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1 INTRODUCTION

1.1 SCOPE 

Under the Nuclear Waste Policy Act as amended (NWPA, 1987), the Nuclear Regulatory 
Commission (NRC) is required to promulgate technical requirements and criteria to be applied 
in the licensing of activities related to a geologic repository. While the repository licensing 
reviews will encompass a range of statutory concerns - including protection of the environment 
and the common defense and security - the technical requirements and criteria addressed by the 
NWPA are directed specifically at the protection of the health and safety of the public. The 
requirements and criteria must address these concerns during operations and for an extended 
period after repository closure.  

This functional analysis is designed to identify those functions that either may give rise 
to or may satisfy the technical requirements and criteria that the Commission may appropriately 
apply in its protection of public health and safety. While in this analysis such functions are 
generally limited to activities at the repository site, certain functions (e.g., waste preparation and 
quality assurance) may be considered no matter where they may be performed, so long as their 
performance may affect the protection of health and safety in connection with the repository.  

This functional analysis is the product of the first of three related tasks - the Repository 
Functional Analysis (RFA), the Repository Operational Criteria (ROC) feasibility study and the 
Repository Isolation Criteria (RIC) study. The results of the functional analysis provide a 
baseline for the identification of repository system functions, constraints, and generic system 
elements important to safety, and the correlation of those items with 10 CFR Part 60 and 
associated applicable regulations. That correlation analysis identifies functions, constraints, and 
generic system elements whose regulatory treatment may be incomplete or missing. That 
information, in turn, indicates related areas in need of examination in the ROC and RIC studies.  
Those studies are intended to provide the basis for the identification of any potential regulatory 
uncertainties of omission and the subsequent development of potential additional regulatory 
guidance.  

Thus, the RFA provides a necessary datum for the completion of the regulatory 
uncertainty analysis of 10 CFR Part 60. Consistent with the need to focus on functions, 
constraints and generic system elements of the repository system that are important to safety and 
isolation, and as prescribed in the Procedure for High-Level Waste Management System 
Functional Analysis, section 4.1 (CNWRA, 1991), this analysis is limited to the physical 
repository system; i.e., the functions related to operational safety and isolation that are to be 
performed by the site, facilities, equipment, software, personnel and procedures that make up 
that physical disposal system. Consequently, it does not consider functions of, for example, site 
characterization, design, licensing or construction. These are functions of the program that will 
create that system. Selected program (or *programmatic') functions of the Nuclear Regulatory 
Commission (NRC) and/or the Department of Energy (DOE) may be the subject of a separate 
study.
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As explained in section 3.3.3.2, the depth of this analysis was limited to the lowest level 
at which the NRC would be expected to provide formal regulatory guidance to the applicant on 
items important to safety and isolation. This is seen as the lowest level appropriate for an 
analysis intended to serve primarily as a tool in the identification of uncertainties of omission 
in the applicable regulation. It should be noted that, as would be expected, this level is well 
above the level to which the DOE is known to be developing their physical system functional 
analysis.  

In addition, the products of this analysis were limited to "generic* functions, constraints, 
and system elements; that is, those that are applicable to any site and that allow for any detailed 
design and operational approaches that would satisfactorily accomplish the mission of the 
disposal system. This limitation is consistent with the Commission policy regarding the generic 
nature of 10 CFR Part 60 - the regulation with which the product of this analysis is correlated.  

This report is being released ahead of the performance of the RIC study with the 
understanding that parts of the analysis related to postclosure may be modified as a result of that 
study.  

1.2 DEFINITIONS OF TERMS 

The following terms were used in the conduct of the Repository Functional Analysis.  

SYSTEM 

A system is a composite of elements that work together to accomplish a stated 
purpose. Elements may include personnel, processes and procedures, 
equipment, software, and facilities.  

PROGRAM 

A program is the set of activities and associated resources required to create a 
system that will satisfactorily accomplish the stated purpose. Depending on the 
nature of the system to be created, a program may include system engineering; 
research and investigation (e.g., to define the system operating environment and 
the constraints imposed on the system by that environment); design and 
development, often including the construction and test of a prototype of the 
system or a significant part of the system; creation of the deliverable physical 
system (which may include facility construction, equipment fabrication and 
assembly, preparation of system software and operational procedures, and 
training of operating personnel); and verification of the ability of the physical 
system to satisfactorily accomplish the stated purpose.  

2
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SYSTEM MISSION

The system mission is the purpose of the system; that is, the specific end 
objective(s) the system is intended to accomplish.  

FUNCTIONAL ANALYSIS 

Functional analysis is the systematic top-down decomposition of the system 
mission into its mission-dependent functions. The system mission is first broken 
down into the primary functions required for its accomplishment. Then, working 
one level at a time, each function is analyzed to identify the subfunctions 
required for its accomplishment. In addition to the actions required of the 
individual functions, this analysis identifies, as applicable, the sequences of those 
actions.  

PARENT FUNCTION 

The function from which a set of subfunctions is derived in the process of 
functional analysis; the function that is being decomposed at any one time during 
the conduct of functional analysis.  

FUNCTION (OR SUBFUNCTION) 

A function is an action that is necessary to accomplish the system mission. A 
function is performed by an element of the system and is one purpose for which 
that element is selected, designed, or trained. Functions may also relate to the 
properties and capabilities of the site, facilities, equipment, software, procedures, 
and personnel that are necessary for the accomplishment of the mission. In other 
words, system elements must, by selection or design, possess the capabilities to 
perform the functions required for the system mission.  

Subfunctions are identified by decomposition of a parent function in response to 
a standard question without consideration of other functions, location within the 
array of functions, relative importance, or other such factors.  

0 A subfunction is identified if (and only if) it is *necessary" for the 
accomplishment of the parent function.  

* The set of subfunctions for a given parent function is complete when 
all functions *sufficient* for the accomplishment of the parent 
function have been identified.  

3
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CONSTRAINT

A constraint is (i) a limitation on the performance of one or more functions, or 
(ii) a condition under which one or more functions must be performed, or (iii) 
a limitation or condition under which a generic system element must maintain its 
operational capabilities.  

GENERIC SYSTEM ELEMENT 

A generic system element is a constituent part of the physical system necessary 
to provide the ability to perform one or more functions under the applicable 
constraint(s) in any potential geologic setting and for any potential design.  
Generic system elements of the geologic repository are expected to include a 
geologic setting and operational facilities, equipment, software, procedures, and 
personnel. Generic system elements are not usually included in the body of a 
functional analysis. They are included in this analysis because of the frequency 
with which requirements of the NWPA and 10 CFR Part 60 are framed in terms 
of such system elements, and the consequent need for an understanding of the 
potential scope of the application of those requirements.  

DISPOSAL PACKAGE 

This term is borrowed from the NWPA [see 42 USCS 10101(10)] where it is 
defined as 'the primary container that holds, and is in contact with, solidified 
high-level radioactive waste, spent nuclear fuel, or other radioactive materials, 
and any overpacks that are emplaced at a repository.* In this analysis the term 
is used at all stages of the waste preparation and disposal process as a generic, 
design-independent name for the containment device(s) (and, as appropriate, 
overpack, packing, emplacement opening backfill or the like) to be used for the 
emplacement of the waste. This does not include a cask or similar temporary 
protective device that may be used exclusively during waste transport or waste 
transfer.  

TRANSPORT 

"Transport" is used exclusively in the context of transhipment of waste and other 
materials between major facilities by, for example, railcar or heavy truck; e.g., 
from a reactor to an Monitored Retrievable System (MRS) or from the West 
Valley Demonstration Project to a repository.  
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TRANSFER

"Transfer' is used exclusively in the context of movement of waste, disposal 
package components, assembled disposal packages and other materials within the 
confines of a given major facility that is attendant to the processes performed at 
that facility; e.g., at a repository, between receiving and a lag storage facility or 
from a lag storage facility to an emplacement location.  

ENGINEERED BARRIERS 

The NWPA defines this term as 'manmade components of a disposal system 
designed to prevent the release of radionuclides into the geologic medium 
involved. Such term includes the high-level radioactive waste form, high-level 
radioactive waste canisters, and other materials placed over and around such 
canisters." [42 USCS 10101(11)] 

FITNESS FOR DUTY 

This term is intended to relate to general health, emotional stability, problems 
related to drugs or alcohol, excessive mental stress or any similar problems that 
could impair the ability of personnel to function in a safe and satisfactory 
manner.  

SURFACE 

In this analysis, *surface" includes potential near-surface facilities and/or 
equipment such as bunkers, shallow underground facilities, foundations, and 
buried utility lines.  

1.3 PURPOSE OF THE REPORT 

This report presents the results of the functional analysis of the geologic repository 
element of the high-level radioactive waste management system. The preliminary results were 
one of the basic inputs to the ROC Feasibility Study. In addition, this report will serve as a 
primary input to the RIC Study.  

5
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2 BACKGROUND

2.1 PURPOSE OF THE ANALYSIS 

It is anticipated that the complete functional analysis for the entire high-level waste 
management system will be performed in as many as three parts encompassing each of the major 
segments of that system for which the NRC has licensing responsibilities: specifically, the 
geologic repository, an interim or long-term storage facility (e.g., the Monitored Retrievable 
Storage (MRS) facility) if approved by the Congress, and the transportation cask(s). This 
analysis of the geologic repository is the first of the three high-level waste management system 
functional analyses to be completed for the NRC.  

The functional analysis serves a variety of purposes in the licensing process including the 
following.  

* Identification of all functions, constraints, and generic system elements 
necessary for the accomplishment of the high-level waste management system 
mission. These provide a comprehensive basis for the identification of the subset 
of functions, constraints, and generic system elements that are related to 
radiological health and safety (i.e., those for which the NRC has regulatory 
responsibility). The functions and constraints so identified are referred to in this 
report as the repository "safety functions and constraints.' 

* Identification of safety functions and constraints with incomplete regulatory 
treatment. This is accomplished through the correlation of the safety functions 
and constraints with existing applicable regulations. These functions and 
constraints with their associated regulatory criteria are the subject of additional 
studies with the potential for the development of additional regulatory criteria or 
guidance. It should be noted that the same correlation has been performed for 
generic system elements related to radiological health and safety. The resulting 
list is helpful in this study and a variety of other studies. However, it is 
recognized that regulatory interest is focused primarily on complete treatment of 
functions and constraints with no need for complete recognition of safety-related 
system elements in Part 60. For that reason, the emphasis throughout this report 
is on "safety functions and constraints'.  

* Establishment of a comprehensive functional foundation to support the 
development of new rules or major revisions to existing rules.  

6
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Fulfillment of these purposes supports the regulatory strategy and an Overall Review 
Strategy (ORS). Establishment of Compliance Determination Strategies (CDS) will bound the 
development of the Compliance Determination Methods (CDM) for each Regulatory 
Requirement which will be used in formuation of the License Application Review Plan (LARP) 
to guide the NRC staff when reviewing the DOE License Application.  

It should be noted that the scopes of both the NWPA and 10 CFR Part 60 extend beyond 
purely functional subjects to include repository constraints and generic system elements.  
Consequently, in order to provide a complete basis for the purposes stated above, it was 
necessary to extend the Repository Functional Analysis in the same manner. This is a necessary 
step in the conventional system engineering process of allocating functions to system elements 
and developing system design criteria, and it does not in any way compromise the validity of 
this analysis.  

2.2 RELATIONSHIP TO SYSTEMATIC REGULATORY ANALYSIS 

SRA is the process that assesses the statutory and regulatory responsibilities of the NRC 
in a comprehensive, structured manner. SRA begins with the identification of statutory and 
regulatory requirements relevant to the high-level radioactive waste management system. The 
SRA proceeds through the identification and evaluation of uncertainties that may be associated 
with the requirements, and the development of methods for reducing such uncertainties. The 
strategies and methods for assessing compliance with the requirements, and the technical 
evidence required for those assessments also are identified as part of the SRA. Additional NRC 
information requirements are defined as necessary for uncertainty reduction or as appropriate 
to the compliance determination strategies and methods.  

The most immediate of several applications of the results of the Repository Functional 
Analysis involved the identification of the subset of geologic repository functions, constraints 
and generic system elements that are related to radiological health and safety. The correlation 
of the safety functions and constraints with 10 CFR Part 60 provided a test of the completeness 
or *correlation" of the rule. (The processes used for identification and correlation are described 
in Section 4 of this report.) Safety functions and constraints incompletely treated or omitted in 
the rule were or will be the subject of additional analysis in the ROC and RIC studies with the 
potential to identify new uncertainties leading to rulemaking action or the development of 
2additional regulatory guidance.  

The ROC study is part of a potential rulemaking action announced in 55 FR 28771 of 
July 13, 1990. The preliminary results of the Repository Functional Analysis that related to the 
repository operational phase aided in the identification of operations activities, constraints, and 
generic system elements important to safety to receive attention in that study. This is discussed 
further in section 2.4. The full scope of the study is described in Section 3.6.4 of the CNWRA 
FY92-93 Operation's Plan for the Division of High-Level Waste Management.  

7
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A similar study has been completed on the mining regulations cited in 10 CFR 
60.131(b)(9). In this case, functions, constraints, and generic system elements associated with 
properties of the subsurface facility and those involving worker nonradiological safety were 
selected and correlated with the mining regulation (30 CFR Part 57) to identify those 
requirements applicable to the geologic repository.  

RIC is a study patterned after ROC that will be devoted to the postclosure phase of the 
geologic repository. The relationship of this functional analysis to the RIC study is discussed 
in section 2.5.  

Development of the functional analysis also provides key details to be considered in the 
preparation of regulatory guidance, including a comprehensive reference source for use in the 
definition and review of (i) the analytical results necessary to support a NRC determination of 
compliance (i.e., Technical Review Components) for inclusion in the Format and Content 
Regulatiory Guide, (ii) the development of Compliance Determination Methods for inclusion in 
the License Application Review Plan (LARP), and (iii) details for consideration in the definition 
of other elements of the regulatory program.  

2.3 RELATIONSHIP TO CNWRA 90-003 

.The Center report on regulatory and institutional uncertainties in 10 CFR Part 60 
(CNWRA, 1990) identified, described and categorized regulatory and institutional uncertainties 
present in the then current regulation. The study described in this report was conducted to 
identify additional regulatory uncertainties resulting from the omission or incomplete treatment 
in the regulation of functions, constraints and/or generic system elements that are related to 
radiological health and safety. Thus, the results of this study serve to augment those reported 
in CNWRA 90-003.  

2.4 RELATIONSHIP TO REPOSITORY OPERATIONAL CRITERIA FEASIBILITY 
STUDY 

The primary objective of the ROC feasibility study is to develop the basis for regulatory 
guidance related to the repository operations (preclosure) phase. The ROC study includes the 
definition of "ROC Topics". These "Topics" address two areas: (i) the requirements of groups 
of %non-functions" (e.g., definitions, siting criteria, environmental concerns) relative to the site 
characterization, construction, and operations phases as well as a "post-operations holding" 
period; and (Hi) the safety functions, constraints, and generic system elements associated with 
certain individual elements of the operational phase (e.g., principle activities, major facilities).  
The RFA and the identification of repository safety functions (reference section 4.1) provided 
a major part of the background used to (i) identify the safety functions associated with each ROC 
Topic and (ni) develop potential operational criteria for each ROC Topic.  

8

I I



2.5 RELATIONSHIP TO REPOSITORY ISOLATION CRITERIA STUDY 

The RIC study will complete the regulatory uncertainty analysis of 10 CFR Part 60 by 
examining the correlation between postclosure safety functions and constraints identified in this 
analysis and the current regulatory criteria. Where appropriate for the study and consistent with 
the functional analysis ground rules, those safety functions and constraints may be developed in 
greater detail. Wherever the regulatory treatment of a safety function or constraint is determined 
to be incomplete, a candidate regulatory uncertainty will be identified and investigated further.  
Isolation criteria will be postulated for each confirmed potential uncertainty. As in ROC, each 
such potential uncertainty and its associated postulated uncertainty reduction language will be 
reviewed and dispositioned by an NRC Uncertainty Reduction Task Team.
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3 FUNCTIONAL ANALYSIS

3.1 ANALYSIS REQUIREMENTS 

The statutory basis for the high-level waste management system, the nature of the 
applicable regulations, and the intended applications of the functional analysis all imposed certain 
requirements on the conduct of the analysis. These requirements may be summarized as follows.  

3.1.1 STATUTORY LIMITS 

Requirement: Defime repository functions, constraints and generic system 
elements within the limits of the statutory system requirements and 
properties.  

The Nuclear Waste Policy Act, the Atomic Energy Act, and the Energy 
Reorganization Act define the purpose of the high-level waste management 
system and the basis for the associated regulatory program. The applications of 
these requirements in the functional analysis are described in sections 3.2, 3.3.1 
and 3.3.2.  

3.1.2 REGULATION-INDEPENDENT ANALYSIS 

Requirement: Define the functions, constraints and generic system elements 
independent of pre-existing regulatory requirements.  

The avoidance of pre-existing regulatory requirements as a basis for the analysis 
has special significance in this study since a primary application of the results is 
to examine the completeness of 10 CFR Part 60. Consequently, the analysis 
could not be based on or be limited by that regulation.  

3.1.3 SITE- AND DESIGN-INDEPENDENT ANALYSIS 

Requirement: Avoid preconceptions by defining the functions, constraints 
and generic system elements In a manner that Is independent of site-specific 
conditions, or specific design approaches or solutions (e.g., a specific 
emplacement approach).  

10
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Since the regulations applicable to the high-level waste management system are 
generic in nature, the identified functions, constraints and generic system 
elements also must be applicable to any site and must allow for any design and 
operations approaches that contribute to the satisfactory accomplishment of the 
repository mission. This requirement was satisfied, in part, by defining the 
minimum number of requirements and/or properties for the system concept used 
in the analysis. This is discussed further in section 3.2.  

3.1.4 NONJUDGMENTAL ANALYSIS 

Requirement: Identify all functions, constraints and generic system elements 
necessary for the system mission free of overt or hidden judgments of their 
relative importance.  

It is essential that the functional analysis be performed in the most objective 
manner possible in order to avoid the introduction of biases that could distort the 
functional description of the system. One of the most common biases is 
preconceived ideas of relative importance, often to the extent of omitting 
functions, constraints or generic system elements that are perceived as 
"unimportant".  

