potential contamination
is as important as the actual contamination. The contamination considered is due to licensed
material, and does not include exposure due to naturally occurring radioactive material. The
following classification system is used.
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Table 4.9.3-2. Area Contamination Classification

Radioactive Material Preliminary Design
Contamination Contamination
Classification Characteristics Typical Controls

C1 No potential for contamination; None required.
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ d ean

Low potential for contamination. No specific protective clothing
nomallyclean requirements. Contamination monitoring

______________nor___ydeanat exLt

C3 High potential for Pontamination ectve clothing end monitoring withC3 High potential for contamination ment available.
C4 Normally coan~~~~wtei Full protective clothing end monitoring

C4 Nonnally contaminated with res Iratora or full-face masks.

Full body protective clothing and
monitoring with respirators or full-face
masks. Entry typically forbidden until

C5 High levels of contamination cleaned to C4 or lower level.
Additional confinement design features
may be warranted.

NOTE: Classifications C1 to C4 reflect Zones IV to I of ERDA 76-21.

Technical Rationae-This criteria is required to mitigate potential risk associated with radiation
dose to occupational workers and the public, and as an element of engineering controls applied to
the geological repository operations areas to support the as low as is reasonably achievable
philosophy. This criterion is based on the requirements of 10 CFR Part 20, and the guidance of
Regulatory Guide 8.8, rev 3, NUREG-0800 (12.3) (NRC 1987) and ERDA 76-21 (Burchsted et
al. 1979).

4.10 OFFSITE UTLITY INTERFACE DESIGN CRITERIA

Applicable
Discipline Protect SSCs Applicable Codes/Standards'. RGs', CFRs'. NUREGs, DOE Directives'

To be added later
To be added later

Electrical Offslte Utility To be added laterInterface
To be added later
To be added later

Technical Rationale:
1.

2.
3.
4.
6.

Revised CA classification presently not available. The applicable OA classification will be prvided when the
revised 0-List Is available.
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4.11 PLANT DESIGN CRITERIA

4.11.1 Surface Design Criteria

4.11.1.1 Surface Code and Standards

Applicable
Discipline Project SSC Appiscable CodeslStandards1,RGs,CFRs3, NUREGsO, DOE DirecUvesS

ICC-2000 IBC), NFPA 101-2000. NFPA 70-2002
None

Plant Design Surface 29 CFR 1926
None
None

Technical Rationale:
s These codes and standards support compilance with requirerments of Poect Requirements Docunent (Curry

and Loros 2002) such as PRD-002/T-0D4 (Information relative to codes and standards that DOE proposes to
apply to the design and construction of GROA as required by 10 CFR 63.21 (cX2)), and PRD022.
Determination of applicable sections of these codes and standards will be determined during the design process
and In development of design products.

2 None.

3 Addressing Code of Federal Regulations supports compllance vth requirements hI PRD-015/P-020 and
PRD-15/P-21. Determination of applicable sections of these docurnents will be determined during the design
process end In development of design products.

4 None.
6 None.

Revised QA classification presently not available. The applicable QA classificatlon will be provided when the
revised 0-List Is available.
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4.11.2 Subsurface Design Criteria

4.11.2.1 Subsurface Codes and Standards

Applicable Applicable CodestStandards, Regulatory Guides (RGs)2, Code
Discipline Prolect SSCs of Federal Regulations (CFRs), NUREGs4, DOE Directives.

None
None

Plant Design Subsurface' 10 CFR 63.111(b) and 112(e), 10 CFR 63.111(d) and 10 CFR 63.132(a)
None
None

Technical Rationale:
None

2 None
Addressing Code of Federal Regulations supports compliance with requirements hI PRD-05P420 and
PRD-0151P-021. Determination of applicable sections of these documents will be determined during the design
process and In development of design products. Addressing these regulations wiN demonstrate compliance
with requirements In the Subsurface Tunnefing System Desiption Document (BSC 2002r) and Emplacement
Drl System Desciton Document (BSC 20021).
DOE Is not subject to the Federal Une Safety and Health Act MSHA) of 1977, as tohe onstruction and
operaton of any -facilities In the Geologic Repository Operations Area (GROA). However, some worker
protection provisions of MSHA (30 CFR 57) may be used as guidance i the subsurface design of Structures.
Systems and Components hI the GROA.
By using such guidance, there Is no explicit or Implicit expectation other than Its use In the Project Design
Criteria document DOE Is not obligated to comply with any aspect of MSHA and that the W~ne Safety and
Health Administrabon has no ,urlsdlction or enforcement authority over construction or operation of any facility
of the Monitored Geologic Repository.

' None
5 None
*Revised QA classification presently not available. The applicable QA classification will be provided when the
revised G-Ust Is available.

4.11.2.2 Standoffs affecting the location of the repository within the Repository Host
Horizon

C*eria-Maintain a minimum PTn thickness of 10 m (33 ft) with a minimum 100-m (328-ft)
standoff between the top of this 10 meter section of PTn and the invert of the enplacement drift.
UndergroundLayout Configuration (BSC 2003b) Section 7.1.4

Technical Rationale-This is to limit alteration of the permeability (due to heating) of the
Paintbrush nonwelded (PTn) hydrologic unit.

Criteda-Establish a minimun 60-m (200-ft) standoff between the CHn and the inverts of the
emplacement drifts. UndergroundLayout Configuration (BSC 2003b) Section 7.1.6.

Technical Rationale-This is to limit chemical alteration (due to heating) of the Calico Hills
nonwelded (CHn) hydrogeologic unit.

Critera-Establish a minimum 120-m (328-ft) standoff between the water table and the
repository. UndergroundLayout Configuration (BSC 2003b) Section 7.1.1.
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Technical Rationale-This is to maintain separation between the repository and the water table
under potential future (wetter) climates that could cause the water table to rise.

Crteria-Establish a minimum 30-rn (100-fl) standoff between the inverts of the emplacement
drifts and the perched water at the North end of the repository area. Underground Layout
Configuration (BSC 2003b) Section 7.1.2.

Technical Rationale-This is to avoid vaporization of the perched water.

Criteria-Emplacement drifts shall be located within the characterized area. Underground
Layout Configuration (BSC 2003b) Section 7.1.7.

Technical Rationale-Performance assessment models can only analyze area within the
characterized region at the present time.

Criteria-Establish a mininum 60- (200-fl) standoff between Type I faults and repository
emplacement openings. Underground Layout Configuration (BSC 2003b) Section 7.1.3.

TechnicalRationale-This is to reduce impact of potential fault movement.

4.11.2.3 Opening Stability

Criteria-The emplacement drifts shall be oriented 90 degrees to the prevailing joint direction.
Underground Layout Configuration (BSC 2003b) Section 5.1.4.

Technical Rationale-This is to provide for stable emplacement drift openings.

Criteria-The vertical separation between crossing drifts shall be a minimum of 10 meters (33 ft)
from the crown of the lower opening to the invert of the upper opening. Underground Layout
Configuration (BSC 2003b) Section 6.3.

Technical Rationale-This is to ensure stable openings when drifts cross at different elevations.

Criteria-The minimun spacing (centerline-to-centerline) for non-emplacement drifts, running
parallel, is three drift diameters, based upon the diameter of the largest drift. Underground
Layout Configuration (BSC 2003b) Section 6.3.

Technical Rationale-This is to provide for stable openings.

4.11.2A Emplacement Drift Configuration

Criteria-The portion of an emplacement drift loaded with waste packages shall be 600 m or less.
Underground Layout Configuration (BSC 2003b) Section 6.1.

Technical Rationale-This is so that the heated length within the emplacement drift is within the
range analyzed for cooling.

Crkeria-The excavated diameter of openings that are used to dispose of waste packages shall be
a minimum of 5.5-rn (18-fl). Underground Layout Configuration BSC 2003b) Table 3.
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Technical Rationale-This establishes a minimum opening for use in designing emplacement
drift fittings and the mobile equipment that is intended to use the emplacement drifts.

* Criteria-The emplacement drift spacing (center-to-center) shall be a minimum of 81-m (266-ft).
Underground Layout Configuration (BSC 2003b) Section 6.2.

Technical Rationale-This supports that the engineered barrier system be designed to work in
conjunction with the natural barriers to limit radioactive materials released from the geologic
repository. This assumed drift spacing promotes drainage of thermally mobilized water and the
increase the independence of individual drifts.

Criteria-The grade of the emplacement drifts shall be horizontal. Underground Layout
Configuration (BSC 2003b) Section 7.2.6.

Technical Rationale-This is to ensure that any water entering the emplacement drift will not
collect in pools. It is desired that water drain uniformly along the length of the drift.

4.11.2.5 Operations

Criteria-The excavated diameter of openings (excluding the emplacement drift) used to
transport waste packages shall be a minimum of 7.62-m (25-fl). Underground Layout
Configuration (BSC 2003b) Table 4.

Technical Rationale-This establishes a minimum opening size for use in designing drift fittings
and the mobile equipment that is intended to be used in these drifts.

Criteria-The portions of the underground layout (excluding the emplacement drifts) that are to
be used to transport waste packages shall have a maximum grade of 2.5 percent to preserve the
option of using a rail system for the Waste Package transporter. Underground Layout
Configuration (BSC 2003b) Section 6.6.

Technical Rationale-This is to provide a basis for mobile equipment design and safety analysis.

Criteria-A minimum 305-meter (1,001 ft) radius curve along the centerline of the drifts used in
the ramps and mains for conveyor muck handling. Underground Layout Configuration
(BSC 2003b) Section 6.6.

Technical Rationale-This is to preserve the option of using conveyor belts to remove muck
during construction without using conveyor transfer stations.

Criteria-A minimm 100-meter (328 fR) radius curve along the centerline of the drifts not used
for conveyor muck handling. Underground Layout Configuration (BSC 2003b) Section 6.6.

Technical Rationale-This is to provide a basis for selecting mobile equipment to be used in
these openings.

Criteria-The curved sections of the emplacement drift turnouts shall have a minimum radius of
20-meters (66-foot). Underground Layout Configuration (BSC 2003b> Section 6.6.
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Technical Rationale-This preserves the option to use a rail system during construction.

Criteria-The nominal mobile equipment (other than waste package transporters) operating speed
range is 0-8 mph. Underground Layout Configuration (BSC 2003b) Section 6.6.

Technical Rationale-There are not specific rules governing the underground operations
regarding speed, right-of-way direction for movement of the vehicles. 30 CFR 57 indicates that
the rules should be established and followed at each mine and the operating speed shall be
consistent with conditions of roadways, tracks, grades, clearance, visibility, and traffic, and the
type of equipment used. For the purpose of the repository design, an operating speed ranging
from 0 to 8 mph shall be assumed. This is based on operational experience firn activities under
similar conditions. (Cunins, AJB. et al 1973, SME Mining Engineering Handbook Section
14.9.3, pp 14 - 46,47).

4.11.2.6 Miscellaneous

Criteria-Locate portal and shaft collar openings outside of the maximum probable flood areas

Technical Rationale-This will prohibit surface waters from entering the emplacement drifis and
shaft openings during times of flooding.

Criteria-The surface gradient at the portal openings and shaft collars should be down gradient,
away from the openings.

Technical Rationale-This will prohibit surface runoff from rain or spills from entering the
openings.
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4.11.3 Piping Design Criteria

4.11.3.1 Piping Design Codes and Standards

Applicable Applicable CodeslStandards', Regulatory Guides (RGs), Code
Discipline Prolect SSCs of Federal Regulations (CFRs)3, NUREGs4, DOE Directives4.

ASME B31.1-2001, ASME 631.3-2002. ASME 631 Aa-2001, ASME
B31 -c2001, ASME 931.9-1996
None

Plant Design Plng None

None
None

Technical Rationale:
These codes and standards support compilance with requirements of Project Requkrments Document (Curry
and Loros 2002) such as PRD-0021T-004 (information relative to codes and standards that DOE proposes to
apply to the design and constucion of GROA as required by 10CR6321(c)(2)). and PRD.022.
Determination of applicable sectons of these codes and standards will be determined during the design
process and In development of design products.

2 None
3 None
4 None
6 None

Revised QA classification presently not available. The applicable QA classification vill be provided when the
revised Q-Ust Is available.

4.12 SOLAR POWER STATION DESIGN CRITERIA

4.12.1 Solar Power Station Design Codes and Standards

Applicable Applicable Codes/Standards', Regulatory Guides (RGs)2, Coda of
Discipline Project SSCs Federal Regulations CFRs3 , NUREGs, DOE Directives.

r To b dded later
To be added later 

Electrical Solar or To be added later
To be added later
To be added later

Technical Rationale:
1.
2.
3.
4.
5.

Revised QA classification presently not available. The applicable QA classiffcation will be provided when the
revised Q..Ust Is avallable.

4.12.2 Solar Power Station Design Criteria

Crieria-Solar power systen shall be provided in conjunction with normal utility power system.

K
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Technical Rationale-This criteria is required to facilitate renewable energy sources to
supplement commercial power. The solar electrical power panels will be built in a phased
fashion at the site with a capacity up to 3 MW (PRD014/T-025, Curry, P.M. and Loros, E.F.
2002. Project Requirements Document).

Criteria-Applicable industry solar power standards shall apply to the site solar power system.

Technical Rationale-This criteria is required because the solar power development is still in
infancy stage. The quality of system and equipment shall be as close to the state-of-art as
possible.
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5. WASTE PACKAGE DESIGN CRITERIA

5.1 MECHANICAL DESIGN CRITERIA

5.1.1 Structural Design Criteria

Applicable Applicable Codes/Standards', Regulatory Guides (RGs)2, Code
Discipline Project SSCs of Federal Regulatlons (CFRs)', NUREGs4, DOE Directives'

2001 ASME Boiler and Pressure Vessel Code-Section I11, Division 1.
ANSI N14.6-1993

Specialty None
Analyses and Structural*
Waste Package Nn
Design None

.___ ____ ___ ______N one
NOTES:
Technical Rationale:

This code supports complance with requirements of Project Requirements Document (Cuny. and Loros 2002)
such as PRD-002rT-004 (Infoation relative to codes and standards that DOE proposes to apply to the design
and construction of GROA as required by 10 CFR 6321 c)(2)), PRD-2, DOE & Commerial Disposal
ContalnerAWaste Package System Description Document (BSC 2002a) and the Naval Spent Nuclear Fuel
System Description Document (BSC 2002o). Section III, Division 1, of 2001 ASME Boler and Pressure Vessel
Code, provides rules for design and fabrication of nucdear components. Procurement of waste packages may
be done to the code hI effect at the time of procurement

2 None
3 None
' None
rf None

Revised QA dassificatton presently not available. The applicable QA classification will be provided when the
revised 0-Ust Is available.

5.1.1.1 Design Load Combinations

Criteria-The struchural evaluation of the waste package
identified in Tables 5.1.1-1 and 5.1.1-2.

shall include the load conditions
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Table 51.1-. Summary of Load Combinations for Normal and Hypothetical Accident Conditions for the
Waste Package at the MGR on the Surface and to the Emplaced Condition

Applicable Initial Conditions

i

Amblent Intemnai
Temperature' Decay Heat2 Pressure Dead

_____________________ _ i116'F 2'F Max Zero max. Mn. X

Vertical Lttm X X X X
_ _ _ _ _ _ _ _ _ _ _ _ ~~~~ ~~~~x x _ x x

x x __ x x
Horizontal Life X I X X X

Accident Conditions'
(Event Sequen ces)

Seismic - Frequency Category 2 X X X X
Event ' X X X X

Spherical object fall while vertical from X X X X
6.1 ft (2m)of 5,10 bs (23 MT) x x x x

Free drop Horizontal 7.3 ft (2.4 m X X x

Free drop Vertical 6.1 ft (2.Om) X X XX X X X
x _ _ _ x x

rp OverSlap Down X X X X

Free drop wlemplacement pallet 6 t X X X X
(2m) _ _ x x _ _ x x
Missile Impact from Internal source X X X _ X
11 b(0.5 Kg)at15.7ftfs(5.7ms) x x x x

Rock Fal while Horizontal 13,230 bs. X X X X
(6 MT) x X x x
Thermal fire accident X X X _ X
NOTES:

Values for Ambient Temperature ae provided In Section 61..5,
'MaxDecay Heat may take rdll fbr thetmprioava he site or befe closure br the waste form hivolved.

Madmurn ntemal pressure would be maximum pressure at package dosure plus any additional pressure from falure of fuel
and temperature increase.

4Dead Welgh7t will dude te maxlmurn weight for te specific ype of waste package and wi consider any significant
loading deviations of weight distribuon and center of gravity.

* The waste package Is ed trom one end In the vertical position and rom both ends In the horizontal position as it is
processed.

* Event sequences Include those events dentified below. These w be taken one event at a ime ince after an event
sequence occurs. work will be stopped until a recovery plan Is developed.
If the waste package swvves he Frequency Category II Event provided In Section 6.1.3, It can be assumed to survive the
Frequency Category I Event

* Drop accidents should evaluate the waste package for any drop from the indicated position or condition onto a fat
unyielding horizontal surface. The waste package should strIke the surface In a position that Is expected to nflict manximum
damage. Impacts with the naximm and minimum weight of contents should be considered.
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Table 6.1.1-2. Summary of Load Combinations for Normal and Hypothetical Accident Conditions for the
Waste Package at the Monitored Geologic Repository In the Emplaced Postciosure
Condition on Pallet

Applicable Initial Conditions

Ambient Internal Dead
Temp rature1 Decay Heat2 Pressure' Weit 4

205F 77F max. Zero Max. Min.

x _ x xStatic on pae X __ ____IX G 

Accident Conditions __

x Ixi xlix
Postclosure Seismic Event | | x | x | |x |

NOTES:
Values for Ambient Temperature are maximum In drift temperature from Section 4.2.4.6.8 and estimated
ground ambient temperature.

s Max Decay Heat may take credit or the lime prior arrival at the site or betir dosure for the waste form
Involved.

3 Maximum Internal pressure would be maximum pressure at package closure plus any addillonal pressure
from failure of fuel and temperature Increase.

4 Dead Weight will Include the maximum weight for the specfic type of waste package and will consider any
significant loading deviations of weight distribution and center of gravity.

Technical Rationale-The design load combinations are established to ensure that all appropriate
load combinations are considered in the structural evaluation. These combined with the ASME
Boiler and Pressure Vessel Code, Section I, Division I, 2001 ensure the structural integrity of
each waste package. The Frequency Category 2 Seismic event is described in Section 6.1.3.
Accident conditions were identified in Nuclear Safety Criteria for Disposal Container System
Description Documents (CRWMS M&O 2000c). Other parameters including fire are situation
or location specific. The Postclosure Seismic Event has not yet been defined.
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5.1.2 Metallurgical Design Criteria

Applicable Codes/Standards', Regulatory Guides (RGsQ, Code
Appilcable Discipline Project SSCs of Federal Regulations (CFRs)3, NUREGs4, DOE Directives'

2001 ASME Boiler and Pressure Vessel Code-Sectlon I11,
Divislon I. Subsection NC 2000 and Section I

Specialty Analyses and None
Waste Package Metallurgical' None
Design None

None
Technical Rationale:

This code supports compliance with requirements of Project Requirements Document (Cuny and Loros 2002)
such as PRD-0021T-004 (information relative to codes and standards that DOE proposes to apply to the design
and construction of GROA as required by 10 CFR6321(cX2)), PRD-022, DOE Commercial Disposal
ContalnerWaste Package System Descdptlon Document (BSC 2002a) and Naval Spent Nuclear Fuel System
Description Document (BSC 2002O). Section I of 2001 ASUE Baflerand PGrssure Vessel Code, provides rules
for design and fabrication of nuclear components. Procurement of waste packages may be done to the code n
effect at the time of procurement

2 None
3 None
4 None
s None
* Revised QA classification presently not available. The applicable OA classification will be provided when the

revised 0-List Is available.

5.13 Thermal Design Criteria

5.1.3.1 Thermal Codes and Standards

Applicable CodeslStandards1 , Regulatory Guldes (RGs)f, Code
Applicable Discipline Project SSCs of Federal Renulations (CFRs), NUREGs4, DOE Directives'

To be added later
To be added later

Specialty Analyses and Thermal* To be added later
Waste Package Design To be added later

To be added later
Technical Ratonale:

s None
2 None
3 None
4 Nn'None
6 None

Revised QA classification presently not available. The applicable QA classification will be provided when the
revised Q-List Is available.
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5.13.2 Temperature Limits

Crieria-The maximum cladding temperature limit is 350 degrees celsius (also provided in
Section 6.3).

Technical Rationale-The maximum cladding temperature limit has been specified by DOE.
Arthur, W.J., m. 2003. "Level 2 Directed Baseline Change." Letter from WJ. Arthur, III
(DOE/ORD) to J.T. Mitchell (BSC), March 6,2003.

Note: The temperature limits for storage and accident conditions due to fire obtained from
Interim Staff Guidance-Il, Rev 2, Appendix Page 3, NRC 2002b, are different than that
provided above. Interim Staff Guidance-I I, Rev 2, Appendix Page 3, NRC 2002b requires the
waste package to maintain SNF zircaloy peak cladding temperature below 400 degrees celsius
(688 degrees fahrenheit) for normal conditions during storage and short-term operations, and
below 570 degrees celsius (1,058 degrees fahrenheit) during an accident involving fire.

5.2 WELDING DESIGN CRITERIA

5.2.i Lid Welding Design Criteria

Applicable Applicable CodeslStandards', Regulatory Guides (RGs)f, Code
Discipline Project SSC of Federal Regulations (CFR4, NUREGs4, DOE Directives'

2001 ASME Boiler and Pressure Vessel Code-Section III, Division 1
Subsection NC and Section IX

Materials and None
Fabrication d Welding*
Technology None

None
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ N one

Technical Rationale:

This code supports complance with requirements of P,4ect Requirements Document (Curry and Loros 2002)
such as PRD-0021T-4 (Information relative to codes and standards that DOE proposes to apply to the design
and construction of GROA as required by 10 CFR 6321(cX2)), PRD-022 and Usposal Contaher Closure
System Descripton Document (BSC 2002k). Section liI, Division I. of 2001 ASME Bofter and Pressure Vessel
Code, provides rules for design and fabrication of nuclear components. Procurement of waste packages may
be done to the code in effect at the ime of procurement.

2 None
3 None
4 None
6 None

Revised QA classification presently not available. The applicable QA classification will be provided when he
revised 0-Ust Is available.
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5.2.2 Lid Welding Inspection Design Criteria

Applicable CodeslStandards1 , Regulatory Guides (RGs). Code
Applicable Discipline Project SSCs of Federal Regulations CFRs), NUREGs4, DOE Directivess

2001 ASME Boller and Pressure Vessel Code-Section lil, Division I.
Subsection NC and Section V

Materials and Ud Welding None
Fabrication Inspection' None
Technology None

None
Technical Rationale:

' This code supports compliance with requirements of Prject Requirements Document (Curry and Loros 2002)
such as pRD-002IT-004 flnformation relative to codes and standards that DOE proposes to apply to the design
and construction of GROA as required by 10 CFR 6321(c)(2)), PRD-022 and Disposal Container Cosure
System Descdpton Document (BSC 2002k). Section lil, Division I, of 2001 ASME Boller end Pressure Vessel
Code, provides rules for design and fabrication of nuclear components. Procurement of waste packages may
be done to the code In effect at the time of procurement

2 None

3 None
4 None
f None

Revised QA classification presently not available. The applicable QA classification will be pmvided when the
revised 0-List Is available.

5.2.3 Inerting System Design Criteria

Applicable CodeslStandards', Regulatory Guides (RGs)2. Code
Applicable Discipline Project SSCs of Federal Regulations (CFRs)3, NUREGs4, DOE Directives3

To be added later

Materials and To be added later
Fabrication Inerting System' To be added later
Technology To be added later

To be added later
Technical Rationale:

2

3

4

S

Revised QA classification presently not available. The applicable QA classification will be provided when the
revised 0-List Is available.
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5.2A Stress Mitigation Design Criteria

Applicable CodestStandards', Regulatory Guides (RGs)', Code
Applicable Discipline Project SSCs of Federal Regulations (CFRs), NUREGs', DOE DirectivesO

To be added later

Materials and To be added later
Fabrication Stress Mitigalon To be added later
Technology To be added later

To be added later
Technical Rationale:

2

4

* Revised QA classification presently not available. The applicable QA classification will be provided when the
revised 0-ist Is available.