The functional analysis was performed without consideration of the relative 
importance of the identified functions, constraints and generic system elements.  
The actual importance of the principal functions, constraints and generic system 
elements to safety and waste isolation will be established by subsequent analyses 
such as performance assessments and sensitivity studies.  

3.1.5 DISCIPLINED ANALYSIS 

Requirement: Implement a disciplined, top-down analytical method to 
Identify repository functions, constraints and generic system elements.  

A disciplined approach was required in the analysis to ensure (i) satisfaction of 
the preceding requirements and (Hi) complete and consistent development of the 
functions, constraints and generic system elements. This discipline was imposed 
by continual emphasis on a set of analysis control mechanisms including: 

* The use of standardized question(s) to elicit the desired responses 
from the technical contributors; 

* The use of a checklist of commonly occurring functions and 
constraints to further stimulate responses; 

11



0 Systematic top-down development of the functions with exhaustive 
analysis of each parent function before proceeding to the next; 

• Concentration on the standardized question(s) in the context of the 
subject parent function; 

* Development of process functions in their natural sequence; and 
necessary constraints and generic system elements based on the 
process functions; 

* Double-checking identified functions, constraints and generic system 
elements 'on the go" to ensure they were within the defined system 
limits, generic, free of site/design assumptions, clearly and 
completely described, and that the functional context was clear; 

* Reviewing, re-reviewing and independently reviewing the results of 
the analysis employing the same process used in the development of 
the analysis.  

This process is detailed in TOP-001-07 (CNWRA, November 13, 1991).  

3.2 STATUTORY BASIS FOR REPOSITORY CONCEPT 

Any functional analysis must employ some concept of the system being analyzed. This 
should, of course, be at the highest level possible in order to avoid preconceived specific design 
approaches. In the case of a high-level waste repository, it is sufficient to establish that the 
chosen system concept is a deep geologic repository rather than, say, sub-seabed disposal or 
deep space disposal. In this instance, the NWPA includes several specific requirements and 
properties for the repository system.  

The analysis requirements of section 3.1 are met, in part, by defining the minimum 
number of system-level requirements and/or properties within the statutory basis for the system 
concept used in the analysis. The system requirements and properties are intended solely to 
define the limits of the overall system concept for which functions are to be identified. For the 
geologic repository, these were limited to those provided in the NWPA.  

The NWPA statutory bases for the repository system concept are as follows.  

* "The term 'repository' means any system licensed by the Commission that is 
intended to be used for, or may be used for, the permanent deep geologic 
disposal of high-level radioactive waste and spent nuclear fuel.. Such term 
includes both surface and subsurface areas at which high-level radioactive waste 
and spent nuclear fuel handling activities are conducted.* [42 USCS 10101(18)] 
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0 "The term 'disposal' means the emplacement in a repository of high-level 
radioactive waste, spent nuclear fuel, or other highly radioactive material with 
no foreseeable intent of recovery, whether or not such emplacement permits the 
recovery of such waste." [42 USCS 10101(9)] 

• "..provide reasonable assurance that the public and the environment will be 
adequately protected from the hazards posed by high-level radioactive waste and 

spent nuclear fuel., disposed of in a repository." [42 USCS 10131(b)(1)] 

S ".. provide for the use of a system of multiple barriers in the design of the 
repository.." [42 USCS 10141(b)(1)(B)] 

* ".. prohibit the emplacement in the first repository of a quantity of spent fuel 
containing in excess of 70,000 metric tons of heavy metal or a quantity of 
solidified high-level radioactive waste resulting from the reprocessing of such a 
quantity of spent fuel.." [42 USCS 10134(d)] 

* "..repository.. shall be designed and constructed to permit the retrieval of any 
spent nuclear fuel., for any reason pertaining to the public health and safety, 
or the environment, or for.. recovery of the economically valuable contents of 

spent fuel." [42 USCS 10142] 

* Provide "interim storage" of spent fuel and/or "long-term storage" of HLW and 
spent fuel (e.g., MRS), as approved by Congress. [42 USCS 10155, 10156 and 
10161] 

• ". . federal government will., take title at the civilian nuclear power reactor 
site., of spent nuclear fuel.." [42 USCS 10156(a)(1)] 

3.3 CONDUCT OF THE REPOSITORY FUNCTIONAL ANALYSIS 

The repository functional analysis was accomplished in four steps: 

0 Definition of the mission of the high-level waste management system; 

• Derivation of the repository system concept from the highest-order requirements 
and properties contained in the applicable statutory bases; 

• Identification of the repository functions, constraints and generic system elements 
necessary and sufficient for the accomplishment of the system mission; 

* Grouping and, as appropriate, consolidation of the repository functions, 
constraints and generic system elements and construction of the Functions List.  
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These steps are described in detail in the sections that follow.

3.3.1 DEFINITION OF THE SYSTEM MISSION 

The NWPA was examined in depth to identify the primary objectives 
of the repository system; i.e., the key attributes of the repository 
mission. The objectives that appear repeatedly are "permanent 
disposal of high-level waste', "protection of public health and safety" 
and *protection of the environment'. These objectives are probably 
best stated together in 42 USCS 10131(a)(4) [Sec. 111(a)(4)]. An 
excerption from that section of the NWPA provides the following 
repository mission statement: 

Permanent Disposal of High-Level Radioactive Waste in Order to 
Protect the Public Health and Safety and the Environment.  

3.3.2 DEFINITION OF THE HIGHEST-ORDER SYSTEM 
REQUIREMENTS AND PROPERTIES 

The statutory system requirements and properties cited in section 3.2 
define the limits of the overall system concept for which functions 
are to be identified. The following repository system concept 
requirements and properties were derived from the statutory bases: 

* Disposal of high-level radioactive waste including spent 

fuel and defense wastes; 

* Disposal in a deep mined geologic repository; 

* Employ multiple barriers (including engineered barriers and 
the geologic setting) to ensure long-term postclosure 
containment and isolation from the environment; 

* Ensure public and worker health and safety and protection 
of the environment in accordance with technical 
requirements and criteria promulgated by the Nuclear 
Regulatory Commission and generally applicable standards 
for radioactivity promulgated by the Environmental 
Protection Agency; 

* Repository design and construction will permit the retrieval 
of spent fuel.  
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PERFORMANCE OF THE FUNCTIONAL ANALYSIS

3.3.3.1 Preparation of a functional analysis procedure 

The analysis began with the preparation of the procedure, 
"High-Level Waste Management System Functional Analysis%, to control the process, together 
with a Repository Functional Analysis Checklist. The checklist was designed to ensure that 
common functions, constraints and generic system elements were not overlooked and to help 
stimulate the thinking of the participating analysts.  

The procedure includes statements of the purpose and 
objectives of the functional analysis, and provides specific guidance and criteria for the analysts 
in the conduct of the analysis.  

The procedure also provides the rationale for the selection 
of the functional analysis technique used for this analysis. That rationale may be summarized 
as follows.  

The nuclear waste management system mission is 
accomplished by a basically serial process. In addition, the primary application of the functional 
analysis is in the analysis of applicable generic regulations. This application requires only the 
higher-order functions - a maximum of five levels deep.  

The "tree" technique is preferred for those systems 
characterized by a basically serial sequence of functions with alternative operating modes limited 
principally to contingency or emergency provisions. Because of its relatively economical 
development and presentation, this technique is also often used for the preliminary analysis of 
more complex systems or for the examination of only the higher-order functions of complex 
systems. The functions tree approach also provides the most visible traceability to the system 
mission and, as a result, clearly demonstrates the necessity of each function. Consequently, the 
NRC functional analysis needs for this system are readily satisfied by the development of a 
functions tree.  

The application of alternative functional analysis techniques 
is discussed further in section 4.1 of the procedure.  

The procedure also stresses that in the conduct of any system 
functional analysis, attention must be focused L on the generic functions of the physical 
system (i.e., a site, facilities, equipment, procedures, software, and personnel) that would 
perform the system mission. Activities such as prelicensing research, site characterization, 
design, licensing and construction are functions of the program whose purpose is to create the 
physical repository system. Programmatic functions may be the subject of a separate program 
functional analysis.  
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3.3.3.2 Identification offunctions, constraints and generic system 
elements 

The repository functional analysis was performed for those 
high-level waste management system processes that have the potential to be performed at the 
geologic repository site. This included operations related to preparation of the waste for 
disposal, but specifically excluded potential interim storage (e.g., MRS) and interfacility waste 
transportation. The analysis included the identification of (i) the generic repository functions 
necessary and sufficient for the accomplishment of the system mission within the limits of the 
statutory system requirements and properties, (ii) the constraints related to necessary processes, 
and (iii) the principal generic system elements (facilities, equipment, software, procedures, and 
personnel) necessary to perform the required functions under the applicable constraints.  

A systematic, top-down analysis was performed beginning 
with the highest repository function - the system mission defined in section 3.3.1. The analysis 
involved the decomposition of the mission into the primary functions necessary and sufficient 
for its accomplishment. Each function was subsequently systematically decomposed, in turn, 
into the subfunctions necessary and sufficient for its accomplishment independent of the 
development of other functions. As a result, near-identical functions may appear at more than 
one level and/or in more than one branch. Thus, the level and location of a function in the 
overall analysis has no significance relative to the importance or performance sensitivity of that 
function.  

The analysis was performed by groups of two to five 
CNWRA scientists and/or engineers selected for their knowledge and experience in the technical 
disciplines involved in the parent functions being addressed. The analysis was led by the 
CNWRA Manager, Waste Systems Engineering and Integration, who provided necessary training 
for the analysts and acted as a 'facilitator" in the conduct of the analysis.  

In the conduct of the analysis, strict adherence was 
maintained to the requirements of the functional analysis procedure including the distinction 
between system and program, and the use of the standardized questions and sequence of analysis; 
and to the requirements and ground rules of sections 3.1 and 3.3.2.  

The development of a branch of a functional analysis 
normally terminates naturally when it reaches the point at which an appropriate or meaningful 
function can no longer be identified without the assumption of an approach to satisfying the 
subject parent function (in this application, the assumption of a site-specific condition or 
property, a subsystem selection, or a design solution). This criterion for termination of a branch 
of the analysis is consistent with the generic nature of Part 60. Consequently, branches are 
terminated at the lowest level generic function definable; that is, at the lowest level that is not 
design- or site-specific. Because that is also the lowest level at which generic formal regulatory 
guidance can be provided, this criterion also includes the properties of the first criterion below.  
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In the Functions List (Attachment A), the application of this criterion is indicated by the symbol 
"#" following the description of the function, constraint or generic system element.  

Due to the regulatory application of this analysis, there were 
two additional criteria for truncating the development of a branch. First, a branch was 
developed only to the lowest level at which the NRC would be expected to provide formal 
regulatory guidance to the applicant. The "lowest level at which the NRC would be expected 
to provide formal regulatory guidance" is CNWRA judgment as to the lowest level at which 
NRC would be expected to provide guidance in the form of a Format and Content Regulatory 
Guide, License Application Review Plan (comparable to a reactor Standard Review Plan) or 
similar guidance. This is not intended to imply that these are the limits of the NRC program.  
In general, these are the lowest level at which specific information would be formally requested 
from the applicant (e.g., in a Format and Content Regulatory Guide), and one level below that 
at which an explicit generic rule (consistent with Part 60) would generally be considered 
appropriate. The application of this criterion in the analysis is noted by a "*" following the 
function, constraint or generic system element in Attachment A.  

Second, if none of the possible subfunctions were in any way 
important to radiological health or safety, the branch was terminated at that level. In Attachment 
A, the application of this criterion is identified by the symbol "***.  

Following the development of a subset of repository 
functions, the same process was applied to the identification of the key constraints applicable to 
those functions. As may be seen in Attachment A, the repository constraints primarily have to 
do with ensuring the ability to operate satisfactorily under adverse conditions, limiting adverse 
alterations of the geologic medium, limiting preclosure exposures, and limiting releases of 
radioactive and hazardous materials.  

Upon completion of the identification of subfunctions and 
constraints for a primary repository function, the associated repository generic system elements 
were defined (reference Attachment A).  

3.3.3.3 Review of the Functional Analysis Results 

During the conduct of the analysis, the results were 
subjected to a variety of cross checks, tests for completeness, and critiques to ensure that each 
function and its description fit within the minimum system requirements and properties defined 
in section 3.3.2 above, and that it was independent of site-specific conditions, design solutions 
and pre-existing regulatory criteria.  

Following completion of major sections of the analysis, a 
"test for completeness" was performed on the results. The test consisted of a limited review of 
available, related material; the identification of functions contained or implied in that material
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which might also be required by the high-level waste management system; and the consideration 
of those functions for inclusion in the subject analysis. Related material included: 

"* Basalt Waste Isolation Project (BWIP) System 
Functional Analysis Document, DOE-Richland SD
BWI-CR-023, March 20, 1987; 

"* Waste Management System Requirements 
Document, Volume IV MGDS, DOE OCRWM, 
March 1990; 

"* To the extent applicable, 10 CFR Part 50 and 10 
CFR Part 72.  

3.3.4 PREPARATION OF THE FUNCTIONS LIST 

The results of the repository functional analysis are presented in a 
"Functions List.* This list uses the conventional decimal numbering system and multiple 
indentations to clearly display the tree-like relationships of the parent functions and subfunctions.  

To aid the understanding and review of the results of the analysis and 
to maximize its value as a reference, the Functions List is organized in seven major sections 
corresponding to the seven primary functions of the physical waste management system. The 
analysis of the primary functions *Transport Waste Between Major Facilities" and "Store High
Level Waste* (e.g., in an MRS) were deferred as indicated in Section 3.3.3.2. The primary 
function "Plan Overall HLW Management Physical System Operations" was judged to be the 
lowest level of that branch for which the NRC would be expected to provide formal guidance.  
Consequently, for the reasons explained in Section 3.3.3.2, it was not developed further.  

The four remaining primary functions (with the numbers assigned to 
them in the analysis) are: 

2. Secure and Safeguard Radioactive Wastes 
5. Prepare Waste for Disposal 
6. Conduct Geologic Repository Waste Disposal Operations 
7. Contain and Isolate Radionuclides (Postclosure) 

Each of these sections of the Functions List is divided into three parts 
entitled 'Functions', "Constraints" and 'Generic System Elements'. Each of those parts 
contains a complete listing of the indicated product of the analysis for that primary function.  
Also included for each function, constraint, and generic system element are the assigned Safety 
Category, the primary and supporting citations from 10 CFR Part 60 (or appropriate regulation 
referenced therein), and the assigned Correlation Category. These items are described in Section 
4 of this report.  
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The three parts of these sections of the Functions List are structured 
as follows: 

0 Functions. This part includes operations planning and, as 
applicable, the functions of the basic waste disposal process 
such as "receive waste", "temporarily store waste', 
"transfer waste (intrafacility)", "package waste for 
disposal", "emplace waste disposal package', and "limit 
releases of radionuclides to the accessible environment".  

* Constraints. This part contains those results that represent 
(a) a limitation on the performance of one or more 
functions, or (b) a condition under which a function must 
be performed or (c) a limitation or condition under which 
a generic system element must maintain its operational 
capabilities. This includes items such as "ensure the 
stability of facilities", "ensure the ability to function under 
naturally induced conditions', and "limit personnel 
radiation exposure during waste disposal operations".  
Because most constraints apply across all or very large 
segments of the associated functions, the constraints 
applicable to each primary function have been consolidated 
in this part of each section. This consolidation eliminates 
lengthy repetitions of the same constraints in association 
with each major subfunction.  

* Generic System Elements. This part contains a list of 
generic repository elements that are necessary to provide 
the capability to perform the principal functions.  
Repository elements include the geologic setting, facilities 
and equipment (including non-waste handling facilities and 
equipment such as fire protection, labs, utilities, 
communication, etc.), software, procedures, and personnel.  

This organization provides at least two advantages over alternative 
presentations: (i) it keeps together the related functions, constraints and generic system elements 
within each major branch of the original analysis, and (ii) it keeps together the functions, 
constraints and generic system elements that are necessary at different stages of the waste 
management process. Thus, the highly visible traceability of the "tree" format is retained.  
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4 ANALYSIS OF 10 CFR PART 60

The analysis of 10 CFR Part 60 was conducted in four additional steps: 

* Development of criteria for *safety functions' and assignment of the criterion 
appropriate for each repository function, constraint and generic system element; 

* Development of "correlation criteria" together with the logic for the application 
of those criteria; 

0 Correlation with Part 60 of the functions, constraints and generic system 
elements related to safety or isolation, and assignment of the appropriate 
correlation criterion to each; 

* Independent review of the integrated results of the Repository Functional 
Analysis and the Part 60 Correlation Analysis.  

Each of these steps is described in greater detail in the sections that follow.  

4.1 IDENTIFICATION OF REPOSITORY "SAFETY FUNCTIONS" 

The first step in the conduct of the correlation analysis for Part 60 was the development 
of criteria for 'safety functions' and the identification of the functions, constraints and generic 
system elements that fit those criteria. "Safety functions' is a collective term for those 
functions, constraints, and generic system elements that have the potential to impact public or 
worker radiological health and safety.  

The following are the criteria used to identify and categorize safety functions.  

Safety_ Categoryi 

1 ISOLATION. Functions, constraints and generic system 
elements whose loss or significant degradation would di
rcl1i and adversely affect postclosure waste isolation; e.g., 
shorten or cause loss of postclosure containment; increase 
release rate to the geologic setting; increase, or reduce 
retardation of, radionuclide transport in the geologic 
setting.  
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2 PRECLOSURE CONTAINMENT. Functions, constraints 
and generic system elements important to safety; that is, 
whose loss or significant degradation would directly and 
adversely affect preclosure containment of high-level waste.  
This includes, for example, potential release-producing 
damage during waste handling including receipt, packaging, 
storage, intra-facility transfer, emplacement and retrieval; 
containment of radionuclides in, and control of releases 
from facilities in which waste is stored or handled; loss or 
significant degradatin of features designed to mitigate of the 
consequences of an accident or unsafe event.  

3 EXPOSURE. Functions, constraints and generic system 
elements whose loss or significant degradation would 
directly and adversely affect radiation exposures (radiation 
control); e.g., radiological surveys control of 
contamination; control of radiation exposures; control of 
secondary radioactive waste materials; control of access to 
radiation areas.  