5.2.5 Fabrication Design Criteria

5.2.5.1 Fabrication Codes and Standards

Applicable CodeslStandards', Regulatory Guides (RGs), Code
Applicable Discipline Prolect SSCs of Federal Regulations (CFRs), NUREGs', DOE Directives'

2001 ASME Boiler and Pressure Vessel Code-Section 11,
Section IiI, Division I. Subsection NCINBINCA, Section V,
Section K ASME Y14.5M-1994. ANSUAWS A2A-98,

Materials and ASME Y14.38-1999, ASME Y14.36M41996. ASME 346.1-1996.
aiateials and ASME NQA-1 2000, ANSSUAWS A5.32iA5.32M-97

Fsbrkcatlon Fabrication*
Technology None

None
None
None

Technical Rationale:
I These codes and standards supports compliance with requirements of Project Requirements Document (Curry

and Loros 2002) such as PRD-0021T.004 (information relative to codes and standards that DOE proposes to
apply to the design and construction of GROA as required by 10 CFR 63.21(cX2)). PRD-022 and Disposal
Container Closure System Descr#pton Document (BSC 2002k). Section III, Division I, of 2001 ASME Boiler end
Pressure Vessel Code, provides rules 1br design and fabrication of nuclear components. Procurement of waste
packages may be done to the code In effect at the time of procurement

2 None
3 None
4 None
5 None

Revised QA classification presently not avalable. The applicable QA classification will be provided when the
revised 0-List is available.
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5.3 INTERFACING CRITERIA

Applicable CodeslStandards1, Regulatory Guides (RGs), Code
Applicable Discipline Project SSC of Federal Regulations (CFRs)', NUREGs4, DOE Directives'
Waste Package Interfacing' To be added later
Mechanical To be added later

To be added later
To be added later
To be added later

Technical Rationale:
t

2

3

* Revised QA dassicaton presently not available. The applicable QA classification will be provided when the
revised 0-Ust is available.
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6. DESIGN BASIS FEATURES, EVENTS, AND PROCESSES

6.1 NATURAL PHENOMENA

6.1.1 Meteorological

6.1.1.1 Precipitation

Criteria-The system shall be designed to withstand a frost line depth of 10 inches.

Technical Rationale-Frost line is one of the external environmental parameters that can affect
the foundation and footing design for the structures that must be embedded in the ground. The
frost line depth will be based on the conditions at the Nevada Test Site. This information is
referenced in the Soils ReportforNorth PortalArea, Yucca Mountain Project (BSC 2002u).

Criteria-The system shall be designed to withstand and operate in the snowfall environments
described in the following:

Parameter Value

Maximum Daily Snowfall 6 Inches (15 cm)

Maximum Daily Snow Depth 4 Iniches (10 cm)
Maximum Monthly Snowfall 6.6 Inches (17 cm)

Technical Rationale-Snowfall is one of the primary design parameters needed for exposed
structures to ensure external loadings arc accounted for. Snowfall and snow depth was not part
of the meteorological monitoring program at Yucca Mountain. Therefore, reasonable estimates
of the Yucca Mountain snowfall environment are based upon climatological records from Desert
Rock WSMO, Nevada, which is located approximately 45 km east of the repository site at an
elevation of 3,300 feet. The Desert Rock period of record is 1984-2001. These values are the
actual observations recorded by National Weather Service observers. These data are
documented in DTN: MO0212DSRKSNOW.000.

Criteria-The system shall be designed to withstand and operate in the precipitation environment
described in the following:

Parameter Value
Maximum Annual Precipitation 15 Inches/yr (38 cm)

Maximum Daily Precipitation 5 Inches/day (13 cm)

Precipitatlon Intensity (50-year return period) 2.30 Incheshour (5.6 cm)

Precipitation Intensity (100-year retur period) 2.61 Inches/hr (6.6 cm

Technical Rationale-Daily precipitation is an environmental parameter that can affect site
drainage and erosion, buried utilities, outdoor equipment seals, and roof drain system sizing.
This criterion establishes the rainfall rates through which the affected systems must be able to
endure and fction. The maximum annual precipitation is derived from the actual annual
precipitation amount of 14.43 inches recorded during 1998 (DTN: MO0106SEPSGPCM.001).
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This amount is the greatest recorded over the period 1986-2001 at the 60-meter meteorological
tower, about i-km south-southwest of the North Portal. The maximum daily precipitation is
derived from the CRWMS M&O 1997, p. 4-21, fourth paragraph
(DTN: M09811DEDCRMCR.000). Precipitation intensity is developed in
DTN: MO0004R]B00045.001 and documented in DTN: MO0007SEPPRECP.000. A survey of
hourly precipitation records at Yucca Mountain from 1986 through 2000 indicated that the
maximum observed hourly precipitation event amounted to 1.24 inch (Site 7, 1999)
(DTN: M09903CLIMATOL.001 and MO0212MXHRPRCP.000).

6.1.1.2 Winds

Criteria-The affected system components and outside structures (the system components that are
exposed to outside wind conditions) shall be designed for a maximum wind speed of 121 miles
per hour.

Technical Rationale-Wind is one of the primary external environmental parameters that can
affect buildings and structures located outside. Proper consideration of wind is required to
ensure that buildings and structures can withstand the wind forces, and that system components
are adequately protected from the wind. Based on the requirements in Section 3.3.1 of
NRC 1987, safety related buildings or structures must also be evaluated for the maximum wind
speed. Section 33.1.1I.1 of NUREG-0800 states: The wind used in the design shall be the most
severe wind that has been historically reported for the site and surrounding area with sufficient
margin for the limited accuracy, quantity, and period of time in which historical data has been
accumulated." The maximum wind speed is obtained from MGR Design Basis Extreme
Wind/Tornado Analysis (CRWMS M&O 1999).

Criteria-The system shall operate during and after exposure to a surface (outside) wind speed of
54 meters per second. This value shall be used to design QL-1, 2, and 3 SSCs ITS. For
conventional structures not critical to safety, the wind speed of 45 meters per second shall be
used.

Technical Rationale-This criterion is needed to ensure the system equipment remains
operational during nd after exposure to expected environmental extremes. This criterion
support Regulatory Guide 5.44, Rev 3, Perimeter Intrusion Alarm Systems.

Table 4-6 of CRWMS M&O 1997 (DTN: MO981 IDEDCRMCR000) provides the projections
of maximum one-second gust wind speeds at O m-agl for the nine meteorological site for
50-year, 100-year, and 200-year return periods. The projection at Site I is based on one year of
data and the projections for the other sites are based on four years' data. The value of 50-year
return value of 54.11 m/s, the upper bounding value for all locations, is based on data recorded at
Site 4 the crest of Alice Hill, an exposed location at an elevation of 4,050 feet. The highest
recorded wind speed at this site was 39.1 m/s in August 1998
(DTN: MO0212MXISWSPD.000).

The 50-year return value of 45 m/s was derived for Site 1, which is in a more sheltered location
on the floor of Midway Villey. The highest recorded one-second gust at Site I is 27.1 m/s
(DTN: MO99O3CLIMATOL.OO1). Site I is representative of meteorological conditions in the
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vicinity of both the North and South Portals. The record of extreme wind occurrences in the
period 1986-2000 indicates that the return period values continue to be viable estimates.

6.1.1.3 Tornadoes

See Section 4.2.2.3.7.

6.1.1A Lightning

Criteria-The system shall be designed to provide lightning protection in accordance with
NFPA 780-2001.

Technical Rationale-This criterion establishes the practical safeguarding of persons and
property from hazard arising from exposure to lightning.

6.1.1.5 Ambient Temperature

Criteria-The system shall be designed to withstand and operate in the extreme outside (surface)
temperature environment of 2 degrees fahrenheit to 116 degrees fahrenheit (-16 degrees celsius
to 47 degrees celsius).

Technical Rationale-This criterion establishes the outdoor temperature environment in which
structures, systems, and components are expected to operate. Temperatute is considered to be
one of the primary environmental parameters that can effect component performance or result in
advanced degradation. The extreme outside temperature range (2degrees fahrenheit to
116 degrees fahrenheit) is derived from historical records for the nine meteorological monitoring
sites located at Yucca Mountain (DTN: MO0212YMTEMPEX000) and three regional NOAA
stations (Beatty, Amargosa Farms, and Desert Rock WSO) located in the area surrounding
Yucca Mountain (DTN: M0021 IHISTMPEX.000).

6.1.1.6 Humidity

Criteria-The system shall be designed to withstand and operate in the surface external relative
humidity environment described in the following.

Parameter Value

Annual Mean Value 28%
Minimum summer monthly mean value (June) 13%

Maximum winter month mean value (December) 48%

Technical Rationale-Humidity is considered to be a primary environmental parameter that can
affect SSCs' performance and anticipated life expectancy. This criterion establishes the external
humidity environment at the site. The site-specific values are based on an updated analysis of
Site I records for the period 1986-2000 (DTN: MO212RHSI8600.000).
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6.1.2 Hydrological

6.1.2.1 Flood Events

Criteria-The predicted water surface elevation for the probable maximum flood near the North
Portal Pad is 3,684.2 ft. Facilities that could be damaged by flooding shall be located above this
elevation or appropriately protected from flood (DTN: MO0209EBSPMFSD.029).

Technical Rationale-Conclusion or recommendations from Preliminary Hydrologic
Engineering Studiesfor the North Portal Pad and Vicinity (BSC 2002d) supports this criterion.

6.1.2.2 Floodplains and Floodways

Crieria-The proposed new highway/railroad bridge shall be designed to accommodate a peak
discharge of 26,300 cfs and a scour depth of a maximum of 11 ft.
(DTN: M00209EBSPMFSD.029).

Technical Rational-Conclusions or recommendations from Preliminamy Hydrologic
Engineering Studiesfor the North Portal Pad and Vicinity (BSC 2002d) support this criterion.

6.1.3 Seismic

Seismic design input for the design of SSCs important to Safety (ITS) at the MGR are provided
in terms of Acceleration Response Spectra, and Acceleration Time Histories at locations B, C, D,
and E defined in Figure 6.1.3-1. The locations B and C correspond to the design of subsurface
facilities, whereas locations D and E correspond to the design of surface facilities.

The seismic input are generated for SSCs ITS are defined by Frequency Categories (FC) for
different annual probability of occurrence of the seismic hazard. Three frequency categories of
seismic hazard occurrence, FC-1, FC-1A, and FC-2 are identified with annual exceedance
probability of occurrence as shown below:

* FC-I Mean Annual Probability of Exceedance = E-03 (1,000 year Return Period)
* FC-IA Mean Annual Probability of Exceedance = SE-04 (2,000 yearReturn Period)
* FC-2 Mean Annual Probability of Exceedance - IE-04 (10,000 year Return Period)
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Point C Point E Point D

-

Tuff

r I" j
Point B

I Repository Elevation

Tuff LEGEND
PointA- Reference rock outcrop at repostory elevation
Poirt B- Repository elevation
Poirt C - Rock surface
Poirt D - oi surfce
Peirt E - RocUfshalow soil surface OO1SM_6eirft1

Figure 6.1.3-1. Seismic Design Input Locations

6.13.1 Seismic Input for the Design of SSCs that are Important to Safety

Criteria-The Acceleration Response Spectra, and Acceleration Time Histories for SSCs
Important to Safety shall be used from Table 6.1.3-1.

Table 6.1.3-1. SeIsmic Design Input Identifiers

Seismic Frequency Categories
Location FC-1 (IE03) FC.IA45E.04) FC-2 (IE-04)

Response Spectrum: DTN Response Spectrum: Response Spectrum:
B (to be provided later) DTN:MO0209SDARSlO4.000 DTN(to be provided later)

Time History: DTN(to be ime History: Time History: OTN (to be
provided later) DTN:MO0211TMSHIS104.002 provided later)
Response Spectrum: DTN Response Spectrum Figures (to be Response Spectrum: DTN
(to be provided later) provided later) (to be provided later)
lime History: DTN (to be ime History: TN (to be provided lime HIstory DTN (to be
provided later) later) provided later)
Response Spectrum: DTN Response Spectrum: Response Spectrum: DTN

D (to be provided later) DTN:MO0210SDSTMHIS.001 (to be provided later)
lime History: DTN (to be Time History: lime History DTN (to be
provided later) DTN:MO0210SDSTMHIS.001 provided later)
Response Spectrum: DTN Response Spectrum: DTN (to be Response Spectrum: DTN

E (to be provided later) provided later) (to be provided later)
lime History DTN (to be Time History: DTN (to be provided lime History: DTN (to be
provided later) bter) provided later)

Technical Rationale-The acceleration response spectra and time histories provided in the table
are based on site-specific information.
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6.1.3.2 Seismic Input for the Design of Conventional Quality Structure, System, or
Components

Criteria-The conventional quality SSCs shall be designed for the acceleration levels of USGS
maps defined in Section 1615 of ICC 2000 (IBC). Te coordinates that correspond to the North
Portal for the determination of acceleration levels from the USGS maps are 36.85° Latitude and
-I 16.43° Longitude.

Technical Rationale-This is required in ICC 2000 (IBC).

6.1A Volcanoes

To be provided in a future revision.

6.1.5 Radon

Criteria-Airborne concentrations of radon and radon progeny in potentially occupied areas will
be controlled so that worker exposures will not exceed the regulatory limit of 4 WLM per year in
29 CFR 1910.1096.

Technical Rationale-The design criteria provides for sufficient ventilation and radon emission
controls so that the average radon progeny concentration in the work area will not result in any
worker, fully occupying the area for 2,000 hours per year, to exceed the annual limit of 4 WLM.

6.1.6 Silica Dust

Cteria-The silica dust criteria requires that airborne exposures to crystalline silica not exceed
the American Conference of Governmental Industrial Hygienists (ACGIH) eight-hour TLV
(Threshold Limit Value) of 0.05 mg/M3 (ACGIH 2001). TWA (8 hour Time Weighted
Average), and an IDLH of 25 mg m3 for Cristobolite Silica. (ACGIH 2001)

Technical Rationale-It is BSC policy to reduce the risk of exposure to crystalline silica during
work performed at the MGR to within the ACGIH TLV, as opposed to the United States
Occupational Safety and Health Administration's permissible exposure limit for silica, as the
TLV is more restrictive and represents a more protective work environment.

6.1.7 Rock Fall

To be provided in a future revision.

6.1.8 Structural Geology

To be provided in a future revision.
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6.2 PRECLOSURE SAFETY ANALYSIS

Design criteria, based on Categories I and 2 event sequences, for SSCs that have been identified
having important to safety functions in the preclosure safety analysis and are related to the
design basis for which credit has been taken in the preclosure safety analysis.

6.2.1 Facilities

To be provided later by preclosure safety analysis.

6.2.2 Waste Package

To be provided later by preclosure safety analysis.

6.3 THERMAL

Criteria-Design of pillars shall promote the drainage of water (Williams, N.H. 2002a).

Technical Rationale-The criterion on pillar design is intended to ensure that pore water
liberated fromi the host rock matrix and percolation flux drains through sub-boiling region of the
fracture network to the water table rather than accumulate above the repository horizon.

Criteria-Cladding temperature shall not exceed 350 degrees celsius (Williams, N.H. 2002a).

Technical Rationale-Cladding temperature is limited to 350 degrees celsius or less to provide
margin to failure by creep rupture.

Criteria-Preclosure drift wall temperature shall be less than 96 degrees celsius (Williams, N.H.
2002a).

Technical Rationale-The goal to limit preclosure drift wall temperature to 96 degrees celsius or
less is to not preclude cool operating modes.

Criteria-Postclosure drift wall temperature shall be 200 degrees celsius or less (Williams, N.H.
2002a).

Technical Rationale-The goal to limit postclosure drift wall temperature to 200 degrees celsius
or less is to avoid adverse mineralogical transitions.
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Illinois: American Nuclear Society. TIC: 252757.

ANSIIANS-HPSSC-6.8.1-1 981. Location and Design Criteriafor Area Radiation Monitoring
Systemsfor Light Water Nuclear Reactors. La Grange Park, Illinois: American Nuclear Society.
TIC: 253112.

ANSI/ASHRAE SS(SSa)-1995. 1995. Thermal Environmental ConditionsforHuman
Occupancy, with Addendum. Atlanta, Georgia American Society of Heating, Refrigerating and
Air-Conditioning Engineers. TIC: 252273; 252574.

ANSI/ASHRAE62-1989.1990. VentilationforAcceptableIndoorAirQuality. Atlanta,
Georgia: American Society of Heating, Refrigerating and Air-Conditioning Engineers.
TIC: 235682.

ANSIASHRAE/IES 90A-a-1987. 1988. Addenda to Enery Conservation in New Building
Design. Atlanta, Georgia: American Society of Heating, Refrigerating and Air-Conditioning
Enginees. TIC: 240275.

ANSI/ASHRAAESNA 90.1-2001. EnergyStandardforBuildings ExceptLow-RiseResidential
Buildings, I-P Edition. Atlanta, Georgia: American Society of Heating, Refigerating and
Air-Conditioning Engineers. TIC: 253111.

ANSI/AWS A2.4-98. 1998. Standard Symbolsfor Welding, Brazing, and Nondestructive
Examination. Miami, Florida: American Welding Society. TIC: 253107.

ANSI/AWS A5.32/A5.32M-97. Specificationfor Welding Shielding Gases. 1998. Miami,
Florida: American Welding Society. TIC: 253550.
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ANSI/AWS D14.1-97. 1998. Specification for Welding oflndustrial and Mill Cranes and Other
Material Handling Equipment. Miami, Florida: American Welding Society. TIC: 253132.

ANSI/AWWA D100-96. 1997. Welded Steel Tanksfor Water Storage. Denver, Colordo:
American Water Works Association. TIC: 253090.

ANSI/AWWA D102-97. 1997. Coating Steel Water-Storage Tanks. Denver, Colorado:
American Water Works Association. TIC: 253089.

ANSIIUS 100-1988. 1988. American National Standardfor Human Factors Engineering of
Visual Display Terminal Workstations. Santa Monica, California: The Human Factors Society.
TIC: 211186.

ANSIBPS N13.1. 1999. American National Standard Sampling and MonitoringReleases of
Airborne Radioactive Substances from the Stacks and Ducts of Nudear Facilities. McLean,
Virginia: Health Physics Society. TIC: 248835.

ANSIIEEE Std 80-1986 (Reaffirmed 1991). IEEE Guidefor Safety in AC Substation
Grounding. New York, New York: Institute of Electrical and Electronics Engineers.
TIC: 6557.

ANSIIIES-RP-7-1991. American National Standard Practicefor Jndustrial Lighting.
New York, New York: Illuminating Engineering Society of North America. TIC: 242936.

ANSIDISA-S84.01-1996. Application of Saety Instrumented Systems for the Process Industries.
Research Triangle Park, North Carolina: Instrument Society of America. TIC: 244098.

ANS/NEMA 250-1997.2001. EnclosuresforElectricalEquipment (1000 Volts Maximum).
Rosslyn, Virginia: National Electrical Manufactuers Association. TIC: 253142.

ANSINPA 220. 1992. Standard on Types of Building Construction. 1992 Edition. Quincy,
Massachusetts: NationalFire Protection Association. TIC: 103002.

ANSI/NFPA 407. 1990. StandardforAircraft Fuel Servicing. 1990 Edition. Quincy,
Massachusetts: NationalFireProtectionAssociation. TIC: 4115.

ANSI/NFPA 80.1999. StandardforFire Doors and Fire Wndows. 1999 Edition. Quincy,
Massachusetts: NationalFireProtectionAssociation. TIC: 249883.

ANSI/UL 467-1998.2001. Standardfor Grounding and Bonding Equipment. 7th Edition.
Northbrook, Illinois: UnderwritersLaboratories. TIC: 253134.

AP-2.22Q, Rev. 0, ICN 0. Classbication Criteria and Maintenance of the Monitored Geologic
Repository Q-List. Washington, D.C.: U.S. Department of Energy, Office of Civilian
Radioactive Waste Management. ACC: MOL.20020314.0046.

AREA (American Railroad Engineering Association) 1997. Manualfor Railway Engineering.
Four Volumes. Washington, D.C.: American Railway Engineering Association. TIC: 233847.
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ASCE (American Society of Civil Engineering) 1972. Design and Construction of Sanitary and
Storm Sewers. 6th printing 1991. [New York, New YorkJ: American Society of Civil
Engineers. TIC: 4191.

ASCE 4-98.2000. Seismic Analysis of Safety-RelatedNuclearStructures and Commentary.
Reston,Virginia: AmericanSocietyofCivilEngincers. TIC: 253158.

ASCE 7-98. 2000. Minimum Design Loadsfor Buildings and Other Structures. Revision of
ANSI/ASCE7-95. RestonVirginia: AmericanSocietyofCivilEngineers. TIC: 247427.

ASHRAE (American Society of Heating, Refrigerating & Air-Conditioning Engineer) 2001.
2001 ASHRAEHandbook; Fundamentals. Inch-Pound Edition. Atlanta, Georgia: American
Society of Heating, Refrigerating and Air-Conditioning Engineers. llC: 249910.

ASHRAE DG-1-93. 1993. Heating, Ventilating, and Air-Conditioning Design Guidefor
Departnent of Energy Nuclear Facilities. Atlanta, Georgia: American Society of Heating,
Refrigerating and Air-Conditioning Engineers. TIC: 240280.

ASME (American Society of Mechanical Engineers) 2001. 2001 ASME Boiler and Pressure
Vessel Code (includes 2002 addenda). New York, New York: American Society of Mechanical
Engineers. TIC: 251425.

ASME AG1-1997. Code on NuclearAir and Gas Treatment. New York, New York:
AmericanSocietyofMechanicalEngineers. TIC: 247207.

ASME B30.2-1996. Overhead and Gantry Cranes (Fop Running Bridge, Single or Multiple
Girder, Top Running Trolley Hoist). New York, New York: American Society of Mechanical
Engineers. TIC: 238529.

ASME B30.9-1996 (Revision of ASME B30.9-1990). 1996. Slings, Safety Standardfor
Cableways, Cranes, Derricks, Hoists, Hooks, Jacks, and Slings. New York, New York:
American Society of Mechanical Engineers. TIC: 240282.

ASME B30.16-1993. Overhead Hoists (Jnderhung). New York, New York: American Society
of Mechanical Engineers. TIC: 238305.

ASME B30.20-1 993. Below-the-Hook Lifting Devices. New York, New York: American
SocietyofMechanicalEngineers. TIC: 243041.

ASMEB31.1-2001. 2001. Power Piping. NewYorkNewYork: American Society of
Mechanical Engineers. TIC: 252760.

ASME B31.3-2002.2002. Process Piping. New York New York: American Society of
MecharnicalEngineers. TIC: 252761.

ASME B31.4a-2001. 2001. Addenda to ASME B31.4-1998 Edition Pipeline Transportation
Systemsfor Liquid Hydrocarbons and Other Liquids. New York, New York: American Society
of Mechanical Engineers. TIC: 252762; 252842.
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ASME B31.5-2001.2001. Refrigeration Piping and Heat Transfer Components. New York,
NewYork: AmericanSocietyofMechanicalEngineers. TIC: 252763.

ASME B31.9-1996.1997. Building Services Piping. New York, New York: American Society
ofMechanicalEngineers. TIC: 252764.

ASME B46.1-1995. 1996. Surface Texture (Suface Roughness, Waviness, and Ly).
New York, New York: American Society of Mechanical Engineers. TIC: 253103.

ASME N509-1989. Nuclear Power Plant Air-Cleaning Units and Components. New York,
New York: American Society of Mechanical Engineers. TIC: 240273.

ASME N510-1989. Testing of NuclearAir Treatment Sstems. New York, New York:
American Society of Mechanical Engineers. TIC: 239028.

ASME NOG-1-2002. 2002. Rules for Construction of Overhead and Gantry Cranes (Top
Running Bridge, Multiple Girder). New York, New York: American Society of Mechanical
Engineers. TIC: 252907.

ASME NQA-1-2000. 2001. Quality Assurance Requirementsfor Nudear FaclityApplications.
New York, New York: American Society of Mchanical Engineers. TIC: 253110.

ASME Y14.5M-1994. 1999. Dimensioning and Tolerancing. New York, New York: American
SocietyofMecanicalEngineers. TIC: 253106.

ASME Y14.36M-1996. 1996. Surface Texture Symbols. New York, New York: American
Society of Mechanical Engineers. TIC: 253104.

ASME Y14.38-1999. Abbreviations and Acronyms. New York, New York: American Society
of Mechanical Engineer TIC: 253105.

ASTM A 108-99. 1999. Standard Speciication for Steel Bars, Carbon, Cold-Finished, Standard
Quality. West Conshohocken, Pennsylvania: American Society for Testing and Materials.
TIC: 252772.