4 SECONDARY EFFECT. Functions, constraints and 
generic system elements whose loss or significant 
degradation could indirectly (i.e., as a secondary effect) 
cause the loss of one or more functions important to 
isolation, radiological safety, or radiation control; e.g., 
radiological monitoring and alarm; inspection, testing and 
maintenance of facilities in which waste is stored or 
handled; some aspects of utilities, communications, fire 
control, mine safety, industrial safety, personnel training 
for radiological operations, procedures for radiological 
operations, and response to unsafe conditions.  

5 NONSAFETY. Functions, constraints and generic system 
elements necessary for the system mission, but with no 
potential impact (i.e., less-than-secondary effect) on 
isolation, radiological safety, or radiation control; e.g., 
maintenance facilities, nonradiological environmental 
protection, control of hazardous (nonradioactive) effluents; 
administration.  

It is important to recognize that these safety functions are not intended to measure the 
importance of a function, constraint, or generic system element; but only identify the general 
effect of its loss (or absence) or degradation.  
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It should be noted that in the Functions List (reference Attachment A) several of the 
generic system elements that are related to personnel and procedures are identified as important 
to radiological safety (Safety Category 2). The rationale is that (i) certain repository processes 
are important to radiological safety, and (ii) if the process is important to safety, the procedures 
that define and control the process and the personnel who carry out the procedures must also be 
important to safety. The conclusion is that certain processes, procedures and personnel may be 
equally as important to safety as certain structures, systems and components.  

Initially, functions involving the handling of waste disposal package components prior 
to their assembly were considered to be non-safety related (Safety Category 5). However, it was 
decided that hidden damage to these components due to mishandling could ultimately result in 
loss of preclosure containment or the premature loss of postclosure containment. Therefore, 
these functions were upgraded to Safety Category 4.  

4.2 CORRELATION OF SAFETY FUNCTIONS WITH 10 CFR PART 60 

The correlation of each safety function in Safety Categories 1 through 4 with 10 CFR 
Part 60 was performed by searching the regulation to find language that (i) explicitly identifies 
the requirement (need) for the subject function, constraint or generic system element for the 
repository system, (ii) explicitly recognizes the applicability of the function, constraint or generic 
system element to the repository system, or (iii) implies to a reasonable engineer or scientist that 
the function, constraint or generic system element is necessary for the repository system.  

In the latter case, the determination was made by asking, "Would a reasonable engineer 
or scientist interpret the language of the rule to include an implied requirement (need) for the 
subject function, constraint or generic system element." The reliance on an "implied 
requirement" is recognized in Attachment A by the symbol "@" following the Part 60 citation.  

The distinctions in the three types of correlation cited above may be clarified best by 
examples.  

0 Constraint 6.22 states "Maintain emplacement opening/location mechanical 
stability during repository operations." Section 60.133(e) clearly identifies the 
need for underground facility design for safe operations including reduction of 
"the potential for deleterious rock movement.." 30 CFR Part 57 identifies 
similar requirements from the perspective of conventional underground facility 
(mine) conditions (reference 10 CFR 60.131(b)(9)). These are seen as explicit 
recognition of the need for emplacement opening stability.  
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0 Function 6.6 is "Emplace waste disposal package in geologic repository." Part 
60 does not literally state, for example, that "the waste shall be emplaced.." 
However, Part 60 contains numerous statements such as ". . presence of 
emplaced radioactive waste . ." and ". . [high-level waste] received for 
emplacement.." Paragraph 60.21(b)(2) requires "Proposed schedules for..  
emplacement of wastes.." and paragraph 60.111(b) requires that the design .  
. preserve the option for waste retrieval throughout the period during which 
wastes are being emplaced.." Such statements are taken to provide ample 
recognition of the applicability of this function to the repository system.  

* Constraint 6.6 states "Maintain chemical and physical properties of emplacement 
opening backfill during repository operations (if used)." An explicit comparable 
requirement is not found in Part 60. However, 60.133(a) states that "..  

engineered barriers that are part of the underground facility shall contribute to 
the containment and isolation of radionuclides.*; 60.133(h) requires that 
"Engineered barriers shall be designed to assist., in meeting the performance 
objectives. .; and 60.133() indicates that the design must take into account the 
thermal and thermomechanical response of the host rock and groundwater 
system. The Center judgment is that this combination of requirements would be 
interpreted by a "reasonable engineer or scientist" to recognize a need for 
backfill chemical and physical stability (if emplacement opening backfill is used).  

There are many other cases in which the requirement, and consequently the correlation, 
is no more than inferential. An example of this condition involves 10 CFR 60.31(a)(6). Section 
60.31 is solely concerned with the determinations to be made by the Commission as grounds for 
construction authorization. It is, in other words, an example of NRC "self-regulation". The 
requirement of 60.31(a)(6) is that, as a condition for construction authorization, the Commission 
must find that DOE-proposed operating procedures in the license application are adequate. Yet 
60.21, which specifies the required content of the license application, does not require 
submission of proposed operating procedures. Thus, it is only by inference in an NRC self
regulation that one may determine that DOE must submit proposed repository operating 
procedures in the application for construction authorization. In this and similar instances, 
correlation was recorded with respect to the regulatory text containing the implied requirement.  
In such cases, the citation in the Functions List is followed by the symbol "@".  

When a correlation was found, the Part 60 requirement was identified as either "primary" 
or "supporting" according to the nature of the statement, and the citation of the requirement was 
entered in the appropriate column in the functional analysis (see Attachment A). In many cases, 
this distinction is admittedly tenuous.
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4.3 DEVELOPMENT AND APPLICATION OF PART 60 "CORRELATION 
CRITERIA" 

4.3.1 DEFINITION OF "CORRELATION CRITERIAN 

Two fundamental criteria were defined for the conduct of the Part 60 Correlation 
Analysis. The initial criterion considered the recognition in Part 60 of the need for each safety 
function. The understanding of the CNWRA is that the regulation (or its authorizing statute) 
must contain reasonable recognition, either explicit or implied, in order to provide a basis for 
subsequent regulatory guidance and enforcement. This is seen as the overriding requirement for 
the rule.  

The next criterion related to the presence in Part 60 of applicable regulatory 
criteria. "Criteria" is used here in its broadest sense which includes performance objectives as 
well as design and siting criteria. If potentially applicable regulatory criteria provide wide 
general guidance (e.g., most of 60.131), another 'reasonable engineer or scientist* test was 
applied to determine applicability of those criteria to the subject function, constraint or generic 
system element. In such a case the question was, "Would a reasonable engineer or scientist 
interpret the language of the Part 60 criteria to be applicable to the subject function, constraint 
or generic system element?' Again, reliance on that judgment is recognized in Attachment A 
by the symbol V@" following the Part 60 citation.  

The analysis reported here does not make a judgment as to the 'sufficiency' of 
the regulatory criteria; that is, whether the applicable criteria are sufficient to protect public 
health and safety in the context of the subject function, constraint or generic system element.  
That question is deferred to the ROC study for preclosure functions, constraints and generic 
system elements and to the RIC study for postclosure functions. As described in section 4.3.2, 
this analysis merely identifies for examination in those studies, areas where there is a question 
as to the completeness of the regulatory recognition or criteria.  

4.3.2 PERFORMANCE OF THE CORRELATION ANALYSIS 

The sections of Part 60 that were correlated with each safety function were 
analyzed for the extent of their explicit or implicit recognition of the subject safety function and 
the regulatory criteria provided. The analysis of the regulatory recognition and criteria was 
based on the question, 'Would a reasonable engineer or scientist interpret the language of the 
regulation to (i) recognize the need of the system for the subject function, constraint or generic 
system element, and (Hi) provide criteria for the subject function, constraint or generic system 
element that are applicable to the public health and safety." Based on that analysis, each safety 
function was assigned to the appropriate *correlation category'. The criteria for the Part 60 
Correlation Analysis and the logic for their application are displayed in Figure 1.  
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As seen by the leftmost path of Figure 1, if both the recognition and applicable 
criteria were judged to be present, the subject function, constraint or generic system element was 
assigned to Correlation Category 1.  

If recognition of the item was evident but criteria were not, another test was 
required. This test was based on the following rationale. Paragraphs 60.21(c)(2) and 
60.21(c)(3) require as part of the Safety Analysis Report (i) a description and discussion of the 
geologic repository operations area design and (ii) a description and analysis of the design and 
performance of structures, systems and components important to safety, respectively. These are 
the only SAR content requirements that have general application to the system design. It is 
important to also recognize that 10 CFR Part 50, Appendix B, includes procedures, instructions 
and processes within the scope of "design control. Thus, 60.21(c)(2) and (3) provide an avenue 
for preapplication review of any or all aspects of the system design and the provision of 
appropriate clarification or other regulatory guidance. As a result, in cases where there is 
recognition but applicable criteria may be incomplete or not in evidence, review of 60.21(c)(2) 
and 60.21(c)(3) design and performance descriptions prepared prior to license application was 
judged to provide a basis for guidance in the reactive program. Functions, constraints and 
generic system elements that follow this path were assigned to Correlation Category 2.  

Functions, constraints and generic system elements (i) that are recognized by Part 
60, (ii) for which criteria are incomplete or missing, and (iii) to which neither 60.21(c)(2) nor 
60.21(c)(3) apply, require at a minimum an examination of their regulatory treatment 
(specifically, in this case, the applicable criteria) in the ROC or RIC studies. Strengthening of 
those criteria may be necessary in order to provide a basis for guidance in the reactive program.  
In such cases, the subject function, constraint or generic system element was assigned to 
Correlation Category 3.  

The two remaining possible paths of the correlation analysis stem from an 
absence of regulatory recognition of the subject function, constraint or generic system element.  
In cases where general criteria of Part 60 were considered to be potentially applicable, 
Correlation Category 3 was assigned, indicating that regulatory recognition may need 
strengthening.  

Thus, the two possible paths to a Correlation Category 3 assignment indicate that 
the regulatory treatment of the safety function needs to be examined and possibly strengthened 
due to one of two conditions: 

0 Part 60 recognition (explicit or implicit) is evident, but applicable 
criteria (general and specific) are incomplete or missing; 

OR 
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0 Part 60 contains general criteria that would be considered to be 
applicable, but the safety function is not recognized in the regulation.  

In cases where neither recognition nor applicable criteria were to be found in Part 
60, the subject function, constraint or generic system element was assigned to Correlation 
Category 4. 6 

4.4 INTEGRATED REVIEW OF THE FUNCTIONAL ANALYSIS AND THE 
CORRELATION ANALYSIS 

The integrated results of the functional analysis and the Part 60 correlation analysis were 
examined by independent CNWRA reviewers to verify that the results were (i) complete, (Hi) 
correct, and (iii) clearly stated.  

Those who performed the review and verification of the functional analysis and 
correlation analysis were held to two qualification standards: (i) they possessed the capability 
in terms of training and experience to have conducted, or to have effectively contributed to the 
conduct of, the analyses whose results they were reviewing, and (Hi) they had not participated 
in the conduct of those particular analyses that were the subject of their review.  

The repository functions were reviewed for the following additional properties: 

* Adherence to the requirements of the ground rules described in sections 3.1 and 
3.3.2; 

* Independence from pre-existing regulatory criteria; 

* Generic functions; i.e., independent of site-specific conditions and free of 
design-specific assumptions or approaches; 

0 Appropriate consideration of the candidate functions provided in the checklist; 

0 Necessity for the reository; i.e., the operating preclosure and postclosure 
physical system that will perform the waste disposal mission (not for the 
program that will create or license that system); 

* Completeness to the level at which NRC would be expected to provide formal 
regulatory guidance.  

Specific correlation analysis features examined by reviewers included, but were not 
limited to: (i) comprehensive and clearly stated criteria for safety functions and correlation 
criteria, (ii) consistent application of the criteria for safety functions and correlation criteria, and 
(iii) complete and correct correlation of safety functions with 10 CFR Part 60 and assignment 
of correlation categories.  
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4.5 IDENTIFICATION OF SAFETY FUNCTIONS FOR FOLLOW-ON STUDIES 

Safety functions assigned to Correlation Category 1 or 2 are not of concern since these 
categories indicate that coverage is provided by 10 CFR Part 60. As a result, the only 
correlation categories of concern relative to potential regulatory uncertainties in Part 60 are 
categories 3 and 4. Again, these categories indicate that: 

Correlation The regulatory treatment (i.e., recognition OR criteria) of 
Category 3 the subject function, constraint or generic system element 

needs to be examined in the ROC or RIC study and may 
need to be strengthened to provide a basis for reactive 
program regulatory guidance.  

Correlation A regulatory basis (i.e., recognition ANM criteria) for the 
Category 4 subject function, constraint or generic system element is 

missing.  

Several observations were made as a result of the correlation analysis relative to 
functions, constraints and generic system elements assigned to Correlation Categories 3 and 4.  
These observations will be examined further in the ROC and RIC studies, first 'ith respect to 
criteria that define the 'level of regulatory concern"; i.e., the lowest level of system design or 
operational detail to which the NRC intends to provide guidance to the DOE. Some of the 
observations made in this analysis are at design and operations levels that are likely to be below 
the level of regulatory concern. Those items that are at or above that level are candidates for 
regulatory uncertainties. Subsequently, potential regulatory uncertainties related to the repository 
preclosure period will be analyzed and reported as part of the ROC study. The potential 
regulatory uncertainties associated with postclosure safety functions will be analyzed in a 
separate RIC report.  

The following general observation was made as a result of the Part 60 correlation 
analysis: 

S A number of crucial functions, constraints and generic system elements rely for 
their primary regulatory recognition and criteria on Appendix B of 10 CFR Part 
50. All but one of these were assigned to Correlation Categories I or 2 with the 
overwhelming majority assigned to 1. This judgment derives from the fact that 
a quality assurance program "based on the criteria of Appendix B of 10 CFR 
Part 50" is implemented for the repository program by 10 CFR 60.152. In 
addition, the scope of quality assurance and the applicability of the QA program 
are prescribed by 60.150 and 60.151, respectively.  
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Nonetheless, such reliance on the quality assurance regulation points up the 
continuing need for (i) staff familiarity with the specific requirements of Part 50, 
Appendix B and (ii) sensitivity in the reactive program to the character of the 
DOE implementation of those requirements.  

The following observations were made with respect to functions, constraints and generic 
system elements assigned to Correlation Category 3: 

0 The treatment of waste disposal package components (other than the waste form) 
prior to assembly into complete disposal packages is not explicitly recognized in 
Part 60. Certain existing general criteria would clearly be applicable to many 
functions, constraints and generic system elements related to disposal package 
components. However, there are also many functions, constraints and generic 
system elements for which the applicability and/or correlation of general criteria 
are questionable. All of these were assigned to category 3.  

* Regulatory criteria for the waste preparation (packaging) process were found to 
be incomplete. The safety functions have to do with (i) the physical handling of 
waste, disposal package components, and assembled waste disposal packages 
prior to and during the packaging process; and (ii) the repair, overpack, or 
repackaging of damaged waste disposal packages. The design criteria of 
60.135(a)(2) related to mechanical strength and mechanical stress were assumed 
to apply to the dynamic loading caused by such in-process handling. This 
assumption should be examined further as part of the ROC uncertainty analysis.  

* Paragraph 60.21(c)(12) recognizes the potential for retrieval and *alternate 
storage". However, the regulation does not provide criteria for the preparation 
of the waste for off-site shipment, if required.  

* The process of transfering waste intrafacility includes several functions that are 
essentially independent of the system design and, thus, not subject to review in 
accordance with 60.21(c)(2) or (3). No criteria are provided for these functions 
which include such activities as authorizing transfer, loading and off-loading the 
waste disposal package, and protecting it from physical damage. Essentially the 
same situation exists regarding waste to be removed (retrieved) from the 
underground facility, and waste (high-level or secondary) to be shipped off-site.  

0 Monitoring and warning for nonradiological hazardous conditions (e.g., 
nonradiological air contamination) that could impact safety are not recognized 
by the rule.  

* Backfill emplacement is widely recognized throughout the regulation. However, 
no criteria are provided, relative to either requirements or constraints on its 
performance.
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The following general subject areas are lacking both recognition and criteria in Part 60 
(i.e., have been assigned correlation category 4): 

0 Consolidation of spent fuel; 

* Waste disposal package repair or overpack; 

* Repair or replacement of secondary and/or high-level waste shipping cask; 

• Waste emplacement opening/location interface with emplacement equipment; 

* Relocation of waste within the underground facility; 

* Limiting secondary effects of industrial hazards that could adversely affect safety 
or isolation; 

* Delay of the onset of waste disposal package degradation (postclosure) through 
control of the disposal package condition when emplaced; 

* Limiting the quantity and rate of fluids contacting the waste form (postclosure).  
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NIGH-LEVEL RADIOACTIVE WASTE REPOSITORY FUNCTIONAL ANALYSIS

This attachment presents the results of the functional analysis of the geologic repository segment of the high-level waste 
management system. The analysis began with a statement of the system mission and progressed In accordance with CKWRA TOP-001-07, 
the procedure for Nigh-LeveL Waste Management System Functionat Analysis. The reader is referred to that procedure (or to 
section 1.2 of the body of this report) for definitions of terms used in this analysis. The criteria for the Safety Categories 
and the Correlation Categories shown to the right of the functions list are as follows.  

SAFETY CATEGORIES 

One of the following four safety categories Is assigned to each "item" of the functional analysis (i.e., each function, 
constraint and generic system element) whose toss or significant degradation would: 

I Directly and adversely affect postctosure waste isolation; e.g., shorten or cause Loss of postclosure containment; increase 
release rate to the geologic setting; increase, or reduce retardation of, radionuclide transport in the geologic setting.  

2 Directly and adversely affect preclosure radiological safety; e.g., potential release-producing damage during waste 
handling including receipt, packaging, storage, entra-facility transfer, relocation and retrieval; containment of 
radionuclides in, and control of releases from, facilities; mitigation of the consequences of an accident/event.  

3 Directly and adversely affect radiation exposures (radiation control); e.g., radiological monitoring and alarm; control 
of contamination; control of radiation exposures; control of secondary radioactive waste materials; control of access to 
radiation areas.  