ASTM A 185-01.2002. Standard Specification for Steel Welded Wire Reinforcement, Plain, for
Concrete. West Conshohocken, Pennsylvania: American Society for Testing and Materials.
TIC: 252290.

ASTM A 307-00.2000. Standard Specification for Carbon Steel Bolts and Studs, 60 000 PSI
Tensile Strength. West Conshohocken, Pennsylvania: American Society for Testing and
Materials. TIC: 249502.

ASTM A 325-02.2002. Standard Specification for Structural Bolts, Steel, Heat Treated,
120/105 ksi Minimum Tensile Strength. West Conshohocken, Pennsylvania: American Society
for Testing and Materials. TIC: 252765.
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ASTM A 36/A 36M-O1. 2001. Standard Specifcation for Carbon Structural Steel. West
Conshohocken, Pennsylvania: American Society for Testing and Materials. TIC: 252373.

ASTM A 53/A 53M-01. 2001. StandardSpecificationforPipe, Steel, Black and Hot-D4p7ed,
Zinc-Coated, Welded and Seamless. West Conshohocken, Pennsylvania: American Society for
Testing and Materials. TIC: 252660.

ASTM A 490-02. 2002. Standard Specification for Structural Botts, Alloy Steel, Heat Treated,
150 ksi Minimum Tensile Strength. West Conshohocken, Pennsylvania: American Society for
Testing and Materials. TIC: 252766.

ASTMA 50-Ola 2001. StandardSpecificationforCold-Formed Welded andSeamless Carbon
SteelStructural Tubing in Rounds and Shapes. West Conshohocken, Pennsylvania: American
Society for Testing and Materials. TIC: 252768.

ASTM A 572/A 572M-01.2001. Standard Specification forHigh-Strength Low-Alloy
Columbium-Vanadium Structural Steel West Conshohocken, Pemsylvania: American Society
for Testing and Materials. TIC: 252605.

ASTM A 615/A 615M-Olb. 2001. Standard Specification forDeformed and Plain Billet-Steel
Barsfor Concrete Reinforcement. West Conshohocken, Pennsylvania: American Society for
Testing and Materials. TIC: 252480.

ASTM A 653/A 653M-Ola. 2001. Standard Specification for Steel Sheet, Zinc-Coated
(Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process. West
Conshohocken, Pennsylvania: American Society for Testing and Materials. TIC: 252770.

ASTM A 706/A 706 M-01. 2001. Standard Specification forLow-Alloy Steel Deformed and
Plain Bars for Concrete Reinforcement. West Conshohocken, Pennsylvania: American Society
forTestingandMaterials. TIC: 252911.

ASTM A 820-01. 2001. Standard Specfi cation for Steel Fibers for Fiber-Reinforced Concrete.
West Conshohocken, Pennsylvania: American Society for Testing and Materials. TIC: 252737.

ASTM A 992/A 992M-02. 2002. Standard SpecificationforStructural Steel Shapes. West
Conshohocken, Pennsylvania: American Society for Testing and Materials. TIC: 252771.

ASThM C 150-02. 2002. Standard Specification for Portland Cement. West Conshohocken,
Pennsylvania: AmericanSocietyforTestingandMaterials. TIC: 252481.

ASTM C 494/C 494M-99a. 1999. Standard Specification for Chemical Admixturesfor
Concrete. West Conshohocken, Pennsylvania: American Society for Testing and Materials.
TIC: 249505.

ASTM C 845-96.1996. Standard Spefi cationforExpansive Hydraulic Cement. West
Conshohocken, Pennsylvania: American Society for Testing and Materials. TIC: 246401.
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ASTM C992-89 (Reapproved 1997). Standard Specifcationfor Boron-Based Neutron
Absorbing Material Systemsfor Use in Nuclear Spent Fuel Storage Racks. West Conshohocken,
Pennsylvania: American Society for Testing and Materials. TIC: 238942.

ASTM C 1217-00. 2000. Standard Guidefor Design of Equipmentfor Processing Nuclear and
Radioactive Materials. West Conshohocken, Pennsylvania: American Society for Testing and
Materials. TIC: 252738.

ASTM C 1240-01. 2001. Standard Specification for Use of Silica Fume as a MineralAdmixture
in Hydraulic-Cement Concrete, Mortar, and Grout. West Conshohocken, Pennsylvania:
American Society for Testing and Materials. TIC: 252739.

ASTM D 5144-00.2000. Standard Guidefor Use of Protective Coating Standards in Nuclear
Power Plants. West Conshohocken, Pennsylvania: American Society for Testing and Materials.
TIC: 252740.

ASTM E 84-98.1998. Standard Test Methodfor Surface Burning Characteristics ofBuilding
Materials. Philadelphia Pennsylvania: American Society for Testing and Materials.
TIC: 241077.

ASTM E 136-99. 2000. Standard Test Methodfor Behavior ofMaterials in a Vertical Tube
Furnace at 7500C. West Conshohocken, Pennsylvania: American Society for Testing and
Materials. TIC: 252741.

ASTM F 432-95. 1995. Standard Specification for Roof and Rock Bolts and Accessories.
Philadelphia, Pennsylvania: American Society for Testing and Materials. TIC: 241007.

ASTM F 1554-99. 1999. Standard Specificationfor Anchor Bolts. Steel, 36, 55, and 105i
Yield Strength. West Conshohocken, Pennsylvania: American Society for Testing and
Materials. TIC: 252773.

AWS Dl.1/DI.IM:2002. 2002. Structural Welding Code-Steel. 18th Edition. Miami, Florida:
American Welding Society. TIC: 251437.

AWWA (American Water Works Association). 1990. Recommended Practicefor Bacflow
Prevention and Cross-Connection Control. 2nd Edition. AWWA Manual M14. Denver,
Colorado: American Water Works Association. TIC: 248200.

CMAA 70-2000. Specifications for Top Running Bridge and Gantry Te Multiple Girder
Electric Overhead Traveling Cranes. Charlotte, North Carolina: Crane Manufacturers
Association of America. TIC:. 249445.

CMAA-74-2000. Specifcationsfor Top Running & Under Running Single Girder Electric
Traveling Cranes Utilizing Under Running Trolley Hoist. Charlotte, North Carolina: Crane
Manufacturers Association of America. TIC: 249651.

Clean Water Act of 1977. 33 U.S.C. 1251 et seq. Readily available.
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DOE G 420.1-1. 2000. Nonreactor Nuclear Safety Design Criteria and Explosives Safety
Criteria Guide for Use with DOE 0 420.1, Facility Safety. Washington, D.C.: U.S. Department
of Energy. Readily available.

DOE G 440.1-5. 1995. Implementation Guidefor Use with DOE Orders 420.1 and 440.1 Fire
Safety Program. Washington, D.C.: U.S. Department of Energy. Readily available.

DOE HQ 0250.1. 1998. Civilian Radioactive Waste Management Facilities - Exemption from
Departmental Directives. Washington, D.C.: U.S. Department of Energy. Readily available.

DOE N 450.4. 2001. Assignment ofResponsibifitiesfor Executive Order 13148, Greening the
Government Through Leadershi In Environmental Management. Washington, D.C.: U.S.
Department of Energy. Readily available.

DOE 0252.1.1999. Technical Standards Program. Washington, D.C.: U.S. Department of
Energy. Readily available.

DOE 0 420.1 Change 3.2000. Facility Safety. Washington, D.C.: U.S. Department of Energy.
Readily available.

DOE 0 4302A 2002. Departmental Energy and Utilities Management. Washington, D.C.:
U.S. Department of Energy. Readily available.

DOE 0 440.1A. 1998. Worker Protection Managementfor DOE Federal and Contractor
Employees. Washington, D.C.: U.S. Department of Energy. Readily available.

DOE Order 5400.1 Change 1. 1990. General Environmental Protection Program. Washington,
D.C.: U.S. Department ofEnergy. Readily available.

DOE-STD- 1020-2002.2002. Natural Phenomena Hazards Design andEvaluation Criteria for
Department of Energy Facilities. Washington, D.C.: U.S. Department of Energy.
TIC: 253058.

DOE-STD-1 066-99.1999. Fire Protection Design Criteria. Washington, D.C.: U.S.
Department of Energy. TIC: 249884.

DOE-STD- 1090-99.1999. Hoistingand Rigging (FormerlyHoistingand RiggingManual).
Washington, D.C.: U.S. Department of Energy. Readily available.

Emmett, M.B. and Jordan, W.C. 1996. Guide to the Verification and Validation of the SCALE-4
Criticality Safety Software. NUREG/CR-6483. Washington, D.C.: U.S. Nuclear Regulatory
Commission. TIC: 247852.

Endangered Species Act of 1973. 16 U.S.C. 1531 et seq. Readily available.

FM Global. 2001. Approval Guide, A Guide to Equipment, Materials and Services Approved by
Factory Mutual Research for Property Conservation. Norwood, Massachusetts: Factory Mutual
Research. TIC: 251968.
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ICC (International Code Council) 2000: International Plumbing Code, 2900. Falls Church,
Virginia: International Code Council. TIC: 253029.

ICC (International Code Council) 2000. International Building Code 2000. Falls Church,
Virginia: International Code Council. TIC: 251054.

ICC (International Code Council) 2002. International Fire Code, 2000. Falls Church, Virginia:
International Code Council. TIC: 253149.

ICCIANSI Al 17.1-1998.2001. Accessible and Usable Buildings and Facilities. Falls Church,
Virginia: International Code Council. TIC: 252742.

IEEE Std 141-1993. 1994. IEEE Recommended PracticeforElectricalPower Distribution for
Industrial Plants. New York, New York: The Institute of Electrical and Electronics Engineers.
TIC: 240362.

IEE Std 142-1991. 1991. IEEE Recommended Practicefor Grounding of Industrial and
Commercial Power Systems. New York, New York: Institute of Electrical and Electromics
Engineers. TIC: 235220.

IEEE Std 242-2001. 2001 . EEE Recommended Practicefor Protection and Coordination of
Industrial and Commercial PowerSystems. New York, New York: Tbe nstitute of Electrical
andElectronicEngineers. TIC: 252745.

IEEE Std 308-2001. 2002. IEEE Standard Criteriafor Class lE Power Systems for Nuclear
Power Generating Stations. New York, New York: Institute of Electrical and Electronic
Engineers. TIC: 252746.

IEEE Std 323-1983. 1983. EStandardforQualifingClass lEEquipmentforNuclear
Power Generating Stations. New York New York: The Institute of Electrical and Electronics
Engineers. TIC: 232362.

IEEE Std 379-1994. IEEE Standard Application of the Single-Failure Criterion to Nuclear
Power Generating Station Safety Systems. New York, New York: The Institute of Electrical and
Electronics Engineers. TIC: 241086.

IEEE Std 384-1992. 1992. IEEE Standard Criteriafor Independence of Class 1E Equipment
and Circuits. New York, New York: Institute of Electrical and Electronics Engineers.
TIC: 237497.

IEEE Std 387-1995. 1996. IEEE Standardfor Diesel-Generator Units Applied as Standby
Power Suppliesfor Nuclear Power Generating Stations. New York, New York: Institute of
Electrical and Electronics Engineers. TIC: 241318.

IEEE Std 399-1997. 1998. IEE Recommended Practicefor Industrial and Commercial Power
Systems Analysis. New York, New York: Institute of Electrical and Electronics Engineers.
TIC: 242962.
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IEEE Std 446-1995. 1995. EEERecommended PracticeforEmergencyand StandbyPower
Systems for Industrial and Commercial Applications. New York, New York: Institute of
Electrical and Electronics Enginces. TIC: 242952.

IEEE Std 484-1996. 1996. IEEE Recommended Practice for Installation Design and Installation
ofVented Lead-Acid Batteries for Stationary Applications. New York New York: Institute of
ElecticalandElectronicsEngineers. TIC: 247199.

IEEE Std 485-1997. IEEERecommended PracticeforSizingLead-Acits 'eriesforStationary
Applications. New York, New York: Institute of Electrical and Electronic; gineers.
TIC: 247200.

IEEE Std 739-1995. 1996. IEEE Recommended PracticeforEnergy Management it 7 .dustrial
and CommercialFacilities. New York, New York: Th bstitute of Electrical and Elecuonics
Engineers. TIC: 231S63.

IEEE Std 741-1997. 1997. IEEE Standard Criteriafor the Protection of Class lEPower
Systems and Equipment inNuclearPower Generating Stations. New York, New York: The
Institute of Electrical and Electronics Engineers. TIC: 242242.

IEEE Std 802.3ae' 42002. IEEE Standardfor Information Technology-Telecommunications
and Information Exchange between Systems-Local and Metropolitan Area Networks-Spc
Requirements-Part 3: Carrier Sense Multiple Access with Collision Detection (CSM
Access Method and Physical Layer Specifications. Amendment 1: Media Access'
Parameters. Physical Lavyers, and Management Parametersfor 10 Gb/s Opet; . : ork,
New York: Institute of Electrical and Electronics Engineers. TIC: 253454

IEEE Std946-1992.1993. IEEERecommendedPracticefor ." ,z.'k AuxiliaryPower
Systemsfor Generating Stations. New York, New York: iz., trical and Electronics
Engineers. TIC: 248438.

IEEE Std 1100-1999.1999. IEEERecommended PracticeforPoweringand Grounding
Electronic Equpment. New York, New York: Institute of Electrical and Electronic Engineers.
TIC: 252744.

IEEE Std 1202-1991. IEEE Standardfor Flame Testing of Cables for Use in Cable Tray in
Industrial and Commercial Occupancies. New York, Now York: Institute of Electrical and
Electronics Engineers. TIC: 253647.

IEE Std 1224-1993. IEEE Standardfor Information Technology - Open Systems
Interconnection (OS) Abstract Data Manipulation -Application Program Interface (API)
[Language Independent]. New York, New York: The Institute of Electrical and Electronics
Engineers. TIC: 246297.

EEU C2-2002. 2001. National Electrical Safety Code. New York, New York: The Institute of
Electrical and Electronic Engineers. TIC: 252743.
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IEEE Std C37.010-1999. IEEE Application Guidefor AC High- Voltage Circuit Breakers Rated
on a Symmetrical Current Basis. New York, New York: Institute of Electrical and Electronics
Engineers. TIC: 248883.

ISO 9241-10. 1996. Ergonomic Requirements for Office Work with Visual Display Terminals
(VDTs) - Part 10: Dialogue Principles. Geneva, Switzerland: nternational Organization for
Standardization. TIC: 239287.

ISO 9241-14. 1997. Ergonomic Requirements for Ofice Work with Visual Display Terminals
(VDTs) - Part 14: Menu Dialogues. Geneva, Switzerland: International Organization for
Standardization. TIC: 239290.

ISO 9241-15. 1997. Ergonomic Requirementsfor Office Work with Visual Display Terminals
(VDTs) - Part 15: Command Dialogues. Geneva, Switzerland: International Organization for
Standardization. TIC: 239291.

ISO 9241-3. 1992. Ergonomic Requirementsfor Office Work with Visual Display Terminals
(VDTs) - Part 3: Visual Display Requirements. Geneva, Switzerland: International Organization
for Standardization. TIC: 239283.

ISO 9241-8. 1997. Ergonomic Requirements forice Work with Visul Display Terminals
(VDTs) - Part 8: Requirementsfor Displayed Colours. Geneva, Switzerland: International
Organization for Standardization. TIC: 239285.

LP-3.25Q-BSC, Rev. 1 ICN 2. Design Criteria. Washington, D.C.: U.S. Department of
Energy, Office of Civilian Radioactive Waste Management. ACC: MOL.20021015.0106.

M1L-STD-1472E. 1996. Department of Defense Design Criteria Standard, Human Engineering.
Washington, D.C.: U.S. Department of Defense. TIC: 235204.

NAC (Nevada Administrative Code) 444. Sanitation. Readily available.

NAC (Nevada Administrative Code) 445A. Water Controls. Readily available.

NAC (Nevada Administrative Code) 445B. Air Controls. Readily available.

National Technology Transfer and Advancement Act of 1995. Public Law No. 104-113, 110
Stat. 775. Readily available.

NEMA MG 1-1998, Rev. 1. 2000. Motors and Generators. Rosslyn, Virginia: National
Electrical Manufacturers Association. TIC: 249172.

NEMA MG 10-1994. Energy Management Guidefor Selection and Use of Fixed Frequency
Medium AC Squirrel-Cage Polyphase Induction Motors. Washington, D.C.: National Electrical
Manufacturers Association. TIC: 249173.

NEMA PB 1-1990. Pnelboards. Standards Publication No. PB 1. Washington, D.C.: National
Electrical Manufacturers Association. TIC: 3617.
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NEMA WC 8-1988.1996. Ethylene-Propylene-Rubber-Insulated wire and Cablefor the
Transmission and Distribution of Electrical Energy. Rosslyn, Virginia: National Electrical
Manufacturers Association. TIC: 252691.

NFPA 1. 2000. Fire Prevention Code. 2000 Edition. Quincy, Massachusetts: National Fire
Protection Association. 1C: 248642.

NFPA 10. 2002. Standardfor Portable Fire Extinguishers. 2002 Edition. Quincy,
Massachusetts: National Fire Protection Association. TIC: 253678.

NFPA 11. 2002. Standardfor Low-, Medium-, and High-Expansion Foam. 2002 Edition.
Quincy, Massachusetts: National Fire Protection Association. TIC: 253668.

NFPA 13. 2002. Standardfor the Installation of Sprinkler Systems. 2002 Edition. Quincy,
Massachusetts: National Fire Protection Association. TIC: 253657.

NFPA 14. 2000. Standardfor the Installation ofStandplpe, Private Hydrant, and Hose Systems.
2000 Edition. Quincy, Massachusetts: National Fire Protection Association. TIC: 249673.

NFPA 15. 2001. Standardfor Water Spray Fixed Systemsfor Fire Protection. 2001 Edition.
Quincy, Massachusetts: National Fire Protection Association. TIC: 252914.

NFPA 16.1999. Standardfor the Installation of Foam-Water Sprinkler and Foam-Water Spray
Systems. 1999 Edition . Quincy, Massachusetts: National Fire Protection Association.
TIC: 253670.

NFPA 17. 2002. Standardfor Dry Chemical Extinguishing Systems. 2002 Edition. Quincy,
Massachusetts: National Fire Protection Association. TIC: 253680.

NFPA 20. 1999. Standardfor the Installation of Stationaiy PumpsforFire Protection. 1999
Edition. Quincy, Massachusetts: National Fire Protection Association. TIC: 247220.

NFPA 22.1998. Standardfor Water TanksforPrvateFireProtection. 1998 Edition. Quincy,
Massachusetts: NationalFireProtectionAssociation. TIC: 242594.

NFPA 24. 2002. Standardfor the Installation ofPrivate Fire Service Mains and Their
Appurtenances. 2002 Edition. Quincy, Massachusetts: National Fire Protection Association.
TIC: 253658.

NFPA 25. 2002. Standardfor the Inspection, Testing, and Maintenance of Water-Based Fire
Protection Systems. 2002 Edition. Quincy, Massachusetts: National Fire Protection
Association. TIC: 253684.

NFPA 30.2000. Flammable and Combustible Liquids Code. 2000 Edition. Quincy,
Massachusetts: National Fire Protection Association. TIC: 249674.

NFPA 68: 2002. Guidefor Venting of Defagrations. 2002 Edition. Quincy, Massachusetts:
National Fire Protection Association. TIC: 252925.
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NFPA 69. 2002. Standard on Explosion Prevention Systems. 2002 Edition. Quincy,
Massachusetts: National Fire Protection Association. TIC: 253685.

NFPA 70. 2002. National Electrical Code. 2002 Edition. Quincy, Massachusetts: National
Fire Protection Association. TIC: 252084.

NFPA 72. 2002. National Fire Alarm Code. 2002 Edition. Quincy, Massachusetts: National
Fire Protection Association. TIC: 253686.

NFPA 75. 1999. Standardfor the Protection of Electronic Computer/Data Processing
Equipment. Quincy, Massachusetts: National Fire Protection Agency. TIC: 252747.

NFPA 80A. 2001. RecommendedPracticefor Protection ofBuildingsfrom Exterior Fire
Exposures. 2001 Edition. Quincy, Massachusetts: National Fire Protection Association.
TIC: 253672.

NFPA 90A. 2002. Standardfor the Installation ofAir-Conditioning and Ventilating Systems.
2002 Edition. Quincy, Massachusetts: National Fire Protection Association. TIC: 23687.

NFPA 101. 2000. Life Safety Code. 2000 Edition. Quincy, Massachusetts: National Fire
Protection Association. TIC: 247536.

NFPA 221. 2000. Standardfor Fire Walls and Fire Barrier Walls. 2000 Edition. Quincy,
Massachusetts: National Fire Protection Association. TIC: 253677.

NFPA 502. 2001. Standardfor Road Tunnels, Bridges, and Other Limired Access Highways.
2001 Edition. Quincy, Massachusetts: National Fire Protection Association. TIC: 25291S.

NFPA 750. 2000. Standard on Water Aist Fire Protection Systems. 2000 Edition. Quincy,
Massachusetts: National Fire Protection Association. TIC: 253674.

NFPA 780. 2001. Standardfor the Installation ofLightning Protection Systems. 2000 Edition.
Quincy, Massachusetts: National Fire Protection Agency. TIC: 252748.

NFPA 801. 1998. Standardfor Fire Protection for Facilities Handling Radioactive Materials.
1998 Edition. Quincy, Massachusetts: National Fire Protection Association. TIC: 241330.

NFPA 1963. 1998. Standardfor Fire Hose Connections. 1998 Edition. Quincy, Massachusetts:
National Fire Protection Association. TIC: 242875.

NFPA 2001.2000. Standardfor Clean Agent Fire Extinguishing Systems. 2000 Edition.
Quincy, Massachusetts: National Fire Protection Association. TIC: 249694

NRC (U.S. Nuclear Regulatory Commission) 1979. Single-Failure-Proof Cranes for Nuclear
Power Plants. NUREG-0554. Washington, D.C.: U.S. Nuclear Regulatory Commission.
TIC: 232978.
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NRC (U.S. Nuclear Regulatory Commission) 1980. Control of Heay Loads at Nuclear Power
Plants. NUREG-0612. Washington, D.C.: U.S. Nuclear Regulatory Commission.
TIC: 209017.

NRC (U.S. Nuclear Regulatory Commission) 1983. PRP4 Procedures Guide, A Guide to the
Performance ofProbabilistic Risk Assessments for Nuclear Power Plants. NUREGICR-2300.
Two volumes. Washington, D.C.: U.S. Nuclear Regulatory Commission. TIC: 205084.

NRC (U.S. Nuclear Regulatory Commission) 1987. Standard Review Plan for the Review of
SafetyAnalysis Reports for Nuclear Power Plants. NUREG-0800. LWR Edition. Washington,
D.C.: U.S.NuclearRegulatoryCommission. TIC: 203894.

NRC (U.S. Nuclear Regulatory Commission) 1996. Human-System Inteface Design Review
Guideline. NUREG-0700, Rev. 1. Three volumes. Washington, D.C.: U.S. Nuclear Regulatory
Commission. TIC: 246624; 246668; 247803.

NRC (U.S. Nuclear Regulatory Commission) 1997. Standard Review Planfor Dry Cask Storage
Systems. NUREG-1536. Washington, D.C.: U.S. Nuclear Regulatory Commission.
ACC: MOL20010724.0307.

NRC (U.S. Nuclear Regulatory Commission) 2000a. Standard Review Planfor Spent Fuel Dry
Storage Facilities. NUREG-1567. Washington, D.C.: U.S. Nuclear Regulatory Commission.
TIC: 247929.

NRC (U.S. Nuclear Regulatory Commission) 2000b. Standard Review Plan for Transportation
PackagesforSpentNuclearFuel. NUREG-1617. Washington, D.C.: U.S. NuclearRegulatory
Commission. TIC: 249470.

NRC (U.S. Nuclear Regulatory Commission) 2001. "Interim Staff Guidance - 6. Minimum
Enrichmentfor Design Basis." SG-6. Washington, D.C.: U.S. Nuclear Regulatory Commission.
TIC: 253434.

NRC (U.S. Nuclear Regulatory Commission) 2002a. Interim Staff Guidance - 8 Revision 2.
Burnup Credit in the Criticality Safety Analysis of PWR Spent Fuel in Transport and Storage
Casks. ISG-8, Rev. 2. Washington, D.C.: U.S. Nuclear Regulatory Commission.
ACC: MOL.20030124.0248.