4 Indirectly (i.e., as a secondary effect) cause the loss of one or more items Important to isolation, radiological safety, 
or radiation control; e.g., some aspects of fire control, mine safety, industrial safety, operating procedures and 
contingency planning.  

Category S ("Mon-Safety Functions") applies to those items necessary for the system mission, but with no potential impact on 
isolation, radiological safety, or radiation control; e.g., maintenance facilities, nonradiotogicat environmental protection, 
control of hazardous (nonradioactive) effluents; administration.  

CORRELATION CATEGORIES 

The degree to which 10 CFR Part 60 correlates with each function and constraint is indicated. The correlation is based on a 
determination of the extent to which the rule (1) recognizes the need for the function or constraint and (f1) provides criteria 
applicable to the function or constraint. The four correlation categories are defined as follows: 

1 Function, constraint or generic system element is fully covered.  

2 10 CFR Part 60 provides a basis for review and guidance in the reactive program.  

3 Regulatory treatment of function, constraint or generic system element may need to be strengthened to provide a basis for 
reactive program regulatory guidance.  

4 Regulatory basis for function, constraint or generic system element Is missing.  

SYMBOLOGY 

The appearance throughout this analysis of one of the following spirbots after an item or Part 60 citation indicates that: 

# It is the lowest level generic item definable, I.e., tower-level Items are design- or site-specific.  

* It is the lowest level item of that branch of the functional analysis for which the provision of formaL NRC regulatory 
guidance is expected.  

" None of the subfonctions (i.e., daughters of this function, constraint or generic system element) are in any way important 
to radiation control or radiotogical health and safety. Consequently, the RFA branch is terminated at this point.  

2 The rule contains Language that in the judgment of the Center would be Interpreted by a "reasonable engineer or scientist" 
(i) to be an Implied recognition of the need for the subject function, constraint or generic system element and/or (ii) 
to provide applicable siting or design criteria or performance objectives. (See explanation in Sections 4.2 and 4.3.1 of 
the body of this report.) 
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NIGH-LEVEL RADIOACTIVE WASTE REPOSITORY FUNCTIONAL ANALYSIS 

MISSION: Permanent Disposal of High-LeveL Radioactive Waste in Order to Protect the Pubtlic Health and Safety and the Environment.  

SAFETY IOCFR60 CORRELATION 
CATEGORY PRIMARY SUPPORTING CATEGORY 

1. PLAN OVERALL HLW PANACEMENT PHYSICAL SYSTEM OPERATIONS * 4 21Cc)4) 21(b)C1) 1 
thru thru 

210€)(12) 21(b)C4) 
214€)(15) CSubpart 1) 

2. SECURE AND SAFEGUARD RADIOACTIVE WASTES 4 21Cb)(3) 41(0)2 1 
21Cb)(4) 

FUNCTIONS 

2.1 Plan nuclear security and safeguards operstions 4 21Cb)(4) 4lCc)a 3 
21Cb)C3) 31Cb)G 

2.1.1 PLan normal security and safeguards operations * 4 21Cb)(4) 41C)U 1 
21Cb)(3) 31(b)I 

2.1.2 Plan for security and safeguards contingencies * 4 21Cb)C4) 41(c) 3 
210b)(3) 31(b)Q 

2.2 Screen/quatify candidate security and safeguards trainees * 4 162 41(c)a 1 
210b)(3) 21(€)C15)(111)a 

2.3 Train and certify security and safeguards personnel * 4 161 21(b)C3) 1 
41(c)U 

2.4 Monitor personnel reliability t 4 162 21Cb)C3) 1 
151 41C€)Q 

2.5 Conduct periodic training exercises a 4 161 21(b)(3) 1 
41(c)2 

2.6 Periodically recertify security and safeguards personnel. 4 161 21b)3) 1 
41Cc)• 

2.7 Conduct Investigations and issue long-term authorizations for access to 4 21(b)C3) 46Ca)C3)9 I 
operations areas and specific facilities * 

2.8 Prevent unauthorized access to (and activities in) operations areas 4 210b)M3) 41(c) 1 
210€)(8) 

2.8.1 Account for access and egress of authorized visitors # 4 21(b)(3) 41Cc) 1 
214€)(8) 

2.8.2 Control temporary individual authorizations for access to 4 21Mb)C3) 41Cc) 1 
operations areas and specific facilities # 21(€)C8) 

2.8.3 Detect and respond to intrusions and other unauthorized 4 21(b)(3) 41(c) 1 
activities * 21C€)(8) 

2.9 Prevent theft, sabotage, or terrorism in waste management facilities a 4 21Mb)C4) 41(c) 1 

21(b)(3) 31(a)(6)0 

2.10 Account for and maintain inventories of nuclear materials in the waste 4 71(b) 21(€)C10)1
management system # 

2.11 Limit human intrusion into the area of the repository foLlowing 
permanent closure (see 7.4, Limit posttoLsure intrusion into the area 
of the repository) # 

2.12 Maintain and secure security and safeguards records and reports # 4 21Mb)(3) I
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2.13 ImpLement a quatlty assurance program for security and safeguards * 

CONSTRAINTS 

2.14 Ensure operabftity of security and safeguards equipment important to 
safety * 

2.15 Ensure fitness for duty of personnel certified for security and 
safeguards operations that are Important to safety * 

2.16 Controt configuration of operational. security and safeguards 
facitltles, equipment, software and procedures * 

2.17 Ensure the stability of security and safeguards facilities under tocal 
foundation conditions * 

2.18 Ensure the abltity of security and safeguards faciLitites and equipment 
to perform their intended functions under naturatty induced conditions 
and events (e.g., weather, seismic activity) * 

2.19 Ensure the abitity of security and safeguards facilities and equipment 
to perform their intended functions under conditions and events induced 
by human activities * 

GENERIC SYSTEM ELEMENTS 

2.20 Security and safeguards generic system elements 

2.20.1 Facilitles for security and safeguards 

2.20.1.1 Facilities for security and safeguards operations 
(e.g., administrative, Investigatory, computer, 
guard stations, armory) ' 

2.20.1.2 Physicat barriers to operations area(s) access # 

2.20.1.3 Training facitlites for security and safeguards * 

2.20.1.4 Facilities for maintenance of security and 
safeguards facitities and equipment * 

2.20.2 Equipment for security and safeguards 

2.20.2.1 Operations area surveitance equipment for 
security and safeguards * 

2.20.2.2 Detection equipment for unauthorized entry of 
emptacement opening/tocation # 

2.20.2.3 Computationat capabitity for security and 
safeguards (e.g., monitor intrusion, access/egress 
controt) * 

2.20.2.4 Communications network for security and safeguards 
# 

2.20.2.5 Vehictes, armaments, and personat equipment for 
security and safeguards # 

2.20.2.6 Equipment for preparation and retention of 
security and safeguards records and reports #

4 152

2 

2 

4 

4 

4

150 
151

131(b)(6) 

162 

464c)(5) 

131(b)(1) 

131(b)(1)

4 21(b)M3)2 
21(b)C4)2 
131(b)(6)2

4 

4* 

4 

4*

21(b)(3) 
21(b)C4) 

21Cb)M3) 
21(b)C0) 

21(b)C3) 
21Cb)C4) 

210Wb)3) 
21(b)C4) 

210b)C3) 
21(b)(C*) 

131Cb)C6)Q 
21(0)(15)(v)9 

21(b)(3) 
21Cb)C4) 

210b)(3) 
21Cb)C4) 

21(b)04) 

21Cb)C3) 
21Cb)(4) 

21(b)C3) 
21(b)C4) 

21Cb)(3) 

21(b)C4) 

21(b)(3)

21(c)(15)(v)8 

160 

Part 50, 
AppB, 
Criterion III 

31(a)(6)2 
41(02) 

41(c)G 
31(b)8 

41(02) 

41(c)2 

41(c)0 

161 
41(0)2 

41(0)2 

41(c)2 

41(0)2 

41(c)2 

41(c)G 

41(0)9
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2.20.3 

2.20.4

2.20.2.7 Training equipment for security and safeguards * 

2.20.2.8 Equipment for security and safeguards 
unsafe/emergency conditions * 

2.20.2.9 Equipment, spares, snd materials for security and 
safeguards facilities and equipment maintenance * 

Software for security and safeguards * 

Trained and certified personnel for security and safeguards

2.20.4.1 Trained and certified personnet for security and 
safeguards unsafe/emergency conditions * 

2.20.4.2 Trained and certified personnel for security and 
safeguards facility and equipment maintenance * 

2.20.5 Procedure(s) for security and safeguards 

2.20.5.1 Procedure(s) to screen/qualify candidate security 
and safeguards trainees * 

2.20.5.2 Procedure(s) to train and certify security and 
safeguards personnel * 

2.20.5.3 Procedure(s) to monitor personnel reliability 

2.20.5.4 Procedure(s) to conduct periodic training 
exercises * 

2.20.5.5 Procedure(s) to periodically recertify security 
and safeguards personnel * 

2.20.5.6 Contingency procedure(s) for the event of toss or 
theft of special nuclear material * 

2.20.5.7 Procedure(s) for security and safeguards 
unsafe/emergency conditions * 

2.20.5.8 Procedure(s) for security and safeguards facility 
and equipment maintenance a 

3. TRANSPORT WASTE BETWEN MAJOR FACILITIES (e.g., source to disposal site) 
(Analysis of this function is deferred.) 

4. STORE HIGH-LEVL WASTE (Applicable to interim storage or tong-term storage) 
(Analysis of this function is deferred. This would apply to facilities such 
as an MRS.)

4 21(b)(3) 
21(b)(4) 

4 131(b)(4)(C1)9 
131(a)(6) 

4 131(b)(6)0 
21(c)(15)(v)G 

4 21(b)(3) 
71(b) 

4 161 
21(b)(3) 

4 1611 

4 131(b)(6)9 

4 21(b)(3) 

4 21(b)(3) 
162 

4 21(b)(3) 
161 

4 21(b)(3) 

4 21(b)C3) 
161 

4 21(b)(3) 
161 

4 210b)(4) 
21(b)(3) 

4 131(b)(4)(ii) 
21(b)(3) 

4 131(b)(6)8

161 
41(0)9 

21 ()(9)2 

41(0)9 
21(c)(10)2 
160 
41(€)8 

1602 
21(c)(15)(III)a 
21(c)C9)a 

21(c)(15)(v)s 

31(a)(6)U 
43(b)(6)0 

310a)C6)0 
43Cb)(6)8 
21(c)(15)(Ci1)a 

31(a)(6)2 
43(b)C6)2 

31Ca)(6)2 
43(b)(6)2 

31(a)(6)0 
43(b)C6)2 

31(a)C6)2 
43(b)(6)1 

31(a)(6)2 
43(b)(602 

31 (a)(6) 
43(b)(6)2 

21(c)(15)(v)0

A-4

1 

2 

2

I I



S. PREPARE WASTE FOR DISPOSAL

FUNCTIONS 

5.1 Plan waste preparation operations

5.1.1 Plan normal waste preparation operations * 

5.1.2 Plan for accident/emergency contingencies in waste preparation 
"operations including any unforeseen tess or potential lass of 
containment within waste preparation facilities * 

5.1.3 Plan for emergency evacuation of workers and the putlic during 
waste preparation operations * 

5.1.4 Plan waste preparation facility decommissioning *

5.2 Receive 
Receive 

5.3 Receive

waste from off-site for preparation for disposal (see 6.2, 
waste at repository from off-site) 

waste disposal package components for waste preparation

5.3.1 Verify transportation vehicle condition and absence of 
sabotage devices (e.g., explosives) upon receipt of waste 
disposal package coqmonents # 

5.3.2 Off-toad waste disposal package components # 

5.3.3 Inspect and test waste disposal package conponents # 

5.3.4 Update inventory of waste disposal package components received 
for waste preparation operations ** 

5.3.5 Load waste disposal package components for intra-faciLity 
transfer # 

5.3.6 Protect waste disposal package coaponents from damage during 
receiving 

5.3.7 Inspect, test and maintain waste disposal package component 
receiving facilities and equipWent * 

5.4 Temporarily store waste during operations to prepare waste for 
disposal; i.e., Lag (surge) storage (if required) 

5.4.1 Receive waste at tag storage facility # 

5.4.2 Off-load waste for tag storage #

5.4.3 

5.4.4

Update inventory of waste in Lag storage * 

Store waste pending packaging for disposal *

5.4.5 Load waste for transfer from lag storage # 

5.4.6 Dispatch waste from Lag storage *

2 131(b)(7) 
132(b) 

4 21(c)(15)(v) 

4 21(c)(15)Cv) 

4 21(c)(9) 

4 21(c)(9) 

4 21Co)C15)(vi)

4 1351 
113(a)(1)(ii)(A)a 

4 21(b)(4) 
21(b)C3) 

4 21(C)C15)Cv)1 

4 152 

5 

4 21Cc)C15)Cv)S 

1 152 
1OCFR50, App 3, 
Criterion V, X, 
XllI 

4 131Cb)C6)2 

2 132Ca) 

2 21CC)C15)(v)1 
132Ca)U 

2 21(€)C15Cv)9 

132Ca)2 

4 71(b) 

2 21(C)(15)(v)0 
132Ma)U 

2 21(C)(15)Cv)2 
135Cb)C3)2 

2 21(c)(15)(v)l 
13Cb)(3)A

43(b)(Cl1 
43(b)(2)2 
135S 

21(c)(9) 
(Subpart 1)

(Subpart 1) 1

132(e)2 
21(c)(11)4 

132Ca)1 

1OCFR50, 
Appi, 
Criterion V1I

135(a)(2)8 

21(c)C15)Cv)2 

31(a)C1)Cii)1 

31(a)(1)(ii)8 

31(a)(0)(06) 

21(c)(102) 

31(a)C1)(ii)1
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5.4.7 Inspect, test and maintain waste tag storage failtities and 
equipment* 

5.5 Temporarity store waste disposat package components in tag (surge) 
storage during operations to prepare waste for disposal 

5.5.1 Receive waste disposat package components at tag storage 
facility 9 

5.5.2 Off-toad waste disposat package components for tag storage 9 

5.5.3 Inventory waste disposal package components in tag storage # 

5.5.4 Store waste disposal package components pending packaging of 
waste for disposat * 

5.5.5 Load waste disposal package components for transfer from tag 
storage # 

5.5.6 Dispatch waste disposal package components from tag storage I 

5.5.7 Inspect, test and maintain waste disposat package components 
Lag storage facilities and equipment * 

5.6 Transfer waste during preparation operations (Intra-faciltty) (see 6.5, 
Transfer waste (|ntra-faciflty) during repository operations) 

5.7 Transfer waste disposat package components (intra-facitlty) ' 

5.8 Package waste for disposal

5.8.1 

5.8.2 

5.8.3 

5.8.4 

5.8.5

Consolidate spent fuel rods (as required) * 

Consotldate particuLate waste forms (as required) a 

Process secondary waste for packaging (as required) ' 

Process GTCC waste for packaging (as authorized) a 

Package waste in waste disposal package 0

5.8.6 Assembtle waste disposal package # 

5.8.7 Inspect and/or test waste disposal package #

5.8.8 

5.8.9 

5.8.10 

5.8.11 

5.8.12 

5.8.13

Repair/overpack waste (if apptlicabte) # 

Repackage waste (if required) #

Containerize secondary waste (if required) * 

Decontaminate waste disposal package surface areas 
during/following waste packaging Cas required) * 

Applty nique waste disposal package identification I 

Kaintain waste disposal package functional capabilities during 
preparation for disposal #

4 131(b)(6)2 

4 132CM)9 
21(c)(15)(v)2 

4 132Ma)9 

4 132(a)8 

4 71(b) 

4 132(a)U 

4 132(a)2 

4 132(a)9 

4 131(b)(6)8 

4 132Ib)A 
21(c)(15)(0v) 

2 135Cc)C1) 
113Ca)C1)(iI)CA)8 
135C()8 

2 ...  

2 135(c)C2) 

3 1320d)A 

2 135(d) 

2 113(a)(1)(0 1)CA)M 
135Ca)a 

2 113(a)(1)(ii)(A)2 
135(M)G 

4 152 
1OCFRSO, App B, 
Criterion X

2 

2 

3 

3 

4 

2

113Ca)(1)(Cl)(A)A 

135C)9 

1320d)A 

1310b)(4)Ci)A 
111 (a)3 

135(b)(4) 

152 
1OCFR5O, App I, 
Criteria V, X, 
X111

21(0)C15)(v)U 

1359 

21(c)(15)(v)9 

21(c)(15)(v)0 

21(c)(10)8 

21 CeCIO)1G 
21(c)(15)(v)8 

21(c)(15)(v)0 

21(c)C15)(v)9 

21Cc)C15)Cv)9 

132(a)9 

132cb)8 
131Mb)(7)9 

1020b)(4) 

1320b)8 
131Cb)(7)9 

132(b)U 

131(b)(7)9 

43(b)(4)2 
131(b)(6)0 

1320b)A 
131(Cb)7)8 

21(©)(?) 

131(b)(1)9 
31(a)(6)0 
21C0)015)(v)2
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5.8.14 Load waste disposal package for intra-faciltity transfer (if 
required) # 

5.8.15 Prepare waste disposal package for off-site shipment Cif 
required) # 

5.8.16 Inspect, test and maintain waste disposal packaging facilities 
and equipment * 

5.9 Monitor waste preparation conditions that affect radiological health 
and safety (see 6.8, Nonitor repository conditions that affect 
radiological health and safety during repository operations) 

5.10 Contain and dispose of any hazardous (nonradioactive) effluents 
resulting from waste preparation operations 9 

5.11 Account for (maintain inventories of) nuclear materalts during waste 
preparation for disposal * 

5.12 Perform periodic Inspection, test and maintenance of waste preparation 
facilities and equipment * 

5.13 Manage the configuration of waste preparation facilities, equipment, 
software and procedures * 

5.14 implement a quality assurance program for waste preparation operations 

5.15 Maintain and secure waste preparation records and reports * 

CONSTRAINTS 

5.16 Limit personnel radiation exposure during preparation of waste for 
disposal 

5.16.1 Limit personnel radiation exposure during normal waste 
preparation operations * 

5.16.2 Limit radiation level of waste contained in waste preparation 
operations 0 

5.16.3 Limit external radiation level of waste preparations 
operations 0 

5.16.4 Attenuate radiation from waste preparations operations # 

5.16.5 Limit personnel time and proximity to radiation sources # 

5.16.6 Limit personnel radionuclide ingestion during waste 
preparations operations # 

5.16.7 Limit personnel radiation exposure during waste preparation 
unsafe/emergency conditions 

5.16.2.1 Stop releases at the source during waste 
preparation operations # 

5.16.2.2 Limit spread of contamination during waste 
preparation operations #

2 21(C)(15)(v)8 

2 132(b)U 
135Cb)C3)8 

4 131(b)(6)8 

4 31(c) 

4 TI1b) 

4 131M(b)6) 

4 IOCFRSO, App B, 
Criterion III 

4 152 

4 71 

2 111(a) 
131(a) 
132(c) 

2 111(a) 
131(a) 
132(c) 

2 111(a) 
131(a) 
132(c) 

2 111(s) 
131(a) 
132(c) 

2 111(m) 
131(s) 
132(c) 

3 111(a) 
131(a) 
132(c) 

2 111(a) 
131(a) 
132(c) 

2 111(a) 
131(b)(4) 

2 21(c)(3)(113 

3 131(a)(4) 
132(b)

135(b)C3)3 

71(b)I 

21(c)C1S)(v)G 

32(a) 

21(c)(10)2 

46Ca)(5)3 
44(b) 

150 
151 

21(c)C7)9 
21 (c)(9)l 

21(c)(15)Cv)S 

21 (c)(7)U 
21 (c)(9)1 

21(c)(7)9 
21 (c)(9)9 

21(€)(7)9 
21(c)C9)B 

21(c)(7)8 
21 (c)(9)9 

21(€)(7)I 
21 (c)(9)9 

131 (a) (6)9 

31(oa)C6)9 

132(c)
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5.16.2.3 Decontaminate in event of release during waste 
preparation operations * 

5.16.2.4 Limit radiation level during waste preparation 
unsafe/emergency conditions * 

5.16.2.5 Implement worker evacuation plan as appropriate 
during waste preparation operations * 

5.17 Limit releases of radionuclides to the general environment during waste 
preparation operations 

5.17.1 Limit planned radionuclide release rate during waste 
preparation operations 

5.17'.1.1 Monitor radionuclide releases during waste 
preparation operations * 

5.17.1.2 Reduce radionuclide releases during waste 
preparation operations if excessive *' 

5.17.2 Minimize likelihood of accidental releases of radionuclides 
during waste preparation operations * 

5.17.3 Limit consequences of accidental radionuclide releases during 
waste preparation operations 

5.17.3.1 Reestablish control of radioactive material at the 
source in event of accidental release during waste 
preparation operations 

5.17.3.2 Limit spread of contamination in event of 
accidental release during waste preparation 
operations (if possible) 0 

5.17.3.3 Decontaminate in event of accidental release 
during waste preparation operations (if possible) 

5.17.3.4 Implement worker/pubiic evacuation plan as 
appropriate in event of accidental release during 
waste preparation operations * 

5.18 Limit radiation level in the unrestricted area due to waste preparation 
operations # 

5.19 Prevent nuclear criticality during waste preparation # 

5.20 Limit secondary effects of Industrial hazards during preparation of 
waste for disposal that adversely affect safety or isolation ** 

5.21 Ensure operability of general purpose (non-waste handling) waste 
preparation facilities and equipment * 

5.22 Ensure the stability of general purpose (non-waste handling) waste 
preparation surface facilities under local foundation conditions U 

5.23 Ensure the ability of general purpose (non-waste handling) waste 
preparation facilities to perform their intended functions under 
naturally induced conditions and events (e.g., weather, seismic 
activity) # 

5.24 Ensure the ability of general purpose (non-waste handling) waste 
preparation facilities to perform their Intended functions under 
conditions and events induced by human activities 9

3 131(b)(4)(I)G 

2 111(a) 
131(a)(6) 
131(b)(4) 

4 131(b)(4)(i) 

2 111(a) 
132(b) 

2 132(c)(1) 
111(a) 

4 132(C)(2) 

2 131(b)(8) 
132(c)(1) 

2 132 
131(b) 

2 111(a) 

4 21(c)(3)(ii) 

4 131Ca)4 
132(b) 
131(b)(4)(i)0 

4 21C()(7)8 

4 131(b)(4)(i) 

2 111(a) 
132(b) 
132(c)(1) 

2 131(b)(7) 

4 131(b)(9) 

4 21(c)(15)Cv)a

21(M)( )M 

21 (c)(9)

2

1

(Subpart I) 1

132(c) 1 

1

21(C)(7)8 2

132(b)8 1 

1 

1

21(c)(7')8 
21(c)(9)a 

21C(€)(7)G 

21(c)(9)4 

31(a)(6)0 2

132(c) I

2

(Subpart 1) 1

131(b) (4) 
21(c)(74) 
21(c)(9)2 

133(a)(2)2

1 

2 

2 

2 

2 

2

4 131(b)(1) 

4 131(b)(1) 

4 31(O)(6) 
21(b)(4)

A-8
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5.25 Ensure operability of waste disposal package component equipment * 

5.26 Ensure the stability of waste disposal package components facilities 
under local foundation conditions * 

5.27 Ensure the ability of waste disposal package component facilities 
important to safety to perform their Intended functions under naturaLly 
induced conditions and events (e.g., weather, seismic activity) # 

5.28 Ensure the ability of waste disposal package component facilities 
Isportant to safety to perform their intended functions under 
conditions and events Induced by human activities I 

5.29 Ensure fitness for duty of personnel certified for waste disposal 

package camonent handling and preparation * 

5.30 Ensure operability of waste preparation equipment important to safety' 

5.31 Ensure the stability of waste preparation facilities under Local 
foundation conditions 

5.32 Ensure the abiLity of waste preparation facilities and equipment 
Important to safety to perform their intended functions under naturaLly 
induced conditions and events (e.g., weather, seismic) * 

5.33 Ensure the ability of waste preparation facilities and equipment 
important to safety to perform their intended functions under 
conditions and events Induced by human activities * 

5.34 Ensure fitness for duty of personnel certified for waste preparation 

operations that are imprtant to safety' 

GENERIC SYSTEM ELEMES 

5.35 Waste preparation generic system etements 

5.35.1 General purpose (non-waste handling) waste preparation 
generic system elements 

5.35.1.1 Aqueous and non-aqueous fire protection 
facilities and equipment for waste preparation 
operations I 

5.35.1.2 General purpose support buildings (e.g., tab, 
administrative, computer) for waste 
preparation operations ** 

5.35.1.3 Utilities for waste preparation operations 

5.35.1.3.1 Interface with utilities from 
off-site sources I 

5.35.1.3.2 On-site utility distribution 
facilities and equipment for 
waste preparation operations I 

5.35.1.3.3 Standby electrical power sources 
and power distribution 
facilities and equipment for 
waste preparation operations 
important to safety I 

5.35.1.3.4 Uninterrn4table power source(s) 
(e.g., for repository 
instrumentation, alarms, 
communications, and lighting 
Iffortant to safety) I

4 1358 
113(a)C1)(li)(A)G 

4 131(b)(1)

2 131(b)(1)

2 21C)C3)8 
31(a)(6)8 

4 162 

21C()C1S)(11i) 

2 131Ob)W6) 

2 131(b)C1)

131Cb)C6)8 
21Cc)C15)(v)A

131(b)(6)2 
21(b)M3)8 
21(b)(C)0 

160 

21(c)C15)(v)B

2 131(b)(1)

2 21(c)(3)8 
31(a)(6)0 

2 162 
21(c)(15)(CI1)8

131(b)(6)8 
21b)(3)8 
21Cb)C4)8 

160

4 131

4 131(b)(3)Ciii) 
131(b)(3)(iv)

131(b)C4)(il)

5

4 131(b)(5) 

4 131(b)CS)S 

2 l31(b)CS) 

2 131(b)C5)Cii) 
131(b)(5)(CIi) 

2 131(b)C5)Ciii)3

A-9

2 

1

I

2

1

2 

2 

1

1 

1

1 

I

1

2
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5.35.1.3.5 Emergency lighting for waste 
preparation operations * 

5.35.1.3.6 Repository surface-subsurface 
water distribution facilities 
and equipment * 

5.35.1.3.7 Repository sewage collection, 
treatment, and disposal 
facilities and equipment '* 

5.35.1.4 Communications for waste preparation 
operations 

5.35.1.4.1 Interface with csmmunications 
from/to off-site sources for 
waste preparation operations ' 

5.35.1.4.2 On-site communication network 
facilities and equipment for 
waste preparation operations # 

5.35.1.5 Ventilation and air conditioning for general 
purpose surface waste preparation facilities * 

5.35.1.6 Facilities and equipment for Industrial waste 
disposal during waste preparation operations Otl 

5.35.1.7 Surface facilities, equipment spares and 
material for general purpose waste preparation 
facility and equipment maintenance during 
waste preparation operations * 

5.35.2 Waste disposal package component receiving generic 
system elements

5.35.2.1

4 131(b)(5)4 

4 131(b)(5)(i) 

5 

4 131(b)(4)(ii)0 

4 131Cb)C4)(ii)9 

4 131(b)(4)(1i)0 

5 

5

4 

4

Facilities for receiving waste disposal 4 
package components for waste preparation 

5.35.2.1.1 Facilities for external 4 
inspection of complete off-site 
transportation vehicle (e.g., 
railcar, truck) during disposal 
package component receiving # 

5.35.2.1.2 Repository demurrage area for 5 
raitcars/trucks during disposal 
package component receiving # 

5.35.2.1.3 Facility for off-loading waste 4 
disposal package components from 
transportation vehicle during 
disposal package component 
receiving # 

5.35.2.1.4 Facility for receiving, 4 
Inspection and test of waste 
disposal package conponents 
during disposal package 
component receiving # 

5.35.2.1.5 Repository holding facility and 5 
yard for off-loaded 
railtcars/trucks during disposal 
package component receiving *

131(b)(6)2 

1352 
113Ca)CI)(ii)CA)2 

1352 
113Ca)CI )i A)8 

1352 
113(a)CM)1I )(A)8 

135a 113(a)(1)CIf)CA)Q 

1359 
113Ca)C1)(ii)CA)A

131(b)(5)4

21Cc)15)Cv)9 

132Ca)8 

132Ca)9 

132(C)2 

132Ca)Q 

132Ca)Q 
1529

A-10

2

1

2 

2 

2

2

2 

2 

2

2

2

I ý I



5.35.2.1.6 Facility for loading waste 
disposal package components for 
intra-faciLity transfer during 
disposal package component 
receiving # 

5.35.2.1.7 Ventilation and air conditioning 
for waste disposal package 
component receiving facilities 

5.35.2.1.8 Facility for maintenance of 
waste disposal package component 
receiving facility and equifpent C 

5.35.2.2 Equipment for receiving waste disposal package 
components during waste preparation receiving 
operations 

5.35.2.2.1 Equipment for external 
Inspection of complete off-site 
transportation vehicle (e.g., 
railcar, truck) # 

5.35.2.2.2 Equipment for off-Loading waste 
disposal package components from 
transportation vehicle # 

5.35.2.2.3 Equipoent for Inspecting waste 
disposal package components upon 
receipt # 

5.35.2.2.4 Computationat capability for 
receiving waste disposal package 
components * 

5.35.2.2.5 Equipment for Loading waste 
disposal package components for 
intra-facitity transfer * 

5.35.2.2.6 Equipment for response to waste 
disposal package components 
unsafe conditions * 

5.35.2.2.7 Equipment, spares, and materials 
for receiving facility and 
equipment maintenance waste 
disposal package components * 

5.35.2.3 Software for waste disposal package components 
receiving operations (e.g., Inventory) * 

5.35.2.4 Trained and certified personnel for waste 
disposal package components receiving 
operations 

5.35.2.4.1 Trained and certified personnel 
for waste disposal package 
components handling In receiving 
operations * 

5.35.2.4.2 Trained and certified inspection 
and testing personnel for waste 
disposaL package components 
receiving operations *

4 1359 
113(a)(1)(ii)(A)A 

4 21(c)(15)(v)8 
131(b)(6)0 

4 1359 
113(a)(1)(II)(A)G 

4 1358 
113Ca)(1)Cii)(A)8 

4 1359 
113(a)(1)( I)CA)M 

4 152 
131Cb)(6) 

S 

4 1359 
113(a)C1)(iO)(A)9 

4 131(b)(4)(Cf)@ 
131(a)(6) 

4 131(b)(6) 
21(c)(15)(v)0 

4 21(c)(15)(v)0 

4 161 

4 161 

4 161

A-11

2

2

21Cb)C3)

2 

2 

2 

2

2 

221(c)(9)a

2 

2

160 

160

1 

I 

I160 
1529



5.35.2.4.3 Trained and certified personnel 
for response to waste disposal 
package component receiving 
unsafe conditions * 

5.35.2.4.4 Trained and certified personnel 
for waste disposal package 
components receiving facility 
and equipment maintenance ' 

5.35.2.5 Procedure(s) for waste disposal package 
components receiving operations

5.35.2.5.1 Procedure(s) for waste disposal 
package components handling in 
receiving operations * 

5.35.2.5.2 Procedure(s) for Inspection and 
test of waste disposal package 
components In receiving 
operations * 

5.35.2.5.3 Procedure(s) for response to 
unsafe conditions during 
receiving operations * 

5.35.2.5.4 Procedure(s) to ensure fitness 
for duty of personnel certified 
for waste disposal package 
component receiving * 

5.35.2.5.5 Procedure(s) for waste disposal 
package components receiving 
facility and equipment 
maintenance #

4 161 
131(b)(4)(ii) 

4 161 

4 152 
IOCFR5O, App 1, 
Criterion V 

4 152 
IOCFRSO, App I 
Criterion V 

4 152 
IOCFR5O, App 6, 
Criterion V, VII 
and X 

4 152 
1OCFR5O, App 1, 
Criterion V 

4 152 
IOCFR5O, App B, 
Criterion V 
162 

4 152 
IOCFR50, App B, 
Criterion V

160 
21(c)(9)2

160

43(b)(6)2 
31(1)C6)2 

43(b)(6)2 
31(a)6)(0 

43Cb)(6)2 
31(a)06)2

43(b)6)09 
31(a)06)8 
131(b)(&)(11) 
21(c)(9)2 

43(b)(6)B 31(a)(028

43Cb)(6)8 
31C)(6)8 
131Cb)(6)M

5.35.3 Waste tag storage generic system elements for waste 
preparation operations 

5.35.3.1 Facility for waste tag storage during 
preparation operations 

5.35.3.1.1 Off-toad/load facilities for 
waste preparation tag storage * 

5.35.3.1.2 Facility to temporarily store 
waste during preparation 
operations 9 

5.35.3.1.3 Ventilation and air conditioning 
for waste tag storage facilities 

5.35.3.1.4 Facility for maintenance of 
waste preparation waste tag 
storage facility and equipment # 

5.35.3.2 Equipment for waste tag storage during 
preparation operations 

5.35.3.2.1 Equipment to off-toad/toad waste 
to/from transfer conveyance in 
waste preparation tag storage 9 

5.35.3.2.2 Handling equipment for waste 
preparation tag storage 9

2 132(s) 

2 132Ca)8 

2 132(a)a 

2 132Ca)G 

2 132(b)

31C1)c1)cii)A 

31()C(1)CII)G 
74(a)(4)2 

31(a)1)(i)8 

74C0)(4)0 

131(Ca(1)9 
131(a)04)2

4 21(c)C15)Cv)S 
131(b)(6)2

2 132Ca)G 

2 132Ca)8 

2 132Ca)8

31(a)(1)Cii)U 
74Ca)(4)U 

74Ca)C4)8 

31(4)C1)(1i)0 

741(a)4)8

A-12

I

I 

1 

1

1 

I

I

I
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2 
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2
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5.35.3.3 

5.35.3.4

5.35.3.5

5.35.3.2.3 Equipment to support waste 
disposal packages In tag storage # 

5.35.3.2.4 Monitoring equipment for waste 
in Lag storage # 

5.35.3.2.5 Computational capability for 
waste tag storage operations # 

5.35.3.2.6 Equipment for waste lag storage 
unsafe/emergency conditions * 

5.35.3.2.7 Equipment, spares, and materials 
for waste tag storage facilities 
and equipment maintenance * 

Software for waste tag storage (t.g., 
inventory, process control, management) * 

Trained and certified personnel for waste tag 
storage 

5.35.3.4.1 Trained and certified personnel 
for waste handling in tag 
storage * 

5.35.3.4.2 Trained and certified personnel 
for Inspection of waste received 
for tag storage * 

5.35.3.4.3 Trained and certified personnel 
for waste tag storage 
unsafe/emergency conditions ' 

5.35.3.4.4 Trained and certified personnet 
for waste tag storage facility 
and equipment maintenance * 

Procedure(s) for waste tag storage operations

5.35.3.5.1 Procedure(s) for waste handling 
in tag storage * 

5.35.3.5.2 Procedure(s) for inspection of 
waste received for lag storage # 

5.35.3.5.3 Procedure(s) for waste Lag 
storage tnsafe/emergency 
conditions * 

5.35.3.5.4 Procedure(s) for waste Lag 
storage facility and equipment 
maintenance # 

5.35.3.5.5 Procedure(s) to ensure fitness 
for duty of personnet certified 
for waste tag storage operations 
I 

5.35.4 Waste disposal package components lag storage generic 
system elements for waste preparation operations 

5.35.4.1 Facility for waste disposal package components 
tag storage during preparation operations 

A-13

2 132CM)8

4 132(c)(2)8 
21(c)(7)A 

2 7TIb)& 

4 1310b)(4)(1i)0 
131Ca)(6)8 

4 131(b)(6) 
21(c)C15)(v)9 

2 71(b)9 

2 161 

2 1611 

4 1610 

4 1619 

4 1611 

2 152 
IOCFRSO, App 1.  
Criterion V 

2 152 
IOCFR5O, App 1, 
Criterion V 

4 152 
IOCFRSO, App 1, 
Criterion V, X 

4 152 
Part 50, App 1, 
Criterion V 

4 131Mb)M6) 
21(00)15)(v)0 

4 152 
1OCFR5O, App U, 
Criterion V 
162 

4 132(a)2 
21(c)(15)(v08 

4 132Ca)9 
21(0)0t5)(v08

31(a)(CI)(1)C 
74(a)(4)8 

131Cb)(8)8 

21Cc) 10)8 

21(c)(9)8 

21(c)(10)a 

160 
21(c)CIS(C5)(1A 

1602 
21(c)(15)(iii)1 

1602 
21(C)(C1)(iii)8 

1602 
21(c)(15)(iii)a 
21(c)C9)2 

1608 
21(c)(15)(Cii)8 

43(b)(6)0 
31(a)(6)0 

43(b)(6)2 
31(a)(6)8 

43(b)(6)0 
31(a)(6)0 

43(b)(6)2 
31(a)(6)8 
21(c)C9)2 

152 
IOCFRSO, App:, , 
Criterion V 

43(b) (6) 
310C)C6)0 

1350 

1352

I I



5.35.4.1.1 Waste disposal package 
components tag storage off
load/toad facility # 

5.35.4.1.2 Facility for waste disposal 
package coqmonents Lag storage 
during preparation operations # 

5.35.4.1.3 Ventilation and air conditioning 
for waste disposal package 
components tag storage 
facilities * 

5.35.4.1.4 Facility for maintenance of 
waste preparation waste tag 
storage facility and equipment # 

5.35.4.2 Equipment for waste disposal package 
components Lag storage during preparation 
operations 

5.35.4.2.1 Equipment to off-Load/toad 
waste disposal package 
components to/from transfer 
conveyance at Lag storage # 

5.35.4.2.2 Handling equipment for waste 
disposal package components in 
tag storage # 

5.35.4.2.3 Equipment to support waste 
disposal package components in 
tag storage # 

5.35.4.2.4 Computational capability for 
waste disposal package 
components tag storage * 

S.35.4.2.5 Equipment for response to waste 
disposal package coamonents tag 
storage unsafe conditions * 