NRC (U.S. Nuclear Regulatory Commission) 2002b. "Interim StaffGuidance- 11, Revision 2.
Cladding Considerations for the Transportation and Storage of Spent FueL" ISG-I 1, Rev. 2.
Washington, D.C.: U.S. Nuclear Regulatory Commission. Accessed February 19,2003.
ACC: MOL20030219.0134.

NRC (U.S. Nuclear Regulatory Commission) 2002c. Standard Review Planfor the Review of a
License Application for a Fuel Cycle Facility. NUREG-1520. Washington, D.C.: U.S. Nuclear
RegulatoryCommission. TIC: 253141.
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NRC (US. Nuclear Regulatory Commission) 2002d. Yucca Mountain Review Plan, Draft
Reportfor Comment. NUREG-1804, Rev. 2. Washington, D.C.: U.S. Nuclear Regulatory
Commission, Office of NuclearMaterial Safety and Safeguards. TIC: 252488..

Nuclear Waste Policy Act of 1982. 42 U.S.C. 10101 ct seq. Readily available.

Nuclear Waste Policy Amendments Act of 1987. Public Law No. 100-203, 101 Stat. 1330.
Readily available.

OMB Circular No. A-i 19. 1998. Federal Participation in the Development and Use of
Voluntary Consensus Standards and in Conformity Assessment Activities. [Washington, D.C.]:
Office of Management and Budget. Readily available.

Regulatory Guide 1.8, Rev. 3. 2000. Qualification and Training ofFersonnelfor Nuclear Power
Plants. Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 1.12, Rev. 02. 1997. Nuclear Power Plant Instrumentationfor Earthquakes.
Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 1.13, Rev. 1.1975. Spent Fuel Storage Facility Design Basis. Washington,
D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 1.21, Rev. 1.1974. Measuring, Evaluating, and Reporting Radioactivity in
Solid Wastes and Releases ofRadioactive Materials in Liquid and Gaseous Effluentsfrom
Light-Water-Cooled Nuclear Power Plants. Washington, D.C.: U.S. Nuclear Regulatory
Commission. TIC: 223043.

Regulatory Guide 1.23, Rev. 0. 1972. Onsite Meteorological Programs. Washington, D.C.:
U.S. Atomic Energy Commission. Readily available.

Regulatory Guide 1.25 Rev. 0. 1972. Assumptions Usedfor Evaluating the Potential
Radiological Consequences of a Fuel Handling Accident in the Fuel Handling and Storage
Facilityfor Boiling and Pressurized Water Reactors. Washington, D.C.: US. Nuclear
Regulatory Commission. Readily available.

Regulatory Guide 128, Rev. 3.1985. Quality Assurance Program Requirements (Design and
Construction). Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 1.29, Rev. 3.1978. Seismic Design Classification. Washington, D.C.: U.S.
Nuclear Regulatory Commission. Readily available.

Regulatory Guide 1.32, Rev. 2. 1977. Criteriafor Safety-Related Electric Power Systemsfor
Nuclear Power Plants. Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily
available.

Regulatory Guide 1.52, Rev. 2. 1978. Design, Testing, and Maintenance Criteriafor
Postaccident Engineered-Safety-Feature Atmosphere Cleanup System Air Filtration and
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Adsorption Units oftight-Water-Cooled Nuclear Power Plants. Washington, D.C.: U.S.
Nuclear Regulatory Commission. Readily available.

Regulatory Guide 1.59, Rev. 2. 1977. Design Basis Floodsfor Nuclear Power Plants.
Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 1.61. 1973. Damping Valuesfor Seismic Design of Nuclear Power Plants.
Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 1.62, Rev. 0. 1973. Manual Initiation of ProtectiveActions. Washington,
D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 1.69, Rev. 0. 1973. Concrete Radiation Shieldsfor Nuclear Power Plants.
Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 1.71, Rev. 0. 1973. Welder Qualifcationfor Areas ofLimited Accessibility.
Washington, D.C.: U.S. Nuclear Regulatory Commission. TIC: 4561.

Regulatory Guide 1.75, Rev. 2. 1978. Physical Independence of Electric Systems. Washington,
D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 1.76, Rev. 0. 1974. Design Basis Tornadofor Nuclear Power Plants.
Washington, D.C.: U.S. Atomic Energy Commission. TIC: 2717.

Regulatory Guide 1.91, Rev. 1. 1978. Evaluations of Explosions Postulated to Occur on
Transportation Routes Near Nuclear Power Plants. Washington, D.C.: U.S. Nuclear
Regulatory Commission. Readily available.

Regulatory Guide 1.92, Rev. 1. 1976. Combining Modal Responses and Spatial Components in
Seismic Response Analysis. Washington, D.C.: U.S. Nuclear Regulatory Commission.
TIC: 2775.

Regulatory Guide 1.102, Rev. 1. 1976. Flood Protectionfor Nuclear Power Plants.
Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 1. 109, Rev. 1. 1977. Calculation ofAnnual Doses to Man from Routine
Releases of Reactor Effluents for the Purpose of Evaluating Compliance with 10 CFR Part 50.
Appendix L Washington, D.C.: U.S. Nuclear Regulatory Commission.
ACC: NNA.19870806.0032.

Regulatory Guide 1.1 11, Rev. 1. 1977. Methods for Estimating Atmospheric Transport and.
Dispersion of Gaseous Effluents in Routine Releases from Light-Water-Cooled Reactors.
Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 1.117, Rev. 1. 1978. Tornado Design Classification. Washington, D.C.: U.S.
Nuclear Regulatory Commission. Readily available.
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Regulatory Guide 1.118, Rev. 3. 1995. Periodic Testing ofElectric Power and Protection
Systems. Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 1.122, Rev. 1.1978. Development of Floor Design Response Spectrafor
Seismic Design of Floor-Supported Equipment or Components. [Washington, D.C.]: U.S.
Nuclear Regulatory Commission. TIC: 2787.

Regulatory Guide 1.140, Rev. 2. 2001. Design, Inspection, and Testing Criteriafor ir
Filtration and Adsorption Units of Normal Atmosphere Cleanup Systems in Light-Water-Cooled
Nuclear Power Plants. Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily
available.

Regulatory Guide 1.143, Rev. 2. 2001. Design Guidancefor Radioactive Waste Management
Systems, Structures, and Components Installed in Light-Water-Cooled Nuclear Power Plants.
Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 1.145, Rev. 1. 1982. Atmospheric Dispersion Models for Potential Accident
Consequence Assessments at Nuclear Power Plan4. Washington, D.C.: U.S. Nuclear
Regulatory Commission. Readily available.

Regulatory Guide 1.165. 1997. Identification and Characterization of Seismic Sources and
Determination of Safe Shutdown Earthquake Ground Motion. Washington, D.C.: U.S. Nuclear
Regulatory Commission. Readily available.

Regulatory Guide 1.180. 2000. Guidelinesfor Evaluating Electromagnetic And Radio-
FrequencyInteiference in Safety-Related Instrumentation and Control Systems Washington,
D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 1.189. 2001. Fire Protection for Operating Nuclear Power Plants.
Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 3.18. 1974. Confinement Barrers and ystemsfor Fuel Reprocessing Plants.
Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 3.28. 1975. Welder Qualification for Welding in Areas of Limited
Accessibility in Fuel Reprocessing Plants and in Plutonium Processing and Fuel Fabrication
Plants. Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 3.29, Rev. 0. 1975. Preheat and Interpass Temperature Controlfor the
Welding of Low-Alloy Steelfor Use in Fuel Reprocessing Plants and in Plutonium Processing
and Fuel Fabrication Plants. Washington, D.C.: U.S. Nuclear Regulatory Commission.
TIC: 4586.

Regulatory Guide 3.32, Rev. 0. 1975. General Design Guidefor Ventilation Systems for Fuel
Reprocessing Plants. Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily
available.
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Regulatory Guide 3.48, Rev. 1. 1989. Standard Format and Content for the Safety Analysis
Reportfor an Independent Spent Fuel Storage Installation or Monitored Retrievable Storage
Installation (Dry Storage). Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily
available.

Regulatory Guide 3.49. 1981. Design of an Independent Spent Fuel Storage Installation (Water-
Basin Type). Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 3.60, Rev. 0. 1987. Design of an Independent Spent Fuel Storage Installation
(Dry Storage). Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 3.71. 1998. Nuclear Criticality Safety Standards for Fuels and Material
Facilities. Washington, D.C.: US. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 4.1, Rev. 1. 1975. Programsfor Monitoring Radioactivity in the Environs of
Nuclear Power Plants. Washington, D.C.: U.S. Nuclear Regulatory Commission. TIC: 3698.

Regulatory Guide 5.7, Rev. 1. 1980. Entry/Exit Controlfor Protected Areas, Vital Areas, and
Material Access Areas. Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily
available.

Regulatory Guide 5.12. 1973. General Use of Locks in the Protection and Control of Facilities
and Special Nuclear Materials. Washington, D.C.: U.S. Nuclear Regulatory Commission.
Readily available.

Regulatory Guide 5.44, Rev. 03. 1997. Perimeter Intrusion Alarm Systems. Washington, D.C.:
U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 5.65. 1986. Vital Area Access Controls, Protection ofPhysica Security
Equipment, and Key and Lock Controls. Washington, D.C.: U.S. Nuclear Regulatory
Commission. Readily available.

Regulatory Guide 8.5, Rev. 1. 1981. Criticality and Other Interior Evacuation Signals.
Washington, D.C.: U.S. Nuclear Regulatory Commission. TIC: 238353.

Regulatory Guide 8.8, Rev. 3. 1978. Information Relevant to Ensuring that Occupational
Radiation Exposures at Nuclear Power Stations Will be as Low as is Reasonably Achievable.
Washington, D.C.: U.S. Nuclear Regulatory Commission. Readily available.

Regulatory Guide 8.10, Rev. -R. 1977. Operating Philosophyfor Maintaining Occupational
Radiation Exposures as Low as is ReasonablyAchievable. Washington, D.C.: U.S. Nuclear
Regulatory Commission. Readily available.

Regulatory Guide 8.25, Rev.1. 1992. Air Sampling in the Worplace. Washington, D.C.: U.S.
Nuclear Regulatory Commission. TIC: 238394.
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Regulatory Guide 8.34, Rev. 0. 1992. Monitoring Criteria and Methods to Calculate
Occupational Radiation Doses. Washington, D.C.: U.S. Nuclear Regulatory Commission.
Readily available.

Regulatory Guide 8.38, Rev. O. 1993. Control ofAccess to High and Very High Radiation Areas
in Nuclear Power Plants. Washington, D.C.: U.S. Nuclear Regulatory Commission.
TIC: 238387.

Safe Drinking Water Act. 42 U.S.C. 300fet seq. Readily available.

SMACNA (Sheet Metal and Air Conditioning Contractors National Association) 1985. HVAC
Air Duct Leakage Test Manual. 1st Edition. Chantilly, Virginia: Sheet Metal and Air
Conditioning Contractors National Association. TIC: 232334.

SMACNA (Sheet Metal and Air Conditioning Contractors' National Association) 1995. HVAC
Duct Construction Standards Metal and Flexible. 2nd Edition. Chantilly, Virginia: Sheet Metal
and Air Conditioning ContractorNational Association. TIC: 232331.

Telecommunication Industry Association. Telecommunications Building Wiring Standards, A
Global Compilation. Englewood, Colorado: Global Engineering Documents. TIC: 253452.

UL 437.2000. Standardfor Key Locks. Northbrook, Illinois: Underwriters Laboratories.
TIC: 252749.

UL 768. 1999. Standardfor Combination Locks. Northbrook, Illinois: Underwriters
Laboratories. TIC: 252751.

7.3 SOURCE DATA, LISTED BY DATA TRACKING NUMBER

LBO302DSCPTHCSOO2. Drift-Scale Coupled Processes (THC Seepage Model): Data
Summary. Submittal date: 02/11/2003.

MO0004R1B00045.001. Precipitation Characteristicsfor Storm Water Management. Submittal
date: 04/04/2000.

MO0007SEPPRECP.000. 60-Minute Precipitation Totalsfor Return Periods ofSO and 100
years. Submittal date: 07/05/2000.

MOO 106SEPSGPCM.001. Storage Gauge Precipitation Measurements, Yucca Mountain
1995-2000. Submittal date: .06/15/2001.

MO0209EBSPMFSD.029. Probable Maximum Food Study Data. Submittal date- 09/18/2002.

MO0209SDARS104.000. Seismic Design Acceleration Response Spectra for the Repository
Level at 5X10-4 Annual Exceedance Frequency. Submittal date: 09/25/2002.