5.35.4.2.6 Equipment, spares, and 
materials for waste disposal 
package components tag storage 
facilities and equipment 
maintenance * 

5.35.4.3 Software for waste disposal package components 
tag storage (e.g., Inventory) * 

5.35.4.4 Trained and certified personnet for waste 
disposal package components tag storage 

S.35.4.4.1 Trained and certified personnel 
to off-toad/toad waste disposal 
package components in Lag 
storage * 

5.35.4.4.2 Trained and certified personnel 
to handle waste disposal package 
components in tag storage * 

5.35.4.4.3 Trained and certified personnel 
for inspection of waste disposal 
package components received for 
lag storage *

4 132Ca)9 
21Cc)(15)(v)8 

4 132Ca)8 
21€Cc)15)Cv)8 

4 21(c)(1S)(v)8 
1310b)C6)8 

4 132CaOG 
21(c)C1S)Cv)8 

4 132Ca)U 
21(c)CIS)(v)O 

4 132(a)8 
21(c)(15)Cv)8 

4 132Ca)U 
21(c)(15)(v)8 

4 131Cb)C4)(Ci)8 
131C) (6) 

4 131(b)(6) 
21(c)(15)(v)8 

5

4 161 

4 1618 

4 1618 

4 1619

1358 

1358

1358 

1358 

1358 

1358

21 (c)M9)

160 
21(c)(15)Miii)8 

1602 
21MC)C15)(Mii)8 

1608 
21(c)(15)(111)9 

1602 
21(c)(15)C(11)a

A-14

I I

2 

2

2 

2 

2 

2 

2

2

2 
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5.35.4.4.4 Trained and certified personneL 
for response to waste disposal 
package components tag storage 
unsafe conditions * 

5.35.4.4.5 Trained and certified personnel 
for waste disposal package 
components lag storage facility 
and e•ulmoent maintenance " 

5.35.4.5 Procedure(s) for waste disposal package 
coamponents lag storage operations 

5.35.4.5.1 Procedure(s) for waste disposal 
package cosalnents off
Loading/loading to/from transfer 
conveyance at Lag storage * 

5.35.4.5.2 ProcedureCs) for inspection of 
waste disposal package 
components received for Lag 
storage 9 

5.35.4.5.3 Procedure(s) for waste disposal 
package components handling in 
lag storage * 

5.35.4.5.4 Procedure(s) for response to 
waste disposal package 
components lag storage unsafe 
conditions * 

5.35.4.5.5 Procedure(s) for waste disposal 
package components lag storage 
facility and equipment 
maintenance # 

5.35.4.5.6 Procedures to ensure fitness for 
duty of personnel certified for 
waste disposal package 
components lag storage 
operations # 

5.35.5 Waste packaging generic system elements 

5.35.5.1 Facilities for waste packaging 

5.35.5.1.1 Nigh-level waste consolidation 
facility (if required) * 

5.35.5.1.2 Waste disposal package assembly 
facility * 

5.35.5.1.3 Waste disposal package 
repair/overpack facility (if 
appLicable) # 

5.35.5.1.4 Waste disposal package 
inspection and test facility #

5.35.5.1.S FaciLity for repackaging Waste 
(e.g., damaged, defective) I

4 1619 

4 1619

1609 
21(€)(15)CHIS)8 
21(c)(9)8 

1609 
21(C)C15)(III)9

4 152 
IOCFR5O, App 3, 
Criterion V 

4 152 
IOCFR5O, App 1, 
Criterion V 

4 152 
IOCFRSO, App 8, 
Criterion V, X 

4 152 
IOCFRSO, App 1, 
Criterion V 

4 152 
IOCFRSO, App 5, 
Criterion V 

4 131(b)(6) 
21(c)(15)(v)g 

4 162 
IOCFRSO, App B, 
Criterion V 

2 113(a)(1)(ii)(A)9 
135(a)9 

2 113(a)(1)(Ii)(A)U 
135(a)2 

2 132(c)(2)2 

2 113(a)C1)(ii)(A)9 
135(a)9 

2--

135(a)9 

2 113(s)(1)Cii)(A)2 
135(a)2

43(b)(6)8 

43(b)(6)2

43(b)(6)2 

43(b)(06) 

43(b)(6)2 
31(a)(6)0 
21(€)(9)9

152 
IOCFR5O, App 3, 
Criterion V

160 
93(b)(6)4 

132(b)I 
131(b)(7)8 

132(b)M 
131(b)(7)2 

132Cb)9 
131 (b)(7)

132(b)9 
131Mb)(7)g 
1522 

132(b)I 
131(b)(7)4

A-15

1 

¶ 

1
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I 

I

I

I

I

2
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2 
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5.35.5.1.6 Facitlity to prepare for disposat 
those secondary wastes generated 
during packaging of high-LeveL 
waste 9 

5.35.5.1.7 Facility to package Greater
Than-Ctass-C (GTCC) waste for 
disposaL (if appLicable) * 

5.35.5.1.8 Facility for waste packaging 
facility and equipmoent 
maintenance # 

5.35.5.1.9 Ventltation and air conditioning 
for waste packaging facilities 0 

5.35.5.2 Equipment for waste packaging 

5.35.5.2.1 Waste disposal package 
components 0 

5.35.5.2.2 Containers for secondary wastes 
(if required) I 

5.35.5.2.3 Equiplent for high-tevet waste 
consolidation (if required) # 

5.35.5.2.4 Equipment for the movement of 
waste, waste disposal package 
components, and assei•bLed waste 
disposal packages In the waste 
packaging process # 

5.35.5.2.5 Equipment for waste disposal 
package asseMbLy # 

5.35.5.2.6 Equipment for waste disposal 
package repair/overpack (if 
appticabte) * 

5.35.5.2.7 Equipment for waste disposat 
package inspection and test 
during/fottowing packaging I 

5.35.5.2.8 Equipment for waste repackaging 
(if required) * 

5.35.5.2.9 Equipment for preparation of 
secondary waste for disposal # 

5.35.5.2.10 Equipment for packaging of GTCC 
waste for disposal (if 
asptpcabte) # 

5.35.5.2.11 Computational capabitty for 
waste packaging operations, 

5.35.5.2.12 Equipoent for waste packaging 
unsafe/emergency conditions * 

5.35.5.2.13 Equipment, spares, and materials 
for waste packaging facility and 
equipment maintenance I 

5.35.5.3 Software for waste packaging operations (e.g., 
Inventory, process controt, monitoring) *

3 132(d) 

2 135(d)8 

4 131(b)(6)8 
21(c)(15)(v)U 

2 132(b) 

2 113(a)(1)Cii)(A)G 
135Ca)2 

4 113Ca)C1)Cii)CA)M 
1354A)U 

3 132(d)2 

2 135(c)(2)2 

2 74ca)(0)8 

2 113Ca)(1)(ii)CA)8 
135(a)2 

2--

4 113(a)(1)Cii)(A)M 
135Ca)Q 
1522 

2 113(a)(1)(Ci)(A)l 
135(s)a 

3 132Cd)B 

2 1350d)A 
102(b)(4)0 

2 71Cb)U 

4 131(b)c4)(0i)2 
131(a)(6)3 

4 131(b)(6)0 
21(0)015)(v)G 

2 71(b)2

A-16

I

131(a)(1)Q 
131 ()(4)C 

132(b)Q 
131(b)(T)G 

132(b)G 
131(b)(7)l

3 

2 

1 

2 

2 

2 

2 

2132(a)a

2132Cb)3 
131Mb)O7)8 

132(b)3 
131(b)(7)2 

132(b)l 
131Cb)(C)D

2 

2 

2 

3

21(c)(10C) 

21 (c)9)g

I

12 

2 

221(c)C10)B



5.35.5.4 Trained and certified personnet for waste 
packaging operations 

5.35.5.4.1 Trained and certified personnel 
for waste packaging operations * 

5.35.5.4.2 Trained and certified Inspection 
and testing personnet for waste 
packaging operations * 

5.35.5.4.3 Trained and certified personnel 
for waste packaging 
unsafe/emergency conditions ' 

5.35.5.4.4 Trained and certified personnet 
for waste packaging facility and 
equipment maintenance 9 

5.35.5.5 Procedure(s) for waste packaging operations 

5.35.5.5.1 ProcedureCs) for waste disposal 
package assembly actions and 
processes * 

5.35.5.5.2 Procedure(s) for inspecting and 
testing waste disposat packages 
during and fotLowing packaging 
operations # 

5.35.5.5.3 Procedure(s) for waste packaging 
unsafe/emergency conditions * 

5.35.5.5.4 Procedure(s) for waste packaging 
facitity and equipment 
maintenance # 

5.35.5.5.5 Procedure(s) to ensure fitness 
for duty of personnel certified 
for waste packaging operations 0

2 161 

2 161 

4 161 

4 161 

4 161

160 
21Cc)CU15) 02~ 

160 
2lCc)CIS1)(ii2 

160 
2lCc)CI1S1cii2 

160 
21Cc)C1S)ciiiO 
21C(c)C9)2 

160 
21Cc)C5)Cii2

2 152 
IOCFRSO, App 8, 
Criterion V 

2 152 
IOCFRSO, App B, 
Criterion V 

4 152 
IOCFRSO App B, 
Criterion V, X 

4 152 
IOCFR50, App B, 
Criterion V 

4 152 
IOCFR50, App 3, 
Criterion V 

4 152 
IOCFRSO, App B, 
Criterion V 
162

43(b)(6)09 
31(a)C6)9 

43(b)(6)2 
31(a)(6)0 

43(b)(6)09 
31CM)(6)9 

43Cb)(6)I 
31Ca)(6)2 
21CO)(9)9 

43Cb)(6)9 
31Cs)(6)8 
1310b)(6)0 

43(b)C6)9 
31Ca)(6)2

A-17
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1 

I 

I 

1 

I 

1 

1 

1 
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6. CONDUCT GEOLOGIC REPOSITORY WASTE DISPOSAL OPERATIONS 

FUNCTIONS 

6.1 Plan repository operations 

6.1.1 PLan normat repository disposal operations

6.1.2 

6.1.3 

6.1.4 

6.1.5 

6.1.6 

6.1.7 

6.2 Receive 

6.2.1 

6.2.2 

6.2.3 

6.2.4 

6.2.5

Plan for emergency repository operations contingencies 
Including unforeseen toss or potential Loss of containment * 

Plan for possible removal of waste from repository and 
alternative storage * 

Plan for emergency evacuation during disposal operations ' 

Plan repository post-emptacement operations * 

Plan repository closure and decommissioning * 

Plan repository postcLosure activities 

waste at repository from off-site 

inspect waste upon receipt at the repository 

6.2.1.1 Verify raitcar/truck condition and absence of 
sabotage devices (e.g., explosives) upon receipt 9 

6.2.1.2 Survey transportation package external dose rate 
upon receipt # 

6.2.1.3 Inspect physical condition of waste upon receipt # 

6.2.1.4 Verify type, amount, and source of waste received 
# 

Off-toad transportation package from transportation vehicle 
upon receipt (if required) # 

Decontaminate transportation package/waste surface areas in 
receiving (if required) # 

Remove waste from transportation package in receiving * 

Inspect and test waste received for disposal to verify 
condition and content *

6.2.6 Update inventory of waste received for disposal *

2 31Ca)1 
31(e)(1)aii) 71(b)G

4 21(c)(4)-012) 
21(c)115) 

4 211c)(15)(v) 

4 21€c)(9) 

4 21(c)(12) 

4 21€c)C9) 

4 21Cc)C9) 
21€c)(8) 

4 21Cc)(15)(vi) 
51 

4 S11a)C1) 
511m)(2) 

2 21(b)(2)8 
21(c)(5)4 

4 152 
IOCFR50, AppB, 
Criterion X 

4 21(b)(4) 

3 111(a)U 
131(b)(4)(i)G 

4 152 

4 71(b) 

2 21(b)(2)2 
21(c)(5)0 

3 21(b)C2)2 
21(c)(5)2 

2 21Cb)(2)2 
21Mc)(5)U 

4 21Oc)5)1 

4 71(b)

21(c)(15)(v)s 
21(c)(15)(vAM)U 
102(b)C3)8 
1OZCd)Q 

21(b)C1)-(4) 
(Stupart I) 

21(b)(2) 
21(b)(3) 
21Cb)C4) 

131(b)(4)0 

111(b) 

131(b)C4)(I)O 
(SuLpart 1) 

211c)(11)0 

21Cc)(8) 

711b)o 
132(a)O 

131(b)C6)2 

21(b)(3) 

21(c)(7)2 

IOCFR50, App 1, 
Criterion X 

21(c)(10)A 
51(a)(2)C(i)2 

1326A)1 

132Ca)B 

132(a)I 

152 
43(b)(4)a 
1OCFR50, App B, 
Criteria VIII & 
x 

211C)110)

A-18



6.2.7 Monitor waste receiving conditions that affect radioLogical 
heatth and safety (see 6.8, Monitor repository conditions that 
affect radioLogical heaLth and safety) * 

6.2.8 Load waste disposal package for intra-facitlty transfer 9 

6.2.9 Inspect, test and maintain receiving operations facitities and 

equipment * 

6.3 Prepare waste for disposal (see 5, Prepare waste for disposal) 

6.4 Teaporarity store waste during repository operations -- tag (surge) 
storage (if required) 

6.4.1 Receive waste disposal package at repository Lag storage 
facility 9 

6.4.2 Off-Load waste disposal package for repository Lag storage # 

6.4.3 Update inventory of repository lag storage waste disposal 
packages * * 

6.4.4 Load repository Lag storage waste disposal package for 
transfer # 

6.4.5 Dispatch waste disposal package from repository tag storage # 

6.4.6 Inspect, test and maintain repository tag storage facilities 
and ecuipment * 

6.5 Transfer waste (intra-faciflty) dluring repository operations 

6.5.1 Prepare for Individual waste disposat package transfer 

6.5.1.1 SeLect individual waste disposal package to be 
transferred (if required) * 

6.5.1.2 Authorize transfer of Individual waste disposat 
package 

6.5.1.2.1 Authorize transfer of waste 
disposal package to Lag storage * 

6.5.1.2.2 Authorize transfer of waste 
disposal package to preparation
for-disposal facility (if required) 

6.5.1.2.3 Authorize transfer of waste 
disposal package to emplacement 
Location * 

6.5.1.3 Coordinate transfer of indivdualt waste disposal 
package * 

6.5.2 Verify identity of individual waste disposal package for 

intra-facitlty transfer * 

6.5.3 Ensure Integrity of waste disposat package prior to transfer *

132(a)o 
21(c)(15)(v)A 

131(b)(6)8 

132(a) 

21(c)(C1S)v)8 
132Ca) 

21Cc)C15)Cv)9 
1320s) 

71(b) 

21(c)(15)(v)8 
132(a)G 

21(c)(C15) v) 
132Ca)9 

131(b)(6)2 

132(b)9 
131(b)(7)G 
135(b)(3)2 
111(b)G 
122(b)(5)G 

135(b)(3)2 

43(b)(3) 
71(b)S 

71(b)0 

71Cb)G 

71(b)9

4 71(b)l

5 

4 135(b)(0)2 

152 
131(b)(6)0

31(a)(1)(ta)9 

21(c)(15)(v)a 

21(c)012)A 
31(a)(1)(Ii)u 

21(c)(12)A 
31(a)CI)(ii)9 

21C()(12)2 31(a)O1)W08 

21(e)(10)A 

21(o)(12)l 
31(s)(1)(MiG 

21(c)(12)9 
31(a)(1)(102g 

21(c)(15)Cv)2 

132(A)O 
21(C)(12)A 

135(b)(3)8 

21(c)(10)A 

21(c)0CIO) 

21(c)(10)2

21(€)(10)0

1 

IOCFR5O, App I, 2 
Criterion X

A-19
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6.5.4 

6.5.5 

6.5.6 

6.5.7 

6.5.8 

6.5.9 

6.5.10 

6.5.11 

6.6 Eoptace

6.6.1 Ensure integrity of waste disposat package at start of 
emplacement * 

6.6.2. Transfer waste disposat package to intended emplacement 
opening/tocation * 

6.6.3 Verify and record identification of each waste disposat 
package and its intended emplacement opening/location * 

6.6.4 Transfer waste disposal package to emplacement equipment (if 
required) I 

6.6.5 Align waste disposal package with emptacement opening/location 

6.6.6 Place waste disposal package in position in emptacement 
opening/tocation I 

6.6.7 Emptace emptacement opening packing or backfirl (if required) 

6.6.8 Install monitoring equipment for waste emplacement (as 
required) I 

6.6.9 Verify Integrity of waste disposal package and, if used, 
emplacement opening backfiLl during waste emplacement 
operations I 