MO021OSDSTMHIS.001. Seismic Design Spectra and Acceleration, velocity and displacement
timehistoriesforSxIO-4AnnualExceedanceFrequency. Submittaldate: 10/14/2002.
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M0021 ITMHJS104.002. Acceleration, Velocity, and Displacement 27meHistoriesforthe
Repository Level at 5X1O-4 Annual Exceedance Frequency. Submittal date: 11/14t2002.

M002 12DSRKSNOW.000. Climatological Snow Data for Desert Rock WMSO, Nevada,
1984-2001. Submittal date: 12/03/2002.

M00212MXI SWSPD.000. Monthly Maximum One-Second Wind Speedfor Yucca Mountain
Sites 1-9, 1998-2000. Submittal date: 12/09/2002.

M00212MXHRPRCP.000. Monthly Maximum Hourly Precipitation for Yucca Mountain Sites
1-9, 1998-2000. Submittal date: 12109/2002.

MO0212RHS18600.000. Monthly Mean Relative Humidity at 0400,1000, 1600 and 2200 PST
at Site 1, Yucca Mountain, Nevada, from 1986 through 2000. Submittal date: 12/17/2002.

MO0212YMTEMEX.000. Summary of Ambient Temperature Extremes at Yucca Mountain
from 1986 through 2000. Submittal date: 12(12/2002.

M0021 1HISTMPEX.000. Summary of Ambient Temperature Extremes at Amargose farms,
Beatty, and Desert Rock WSMO, Nevada. Submittal date: 11/13/2002.

LL020805523125.002. Experimental Studies of Cement Grout-Water Chemical Interaction.
Submittal date: 08128/02

M0981 IDEDCRMCR.000. Data Reported in the Engineering Design Climatology and
Regional Meteorology Conditions Report. Submittal date: 11/12/98.

M099O3CLIMATOL.001. Climatalogical Tables from 1986-1997 Meteorological Data from
Site 1 through Site 9 EFPD Meteorological Sites. Submittal date: 03/23/1999.
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APPENDIX A

LIST OF REGULATORY GUIDES AND DOE ORDERS

Project Design Criteria Document 283
PmCofimI

March 2003



000-3DR-MGRO-00100-000-001

INTENTlONALLY LEFT BLANK

Project Design Criteria Document
MCnctol-fiw

284 March 2003



O0O-3DR-MGRO-00100-O0-O1

APPENDIX A

LIST OF REGULATORY GUIDES

Conformance
Conformance with Exceptions
(To be added (To be added

Regulatory Guide No. Til.e later) latr)
Regulatory Guide 1.8. Quefrdicafon and Training of Personnel fhr
Rev. 3.2000 Nuclear Power Plants .
Regulatory Guide 1.12, Nuclear Power Plant Instrumentatiorl for
Rev. 2.1997 Earthquakes
Regulatory Guide 1.13. Spent Fuel Storage facilt Design Basis
Rev. 1. 1975

Measuring, Evaluating, and Reporting
Re Guide 1.21 Radioacilty h Sold Wastes and Releases ofRegulatry G Radioactive Materals In'Liquid and Gaseous

Rev. 1.1974 Effluents from Light-Water-Cooled Nuclear
Power Plants

Regulatory Guide 123, Onslhe Meteorological Programs
Rev. 0. 1972

Assumptions Used for Evaluating the Potential
Radiological Consequences of a Fuel HandlnRegulatory Guide 125, Accident In the Fuel Handing and Storage

Rev. 0.1972 Facility for Boiling and Pressurized Water
Reactors

Regulatory Guide 1.28, Ouality Assurance Program Requirements
Rev. 3. 1985 (Desion and Construction)
Regulatory Guide 1.29, Seismic Design Classffication. Washngton,
Rev. 3.1978 D.C.: U.S. NudearRegulatory Commission
Regulatory Guide 1.32. Cdtera for SafetReflated Electric Power
Rev. 2. 177 Systems for Nudear Power Plants

Design, Testing, and Maintenance Criteria for
Regulatory Guide 1.52. Postaccident Engineered-Safe4y-Feature
Rev.ia~oy 2 Gulde 1.52, Atmosphere Cleanup System Air Fitration and
Rev. 2. 1978 Adsorptlon Units of LIght-Water-Cooled Nuclear

Power Plants
Regulatory Guide 1.59, Design Basis Foods for NuclearPower Plants
Rev.2. 1977
Regulatory Guide 1.61. Damping Values for Seismic Design of Nuclear
1973 Power Plants
Regulatory Guide 1.62, Manual Initiation of Prtective Actions
Rev. 0.1973
Regulatory Guide 1.69, Concrete Radiation Shields Ibr Nudear Power
Rev. 0. 1973 Plants
Regulatory Guide 1.71, Welder Qualification forAreas of Umited
1973 Accessibirity 
Regulatory Guide 1.75, Physical independence of Electric Systems
Rev. 2. 1978
Regulatory Guide 1.76, Design Basis Tornado for Nuclear Power Plants
Rev. 0. 1974 _
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APPENDIX A

LIST OF REGULATORY GUIDES (Continued)

Conformance
Conformance with Exceptions
(To be added (To be added

Regulatory Guide No. Titb later) later)
Evaluations of Eplosions Postulated to Occuron

Regulatory Guide . Transportation Routes Near NuclearPower
Rev. 1. 1978 Plants

Regulatory Guide 1.92. Combining Modal Responses and Spatial
Rev. 1. 1976 Components In Seismic Response Analysis
Regulatory Guide 1.102, Flood Proection for Nuclear Power Piants
Rev. 1. 1976

Calcilatvon of Annual Doses to Man m
Regulatory Guide 1.109. Routine Releases of Reactor Effluents for the
Rev 1. 177 Purpose of Evaluaing Compliance ith 10 CFR

Part 60,. Appendix I
Regulatory Guide 111I Methods for Estimating Anospheric Transport

and Dispersion of Gaseous Effluents In Routine
Rev. 1. 177 Releases rom Lht-Water-Cooled Reactors

Regulatory Guide 1.117, Tomado Design Cjassffication
Rev. 1. 1978
Regulatory Guide 1 .118, Perlodic Testing of Electrc Power end Protection
Rev. 3.1995 systems
Regulatory Guide 122. Development of Floor Design Response Spectra
Rev.i-iol Guide 1.122, for SeismIc Design of Flbor-Supported

Rev. 1.1978 Eendpment or Cornponents I
Design, hIspection, and Testing Crieris forAlr

Regulatory Guide 1.140, FItrion end Adsorption Units of Normal
Rev. 2.2001 Atosphere Cleanup Systems hi Light-Water-

Cooled Nuclear Power Plants
Design Guldance for Radioactive Waste

Regulatory Guide 1.143, Management Systems, Stnzxtures, end
Rev. 2.2001 Components Installed hI Light-Water-Cooed

Nuclear Power Plants
Regulatory Guide 1.145, Atmospheric Dispersion Models for Potential
Revultor Guide 1.145, AccIdent Consequence Assessments at Nuclear
Rev 1. 1982 PowerPlants

Regulat Guide 1165. Identification and Characterization of Seismic
Reguato y .1. Sources and Determination of Safe Shutdown

Earthquake Ground Motion ___
Guidelines for Evaluating Electromagnetic andRegulatoy Guide 1.180, Rado-Frequency nterference in Safety-Related

2000. Instrumentatfon and Control Systems.

Regulatory Guide 1.189, Flre Protection for Operating Nuclear Power
2001 Plants
Regulatory Guide 3.18, Confinement Barers and Systems for Fuel
1974 Reprocessing Plants

Welder Quallicatin for Welding hi Areas of
Regulatory Guide 3.28, Lkmfted AccessibIlty hi Fuel Reprocessing Plants
1975 end in Plutonium Processing end Fuel

Fabrication Plants .
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APPENDIX A

LIST OF REGULATORY GUIDES (Continued)

Conformance
Conformance with Exceptons
(To be added (To be added

Regulatory Guide No. Ttte later) later)
Preheat and Interpass Temperature Control Ibr

Regulatory Guide 3.29, the Welding of LowAoy Steel for Use hI Fuel
Rev. 0. 1975 Reprocessing Plants and In Plutonium

Processing and Fuel Febrication Plants
Regulatory Guide 3.32, General Design Guide for Ventlatbon Systems for
Rev. 0. 1975 Fuel Reprocessing Plants

Standard Format end Content for the Safety
Regulatoty Guide 3.48, Analysis Report for an Independent Spent Fuel
Rev. 1. 1989 Storage Installatlon or Mntored Rtrevable

._________ _ Storage Installation (Dry Storage)
Regulatory Guide 3A9. Design Of an Independent Spent Fuel Storage
1981 nstallaton (Water-Basin Type)
Regulatory Guide 3.60. Design of an Independent Spent Fuel Storage
Rev. 0. 1987 Installaon (Dry Storage)
Regulatory Guide 3.71, Nuclear Criticality Safety Standards for Fuels and
1998 Material Facities
Regulatory Guide 4.1. Programs for Monitoring RadioecolWty In the
Rev. 1.1975 Environs of NuclearPower Plants
Regulatory Guide 5.7. Entyidt Control for Protected Areas, Vtal
Rev. 1. 1980 Areas end MaterialAccess Areas

General Use of Locks In the Protection and
Regulatory Guide 5.12, Control of Faciliies and Special Nuclear
1973 Materials
Regulatory Guide 5.44, Perimeter ntuson Alarm Systems
Rev: 03.1997
Regulatory GuIde 5.65, Vital Area Access Controls. Protection of
Reg8atWY U . Fhysical Security Equlpment and Key and Lock

Regulatory Guide 8.5. Crtficalty and Other nteror Evacuation Signals
Rev. 1. 1981

Infonatibon Relevant to Ensuring Vat
Regulatory Guide 8.8. Occupaiffonal Radation Exposures at Nuclear
Rev. 3. 1978 Power Stations Wff be as Low as Is Reasonably

Achievable
Regulatory Guide 8.10. Operating Philosophy for Maintaining
Regu rY i . Occupational Radiation Exposures as Low as Is
Rev._14___1977 Reasonably Achievable

Regulatory Guide 8.25, Afr Sampling hI the Workplace
Rev. 1. 1992
Regulatory Guide 8.34, Monitoring Crteria and Methods to Calculate
Rev. 0. 1992 Occupational Radiation Doses
Regulatory Guide 8.38. Control of Access to High and Very High
Rev. 0. 1993 Radiation Areas In Nuclear Power Plants
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APPENDIX A (Continued)

DOE ORDERS

Conformance
DOE Order No Tle Conformance with Exceptions*

Inplementation Guide for Use wih DOE Orders
DOE G 440.1-,1995 420.1 and 440.1 Fire SafetvPrpgram

Ciilan Radioactive Waste Management
DOE HO 0250.1, 198 Factities - Exemptin from Departmental

Directives
DOE 0 252.1,1999 Technical Standards Program
DOE Order 420.1, Fsclt S afety
Change 3.2000 .
DOE 0 4302A, 2002 Departmental Energy and Lfdlltles Management

Assignment of Responsibilities for Execuve
DOE N 450.4,2001 Order 13148, Greening t Government Throwgh

Leadership In Environmental Management
DOE Std 120,2002 Natural Phenomena Hazards Design and

DO 020, 2002 Evaluathon Criteria for DOE FeclUies
Nonreactor Nuclear Safety Destgn Criteria and

DOE G 420.1-1, 2000 els*osives Safety Criteria Guide fr Use with
DOEO 420.1 FecIlity Safety

DOE Order 5400.1 General Environmental Protection Program
Change 1. 1990

O 440.A 1998. nWorker Protection Management for DOE Federal
DOE OI.19. and Contractor Employees.______ ______

DOE-STD-1090-99 Hong and Rigging .
DOE-STD-1066-99 Fire Protection Design Criteria
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APPENDIX B

TECHNICAL POSITIONS FOR NON-USE OF YMRP CODES AND STANDARDS
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APPENDIX B

TECHNICAL Posmrid4S FOR NON-USE OF YMRP CODES AND STANDARDS

1. ACI 359 1992, Code for Concrete Reactor Vessels and Containment

To be developed in a future revision

2. ANSI-6.1.1-1991, American National Standard for Neutron and Gamma-Ray Fluence -
to-Dose Factors

To be developed in a fiture revision

3. ANSI-15.17, 1981, Fire Protection Program Criteria for Research Reactors

To be developed in a future revision
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