6.6.10 Verify and record identification of emptaced waste disposal 
package and emptacement opening tocation nuber # 

6.6.11 Authorize and sign-off emptacement opening closure it 

6.6.12 Close emptacement opening/tocation fottowing waste emptacement 
(i.e., instatt cover or plug) # 

6.6.13 Prevent tampering with emp•aced waste disposat package I 

6.6.14 Update inventory of emptaced waste *

135(b)(3)2 

135(b)(3)9 

71(b) 

135Cb)C3)2 

135Cb)(3)9 

135(b)(3)2

Load waste disposal package on transfer conveyance during 
transfer operations # 

Dispatch waste disposal package during transfer operations I 

Update inventory of waste disposat packages for transfer 
operations # 

Nove waste disposal package to next repository station during 
transfer operations * 

Off-toad waste disposal package from transfer conveyance 
during transfer operations (if required) # 

Protect the waste disposal package from physicat damage in 
transfer during transfer operations * 

Return damage protection device to storage area after transfer 
operations (if required) I 

Inspect, test and maintain receiving operations facilities and 
equipment * 

waste disposat package in geotogic repository

4 

4 

4 

4 

4

135(b)(4) 

43(b)(6)0 

111(Ca3 

21(b)(4) 

71(b)

21(c) (1038 

21(c)(15)(v)l 

122(b)(5)G 
135(b)(3)2 

131(b)(6)2 

132(a)2 

IOCFR5O 
App , X 

135(b)(3)1 

135(b)(3)2 

135Cb)C3)3 

41(a) (4) 

131Ca)(4) 
51(a)C1) 

IOCFR5O 
App I'x 

71(b) 

131(a)C338 
131Ca)C5)9 

21(C)O10)

A-20

4 131(b)(6)2 

2 21(b)M2)l 
111(b)1 
132(a)8 

4 152 
IOCFR5O. App U, 
Criterion X 

2 132(b)B 

4 135Cb)C4) 
152 
71(b) 

2 111ObM1 

2 111(b) 

2 111b3 

I 111(b)(2) 

4 1310o)(6) 
1310b)(8) 

4 152

3 

3 

1 

3 

3 

3

2 

2 

2 

2 

3 

2 

2 

2 

2 

2 

2 

1 

3 

2 

1 

1
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6.7

6.8

6.6.15 Close and backfill selected drifts as authorized during waste 
emplacement operations (see 6.11.1, Close underground 
facility) 

6.6.16 Monitor waste emplacement conditions that affect radiological 
health and safety during waste emplacement operations (see 
6.8, Monitory repository conditions that affect radiological 
health and safety) * 

6.6.17 Inspect, test and maintain receiving operations facilities and 
equip:ment * 

Relocate waste within underground facility (as required) 

6.7.1 Remove waste from emplacement location (see 6.9.1 - 6.9.12, 
Remove any/all waste from underground facility (as required)) 

6.7.2 Transfer waste within underground facility (see 6.5, Transfer 
waste (Intra-facility) during repository operations 

6.7.3 Ieemptace waste (see 6.6, Eaptace waste disposal package in 
geologic repository) 

6.7.4 Update inventory of emptaced waste ' 

Monitor repository conditions that affect radiological health and 
safety or isolation during repository operations 

6.8.1 Continuously monitor conditions that may impact personnel 
safety (radiological & non-radiologicat) during repository 
operations

6.8.1.1 Continuousty monitor radiation levels during 
repository operations 9 

6.8.1.2 Monitor environmental conditions to provide 
warning of potentially hazardous conditions or 
events during repository operations (e.g., air 
contamination, seismic event) * 

6.8.1.3 Continuously monitor personnel radiation exposure 
levels during repository operations * 

6.8.1.4 Monitor fitness for duty of personnel performing 
safety-related work * 

6.8.2 Continuously monitor conditions that may impact radiological 
exposures, releases and/or containment during repository 
operations * 

6.8.3 Inspect, test and maintain monitoring facilities and equipment 
0 

6.8.4 Verify geologic repository and engineered barrier design data 
and assumptions during repository operations * 

6.9 Remove any/all waste from underground facility during repository waste 
handting operations (as required) 

6.9.1 Obtain authorization to remove waste from emplacement location 

and/or from underground facility * 

6.9.2 Identify Location of waste to be removed

5

4 131(b)(6)8 

4.  

4 71(b) 

4 131Mb)(8) 
132(c)(2) 

4 131(a)(4) 
131(a)(6) 
131(b)(8) 
132(c)(2) 

4 131(a)(4) 
131(a)(6) 
132(c)(2) 

4 131cb)I1)a 

4 131(a)(2) 
21(c)C7)( 

4 162 

4 131(b)(8) 

4 131(b)(6)2 

4 137 

2 111(b) 
131(b)(7)l 
132(a)a 
133(€)0 

4 43Cb)(6)2 

4 71(b)

21(c)(15)(v)a 

21(c)(10) 

21(c)(7) 

21Cc)(7)U 

21(c)(7)a 

111Ma)U 

160

21(c)C15)(v)a

SuLbpart F 

21(c)(12)A 
"46Ca()1)U 
135(b)(3)U 

21(c)C12)A 

21(c)(10)A

A-21
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6.9.3 Prepare ecptacement drifts for reentry to urderground facility 
for waste removal operations (e.g., cool, stabilize (if 
required)) * 

6.9.4 Verify access entry point location before providing access to 
waste in underground facility during waste removal operations 
# 

6.9.5 Provide access to waste disposal package opening/Location in 
underground facility during waste removal operations * 

6.9.6 Remove physical impediments to waste disposal package removal 
from underground facility (e.g., debris, cover or plug) * 

6.9.7 Verify identity of waste to be removed from underground 
facility I 

6.9.8 Determine condition of waste disposal package prior to removal 
from underground facility during waste removal operations # 

6.9.9 Survey waste disposal package external dose rate prior to 
removal from underground facility during waste removal 
operations # 

6.9.10 Remove waste from e=placement location during waste removal 
operations * 

6.9.11 Decontaminate waste disposal package surface area(s) during 
waste removal operations (if required) # 

6.9.12 Prepare waste for intra-facility transfer during waste removal 
operations * 

6.9.13 Transfer waste to surface facility (see 6.5, Transfer waste 
Cintra-facility) during repository operations] 

6.9.14 Off-toad waste from transfer conveyance # 

6.9.15 Temporarily store waste during waste removal operations (if 
required) (see 6.4, Temporarily store waste during repository 
operations (if required)) 

6.9.16 Update inventory of empLaced waste during repository waste 
removal operations * 

6.9.17 Close waste emplacement opening following waste removal (if 
required) # 

6.9.18 Close waste access opening following waste removal operations 
(if required) # 

6.9.19 Monitor waste removal conditions that affect radiological 
health and safety during waste removal operations (see 6.8, 
Monitor repository conditions that affect radiological health 
and safety) 

6.9.20 Inspect, test and maintain waste removal operations facilities 
and ecupmpent * 

6.10 Prepare waste for off-site shipment during repository waste handling 
operations (as required) 

6.10.1 Inspect shipping cask to ensure functional capability in 
preparation for off-site shipment #

21(c)(12)A 

4 21(€)(12)2 

4 21(c)(12)A 

4 21(c)(12)A 

4 135(b)(4) 

2 152 
10CFR5O, App 1, 
Criterion X 

3 111(A)I 
133(0)2 

2 133(c)a 

3 131(b)(4)(i)0 
111(0)a 

2 21(c)(15)(v)U 

2 21C)(15)Cv)S 
132(A)U

4 

S 

5

71(b)

4 1310b)(6)0 

2 132(d) 
21(c)C12)A 

4 152

71Mb)a 

21(c)(7)M 

21(c)M7)g 

135Cb)(3)2 

21(c)012)g 

21(c)(10)A 

21(c)(15)(v)I 

71(b)0 
1350b)(3)A 
132(b)0 

IOCFRSO, App I, 
Criterion X

A-22

3 

3 

3 

3 

1 

2



6.10.2 Repair/reptace shipping cask (as necessary) for off-site 
shipment # 

6.10.3 Prepare shipping cask for shipment * 

6.10.4 Unload waste from intra-facility transfer conveyance * 

6.10.5 Inspect and test waste in preparation for off-site shipment 

6.10.6 Refurbish waste, as required, in preparation for off-site 
shipment * 

6.10.7 Assembte transportation package (shipping cask with waste) in 
preparation for off-site shipment # 

6.10.8 Load transportation package onto transportation vehicte for 
off-site shipment (if required) # 

6.10.9 Conduct externat inspection/survey of comptete off-site 
transportation vehicte * 

6.10.10 Monitor conditions during preparation for off-site shipment 
that affect radiotogicat health and safety (see 6.8, Monitor 
repository conditions that affect radiotogicat health and 
safety) 

6.10.11 Update inventory of geotogic repository waste upon off-site 
shipment * 

6.10.12 Inspect, test and maintain receiving operations faclities and 
equipment * 

6.11 Ctose and decommission repository 

6.11.1 Close underground facitlity (as authorized) 

6.11.1.1 Decontaminate underground facilities and equipment 
(if required) * 

6.11.1.2 Remove underground facflities (ptumbing, HYAC, 
etc.) and equipment (as appropriate) C 

6.11.1.3 Remove hazardous and potentfally corrosive 
materlats from the underground facility * 

6.11.1.4 Instatt, catibrate and test subsurface postctosure 
monitoring equipment (as apptlcabte) * 

6.11.1.5 Examine performance capabiltty of seats/backfills 
and monitoring equipment previously eaptaced * 

6.11.1.6 Repair/reptace previously eamptaced seats and/or 
backfilt and monitoring equipment (as required) C 

6.11.1.7 Emptace emplacement opening/Location packing, 
backfill and/or cover (or plug as required) # 

6.11.1.8 Verify readiness for final ctosure # 

6.11.1.9 Seat and/or backfltl drifts and rooms (if 
required) #

21 (c)( 12)A 

21(C)C15)(v)a 
132(a)2 

152 

132(a)I 

132(a)9 

132(a)8 

152 
IOCFR50, App U, 
Criterion XIII 

71(b) 

131(b)(6)0 

21(c)(11)8 
21(c)(15)CvN)U 
132(e)G 

21(c)(11)A 
21(c)(15)(vil) 

21(c)CI1)5 
21(c)(15)(vM)U 

21(c)(11)8 
21(c)(15)(vi)O 

21(c)(11)a 
21(c)(15)(viO) 

51(S)(I) 
21(c)(11)A 
21(€)(15)(vi)s 

152 

21Cc)(11)a 
21Cc)(15)(vO)O 

21(c)C11)1 
21(c)(15)Cvi)9 

21(c)(11)8 
21(€)Ct5)(vi)l 

21(c)C11)G 
21(c)(15)(vi)8

132(d)8 

21(c)(12)A 

IOCFRSO, App B, 
Criterion X 

132(d)M 

132(d)B 

132Md)l 

21Cc)(7)B 
111(a)a 

21(c)(10)A 

21(c)(15)(v)A 

51(a)(1)0 
I1(a)(2)2 

51(a)(0)2 

51(a)(0)2 

51(a)(4)1 

51(a)(4)0 

51(a)(4)1 

51(a)(04) 

IOCFR50, App B, 
Criterion X 

510s)(4)0 

51(a)(4)0 

51(a)C()0 

S1(a)(4)0

A-23

4 

2 

2 

1 

3 

3 

3 

2 

1 

2 
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2 

2 

1 
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6.11.1.10 Emptace drift seat(s) (if required) # 

6.11.2 Close shafts, ramps, borehotes, and other access openings 

6.11.2.1 Install, calibrate, and test subsurface 
postctosure monitoring equipment (as applicable) 

6.11.2.2 Seal unused piping or conduits to underground 
facility (if required) # 

6,.11.2.3 Backfill and close shafts, ramps, and other access 
openings, and emptace seaLs * 

6.11.2.4 Emplace closure seals for borehoLes and other 

openings * 

6.11.3 Decontaminate and dismntle surface facilities 

6.11.3.1 Decontaminate surface facilities (as necessary) I 

6.11.3.2 Install, calibrate, and test surface postcolsure 
monitoring equipment (as applicable) * 

6.11.3.3 Dismantle and dispose of unneeded surface 
facilities (when decontamination is complete) # 

6.11.3.4 Consolidate and transfer contaminated equipment 
and materials 0 

6.11.3.5 Dispose of contaminated equipment and materials 
during closure operations (as authorized) C 

6.11.3.6 Erect surface monuments/markers * 

6.11.3.7 Return site to natural ecological system following 
closure and decommissioning C 

6.11.4 Inspect, test and maintain closure and decommissioning 
facilities and equipment C 

6.12 Perform configuration management for waste disposal operations system 
elements # 

6.13 Implement a quality assurance program for waste disposal operations C 

6.14 Maintain and secure geologic repository waste disposal records and 
reports * 

6.15 Contain and dispose of any hazardous (nonradioactive) effluents 
resulting from waste disposal operations #

1 21(c)(10)8 
21(c)(15)(vi)a 

1 1348 
21(c)(11)8 
21(c)(15)(vi)8 

4 51(s)(1) 
1348 
51(a)(1) 
21COC)11)8 
21(c)(15)(vCi) 

1 1342 
21(c)(11)8 
21(c)(15)(vi)l 

1 1348 
21(c)(11)8 
21(c)(15)(vi)8 

1 1341 
21Cc)C1I)A 
21(C)C15)(Cv)8 

3 132(e) 

3 132(C) 

4 51(s)(1) 
132(e)

132(e) 

132(d) 

51(a)(2)(i) 

131Mb)(6)U 

IOCFR, App I, 
Criterion III 

152 

71

51Ca)C4)a 

51(sCa)Q8 

S1(a)C4)g 

51C)(4)8 

51Ca)C4)8 

51(Ca)(4 

21€)(C11)8 
21(c)CIS)Cvi)8 

21(c)(11)g 
2l(€)(15)Cvi0) 

21Cc)(11)8 
21(cOCI)(5vi) 

132(d) 

21C() (8) 

21(c)(15)(v)8 

46(a)C5)8 

"44 Cb) 
150 
151 

21(C)C10)

A-24
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CONSTRAINTS 

6.16 Limit personnel radiation exposure during waste disposal operations 2 111(a) 21(c)(7)a 
131(a) 21(c)(9)a 
132(c) 

6.16.1 Limit personnel radiation exposure during normal waste 2 111(a) 21(c)(7)1 disposal operations 131(a) 21(c)19)a 
132(c) 

6.16.1.1 Limit radiation level of waste contained in waste 2 111(a) 211c)(7)a disposal package # 131(a) 21Cc)c9)4 
132(c) 

6.16.1.2 Limit external radiation level of waste disposal 2 111(a) 21(c)(7)I 
package # 131(a) 21(c)(9)2 

132(c) 

6.16.1.3 Attenuate radiation from waste or disposal package 2 111(a) 21C1)17)a 
U 131(a) 21(c)(9)4 

132Cc) 
6.16.1.4 Limit personnel time and proximity to radiation 3 111(a) 21(c)(7)1 

sources U 131(a) 21(c)(9)a 
132Cc) 

6. 16.1.5 Limit personnel radfonuctlide Ingestion during 2 111(a) 21(17)a 1 
waste disposal operations # 131(a) 21(c)(9)4 

1321c) 
6.16.2 Limit personnel radiation exposure during waste disposal 4 111(a) 211)(7)G1 unsafe/emergency conditions 131(a) 21(c)(9)4 

132Wc) 

6.16.2.1 Stop releases at the source (during waste disposal 4 111(a) 21Cc)7)U1 
operations) # 131Ca) 21(c)(9)2 

132(C) 

6.16.2.2 Limit spread of contamination during waste 4 111(a) 21(c)(7)1 
disposal operations # 131(a) 211c)19)8 

132Cc) 
1330g)(1) 

6.16.2.3 Decontaminate in event of release during waste 4 111(a) 211c)(7)I 
disposal operations # 131(a) 21(c)(9)a 

132(c) 

6.16.2.4 Limit radiation Level during waste disposal e 111(a) 21(c)(7)U 
unsafe/emergency conditions # 131(a) 21(c)(9)4 

132(c) 

6.16.2.5 Imptement worker evacuation plan as appropriate # 4 111(a) 21Cc)17)( 
131(a) 211c)19)A 
132(c) 

6.17 Limit releases of radionuclides to the general environment during waste 2 111(a) 132(M) 1 disposal operations 132(b) 

6.17.1 Limit planned radionuclide release rate during waste disposal 2 111(a) 132Mc) 1 
operations 132(b) 

6.17.1.1 Monitor radornuctlde releases during waste 4 111(a) 132Cc) 1 
disposal operations 9 1320b) 

6.17.1.2 Reduce radionuclide releases during waste disposal 4 111(a) 132(c) 1 
operations if an unsafe condition exists # 132(b) 
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6.17.2 Minimize Likelihood of accidental releases of radionuclides 
during waste disposal operations # 

6.17.3 Limit consequences of accidental radionuctide releases during 
waste disposal operations 

6.17.3.1 Reestablish control of radioactive material at the 
source In event of accidental release i 

6.17.3.2 Limit spread of contamination in event of 
accidental release (if possible) 9 

6.17.3.3 Decontaminate in event of accidental release (if 
possible) # 

6.17.3.4 Implement worker/plAbtic evacuation plan as 
appropriate in event of accidental release I 

6.18 Limit radiation level in the unrestricted area due to waste preparation 
operations # 

6.19 Prevent nuclear criticality during waste disposal operations * 

6.20 Protect waste disposal package from damage during repository operations I 

6.21 Maintain chemical and physical properties of emplacement opening 
backfill during repository operations (if used) # 

6.22 Maintain e=placement opening/location mechanical stability during 
repository operations I 

6.23 Maintain the stability of the underground access facilities and 
emplacement openings/locations during waste removal operations I 

6.24 Protect waste disposal package from potentially damaging stress during 
removal (e.g., thermal shock, excessive force) * 

6.25 Maintain chemical and physical properties of waste emplacement 
packing/backfitL/seal(s) during closure * 

6.26 Maintain chemical and physical properties of closure backfill/seats 
during closure * 

6.27 Limit secondary effects of mine and industrial hazards during 
repository waste disposal operations, closure and decommissioning that 
adversely affect safety or Isolation * 

6.28 Isotste underground waste operations air from construction areas during 
concurrent operations # 

6.29 Ensure operability of repository general purpose (non-waste handling) 
facilities and equipment * 

6.30 Ensure the stability of repository general purpose (non-waste handling) 
surface facilities under local foundation conditions * 

6.31 Ensure the ability of repository general purpose (non-waste handling) 
facilities and equipment to perform their intended functions under 
naturally induced conditions and events (e.g., weather, seismic 
activity) *

2 111(a) 
132(b) 
131(b)(1)-010) 

4 111(a) 
132(b) 

4 111(a) 
132(b) 

4 111(a) 
132(b) 
133(g)(1) 

4 111(&) 
132(b) 

4 111(a) 
132(b) 

2 111(a) 
132(b) 
132(c)(1) 

2 131(b)(7) 

2 135(a)(2) 
1OCFR50 
App B, IXXiII 

I 133(a)S 
133(h)2 

1 133(e) 

4 133(e)

132(c) 

132Cc) 

132(c) 

132(c) 

132(c) 

132(c) 

131(b)(0)2 
21 M)()MG 
21(C)(9)S 

135(b)(3) 

133C i)A 

131 b)(9) 

131(b)(9)

2 21(c)(12)A

I 21(c)C11)a 
21(C)(15)(vi)n 

1 1342 
21(c)(11)8 
21Cc)(15)(vi)9 

4 131(b)C9)

4 133Cg)(3) 

4 1310b)(6) 

4 131Cb)(1) 

4 131(b)(1)

51(a)(C)0 

51ca)(4)8 

133(a)(2)4

21(C)CIS)(v)Q
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6.32 Ensure the ability of repository general purpose (non-waste handling) 
surface facilities and equipment to perform their Intended functions 
under conditions and events induced by human activity * 

6.33 Ensure operability of repository facilities and equipment Important to 
safety or Isolation* 

6.34 Ensure the stability of repository surface facilities important to 
safety or isolation under local foundation conditions * 

6.35 Ensure the ability of repository facilities and equipment important to 
safety or Isolation to perform their Intended functions under naturally 
induced conditions and events (e.g., weather, seismic activity) * 

6.36 Ensure the ability of repository facilities and equipment important to 
safety or Isolation to perform their intended functions under 
conditions and events induced by human activity * 

6.37 Ensure fitness for duty of personnel certified for repository 
operations that are Important to safety or Isolation # 

6.38 Ensure stability of underground access facilities # 

6.39 Limit alterations of the geologic media that adversely affect 
performance 

6.39.1 Limit alterations of existing discontinuities that adversely 
affect performance (preferential pathways to or between 
aquifers)* 

6.39.2 Limit creation of new discontinuities that adversely affect 
performance (preferential pathways to or between aquifers) ' 

6.39.3 Limit proximity of openings to preferential pathways ' 

6.39.4 Limit adverse effects on geochemistry' 

6.40 Limit proximity of waste emplacement openings/locations to fault or 
fracture zones #

4 21(C)C3)I 
31(a)(6)8 

1 131(b)(6) 

I 131(b)(1) 

1 131(b)C1)

1 112 
21(c)(3) 

4 162 

4 133(e) 
131(b)(1) 

1 133(f) 

1 133(f) 

1 133(f) 

1 21C()(1)(i)8 

I 21(c)(1)(i)(E)l 
21(C)(1)(i)(F)9 

I 21(c)(1)(i)(A)a

131(b)(6)8 
21(b)(3)8 
21 b) (4) 

21(c)(15)(v)U

133(a) 
133(e)(1) 
21(b)(3)9 
21Cb)(4)U 

160 
21(c)(15)(Iii)9 

133(a) 
131(b)(9) 

133(b) 

133(b)9 
133(h)l 

133 (b)8 
133(Oh8 

133Cb)9 
133(h)0
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GENERIC SYSTEM ELEMENTS 

6.41 Waste disposat operations generic system elements 

6.41.1 General purpose (non-waste handling) facilities and equipment 
for repository disposal operations 

6.41.1.1 Surface generat purpose (non-waste handling) 
facilities and equipment for repository operations 

6.41.1.1.1 iAqueous and non-aqueous surface 
fire protection facilities and 
equipment for disposal operations * 

6.41.1.1.2 Surface facilities and equipment 
for emergency surface/subsurface 
escape/rescue during disposal 
operations * 

6.41.1.1.3 General purpose facilities and 
equipment (e.g., acministrative, 
training, computer, tab) for 
disposal operations ** 

6.41.1.1.4 Repository surface facilities and 
equipment for vehicle service and 
maintenance ** 

6.41.1.1.5 Ventilation and air conditioning 
for general purpose repository 
surface facilities ** 

6.41.1.1.6 Emergency Lighting for general 
purpose repository surface 
facilities # 

6.41.1.1.7 Surface facilities, equipment, 
spares and material for repository 
general purpose facility and 
equipment maintenance during 
disposat operations * 

6.41.1.2 Underground generat purpose (non-waste handling) 
facilities and equipment for repository operations 

6.41.1.2.1 Personal air si.pptyCfes) for 
underground emergencies O 

6.41.1.2.2 Undergrou.nd emergency escape/rescue 
routes and refuges # 

6.41.1.2.3 Equipment for underground emergency 
escape/rescue # 

6.41.1.2.4 Aqueous and non-aqueous underground 
fire protection facilities and 
equipment * 

6.41.1.2.5 Nine water control (if required) 

6.41.1.2.5.1 Underground 
facility mine 
water control (If 
required) # 

6.41.1.2.5.2 Nine water 
handling In access 
openings (if 
required) #

4 131Mb)2 
21(€)C15)(v)9 

4 1310b)A 
21Cc)C1S)Cv)9 

4 131(b)C3)Ciii) 
131(b)(3)(iv)

4 131(b)(9)

4 1522 
1619

1529 
1619 

1522 
1612

131(b)()(10i)

21(C)C15)Ci)9

4 131(b)OH)I

4 131(b)(6)8 

4 131(b)0 
21(0)015)(v)2 

4 133(v)(2) 
131(b)(9) 

4 1310b)(9) 

4 131(b)(9) 

4 131(b)(9) 
131(b)(3)(111)

4 

4

133(d) 

133(d)

21(c)(15)(v)8 

1529 
161a 

131(b)(4)(10)2 

131(b)(4)Cii)2 

133(a)(2) 

131(b)(9) 

131(b)(9)

4 133Cd)
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6.41.1.2.5.3 Nine water 
disposae 
facitities and 
equipment (if 
required) **

6.41.1.2.6 Underground ventitation and air 
conditioning

5 

4 133Cg)

Ventilation and 
air conditioning 
for underground 
waste operations * 

VentiRation and 
air conditioning 
for underground 
caretaker and 
waste retrieval 
operations * 

Ventilation and 
air conditioning 
for underground 
facitlity closure 
operations *

4 133(g)C2) 

4 133Cg)C2)

4 133(g)

6.41.1.2.7 Underground administrative facitlity 
0* 

6.41.1.2.8 Urderground general purpose support 
facitities and equipment ** 

6.41.1.2.9 Emergency lighting for general 
purpose underground facilities # 

6.41.1.2.10 Surface facilities, equipment, 
spares and materiat for repository 
general purpose facility and 
equipment maintenance during 
disposal operations * 

6.41.1.3 Surface-subsurface common general purpose (non
waste handtlng) facititles and equipment for 
repository operations 

6.41.1.3.1 On-site repository utility and 
communications facilities and 
equipment

5 

5

4 131(b)(5)2 

4 131Cb)(6)2 

4 131(b)M 

4 131(b)(5)

21C0)(15)(v)0 

21(b)(1)0 
21(c)(15)(v)2

Interfaces with 
utilities from 
off-site sources * 

Repository on-site 
normat etectrical 
power distribution 
facilities and 
equipment 9 

Standby etectrical 
power sources and 
power distribution 
facititfes and 
equipment for 
repository 
operations 
important to 
safety #

4 131Cb)(5)G 

4 131(b)5)C) 

2 131(b)(5)Cii) 
131(b)C5)(Cfi)
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6.41.1.3.1.4 

6.41.1.3.1.5 

6.41.1.3.1.6

Uninterruptabte 
power source(s) 
(e.g.. for 
repository 
instrumentation, 
alarms, 
communications, 
and lighting 
important to 
safety) # 

,Emergency lighting 
for repository 
surface-subsurface 
common facil ities 
# 

Repository 
surface-subsurface 
water distribution 
facilities and 
equipnent * 

Repository sewage 
cot tection, 
treatment, and 
disposal 
facilities and 
equipment ** 

Interfaces with 
conmmunicatiors 
from/to off-site 
sources * 

On-site repository 
conmmnications 
network facilities 
and equipment *

5

4 131Cb)C4)(ii)U 

4 131(b)(4)Ci0)0

6.41.1.3.2 Facilities and equipment to verify 
geologic repository design data and 
assumptions * 

6.41.1.3.3 Facilities, equipaent, spares arid 
materalt for surface-subsurface 
common facility and equipment 
maintenance during disposal 
operations * 

6.41.1.4 Industrial waste disposal. for the geologic 
repository** 

6.41.2 Repository generic system elements to receive waste 

6.41.2.1 Repository facilities for waste receiving 
operations 

6.41.2.1.1 Repository facilities for complete 
external Inspection/survey of off
site transportation vehicle (e.g., 
railcar, truck) 6 

6.41.2.1.2 Repository demurrage area for 
raitcars/trucks carrying waste #

4 137

4 131(b)(6)2 21(C)(1S)(v)l

5

2 21(b)(2)2 
21(c)(S)a 

2 21(b)M2)G 
21(c)(5)l 

4 21(b)(4)2 

5
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6.41.2.1.3 Repository facility for off-Loading 
transportation package/waste from 
transportation vehicle 9 

6.41.2.1.4 Repository holding facility and 
yard for off-Loaded raitcars/trucks 

6.41.2.1.5 Radfation-controtted repository 
facility for removing waste from 
transportation package * 

6.41.2.1.6 Radiation-controtted repository 
facility for waste inspection and 
test in receiving operations * 

6.41.2.1.7 Repository facility for Loading 
waste for Intra-facility transfer 
from receiving * 

6.41.2.1.8 Ventilation and air conditioning 
for repository waste receiving 
facitities ' 

6.41.2.1.9 Facitity for maintenance of 
repository waste receiving facility 
and equipment # 

6.41.2.2 Equipment for repository waste receiving 
operations 

6.41.2.2.1 Repository equipment for off-site 
transportation vehicle maintenance 
(e.g., raiLcars, trucks) # 

6.41.2.2.2 Repository equipment for off
loading transportation 
package/waste from off-site 
transportation vehicle i 

6.41.2.2.3 Repository equipment for removing 
waste from transportation package 
in receiving operations # 

6.41.2.2.4 Repository equipment for waste 
Inspection and test during 
receiving # 

6.41.2.2.5 Repository equipment for loading 
waste for Intra-facltity transfer 
from receiving # 

6.41.2.2.6 Computational capabiLtity for 
repository waste receiving 
operations * 

6.41.2.2.7 Equipment for repository waste 
receiving rediotogicat 
unsafe/emergency conditions * 

6.41.2.2.8 Equipment, spares and material for 
maintenance of receiving operations 
facitlties and equipment ** 

6.41.2.3 Software for repository waste receiving operations 
(e.g., Inventory, process control, monitoring) *

2 132Ca)U 

2 132(a)l

3 152 
131(b) (6)

132Ca)S 
43(b)(0)2

2 132I ) 

3 132(b)

4 131(b)C6)Q 

2 21c)C5) 
21(b)(2)2 
71.(a)(4)3 

4 21(b)CI)U 

2 132C&)2 

2 132Ca)9 

4 1522 
IOCFR5O 
App 8, X 

2 132(e)U 

4 21(b)C2)U 
21C€)(S)U 

4 131 b)(4) 

4 131(b)(6)2 

4 71(b)M

21(c)(15)(v)2 

132(a)U 
71(b)l

131(b)(6)0 

7lCb)I 
132Ce)U

21Cc)C1S)(v)U 

21(c)(1O)B
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6.41.2.4 Trained and certified personnet for repository 
waste receiving operations 

6.41.2.4.1 Trained and certified personnel for 
handling and decontamination of 
waste in repository receiving * 

6.41.2.4.2 Trained and certified persornnet for 
inspection and testing of waste in 
repository receiving # 

6.41.2.4.3 Trained and certified personnel for 
repository waste receiving 
radiotogicat Lisafe/emergency 
conditions * 

6.41.2.4.4 Trained and certified personnet for 
repository waste receiving facility 
and equiWpent maintenance #

2 161

2

160 
21(c)(15)(iii)8 

160161

4 161 160 
1529

4 161 
131(b)(0)(ii)

4 161

160 
21(c)(9)l

160

6.41.2.5 Procedure(s) 
operations

for repository waste receiving

6.41.2.5.1 Procedure(s) for waste handting in 
receiving operations * 

6.41.2.5.2 ProcedureCs) for inspecting and 
testing of waste (upon repository 
receipt) # 

6.41.2.5.3 Procedure(s) for repository waste 
receiving radiotogical 
unsafe/emergency conditions a 

6.41.2.5.4 Procedure(s) to ensure fitness for 
duty of personnet certified for 
waste receiving operations * 

6.41.2.5.5 Procedure(s) for repository waste 
receiving facitity and equipment 
maintenance *

6.41.3 Waste tag storage generic system etementa for repository 
operations 

6.41.3.1 Faciltity for waste tag storage during repository 
operations 

6.41.3.1.1 Waste tag storage off-Load/toad 
faciltity for repository operations 
I 

6.41.3.1.2 Facility to temporarilty store waste 
during repository operations * 

6.41.3.1.3 Ventilation and air conditioning 
for repository waste tag storage 
facilities * 

6.41.3.1.4 Facitlity for maintenance of 
repository waste tag storage 
facility and equpment #

2 152 
IOCFR5O, App 3, 
Criterion V 

2 152 
IOCFR5O, App I, 
Criterion V 

4 152 
IOCFRSO, App 1, 
Criteria V. Vii, 
x 

4 152 
IOCFRSO, App 3, 
Criterion V 

4 162 
152 
IOCFRSO, App B, 
Criterion V 

4 152 
IOCFRSO, App 
*,Criterion V

2 132(a) 

2 132fa) 

2 132(M)U 

2 132(M)G

31(a)(6)0 
43(b)(6)9 

314C)C6)8 
43(b)06)8 

31 Ca(6)9 
43(b)(6)0

31(a)(6)0 
43(b)(6)0 
131(b)CO)Cii) 
21(c)(9)2 

31(a)(6)2 
43(b)(6)0 

31(a)C6)8 
430b)C6)( 
131(b)(6)0 

21(c)(12)9 
3l(a)(1)(ii)9 

21(C)(12)A 31(a)(1)(1028 
31(a)(1)(ii)9 
21(c)(12)A 

31()()ll2)

3 132(b) 

4 21(c)(1S)(v)8 
131(b)(6)I
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6.41.3.2 Equipment for waste Lag storage during repository 
operations 

6.41.3.2.1 Equipment to off-toad/toad waste 
to/from transfer conveyance in 
repository waste Lag storage # 

6.41.3.2.2 Handling equipment for waste tag 
storage # 

6.41.3.2.3 Equipment to support waste disposal 
packages in repository Lag storage 
# 

6.41.3.2.4 Monitoring equipment for waste in 
repository tag storage # 

6.41.3.2.5 Computational capabitity for waste 
Lag storage operations * 

6.41.3.2.6 Repository equipment for waste tag 
storage radiotogicat 
unsafe/emergency conditions * 

6.41.3.2.7 Equipment, spares and material for 
maintenance of repository lag 
storage operations facilities and 
equipment 

6.41.3.3 Software for waste lag storage (e.g., inventory, 
process control, monitoring) during repository 
operations * 

6.41.3.4 Trained and certified repository personnel for 
waste tag storage 

6.41.3.4.1 Trained and certified personnel for 
waste handling in repository lag 
storage 

6.41.3.4.2 Trained and certified personnel for 
inspection of waste received for 
repository Lag storage * 

6.41.3.4.3 Trained and certified personnel for 
waste tag storage radiotogicat 
unsafe/emergency conditions during 
repository operations 

6.41.3.4.4 Trained and certified personnet for 
repository tag storage facility and 
equipment maintenance # 

6.41.3.5 Procedure(s) for repository tag storage 

6.41.3.5.1 Procedure(s) for waste handling in 
repository tag storage * 

6.41.3.5.2 Procedure(s) for inspection of 
waste disposal package received for 
repository tag storage * 

6.41.3.5.3 ProcedureCs) for waste tag storage 
radiotogical unsafe/emergency 
conditions during repository 
operations *

2 132(a) 74(Ca)(C4)9 

2 132Ca)9 
740a)(0)2 

2 132Ca); 
74Ca)C4);; 

2 132Ca); 
74(a)(4)2 

4 132C()C2)9 
21(c)C?)9 

4 710b)A 

4 131(b)M4)(ii); 
131(a)(6)0 

4 131(b)(6)2 

4 71(b)

2 

2

161 

1619

4 161 

4 161 

4 161 

2 152 
IOCFRS0, App B, 
Criterion V 

2 152 
IOCFR5O, App 9, 
Criterion V 

4 152 
IOCFRSO, AppB, 
Criteria V, X 

4 152 
IOCFR5O, App 9, 
Criterion V

21(c)(12)A 
31(a)C1)(0I)0 

31(i)C1)Cii);; 

31(a)C1)Ci1);; 

31(a)(1)Ci i); 

131(b)CS)l 

21Cc)( 10)9 

21Cc)C9);; 

21(c)(15)(v)l 

21(c)CIO)g 

160 
21(c)C1S)C11i)9 

160o 
21(c)(15)(Ci i) 

160 
21(c)C15)(Ii);; 

160 
21C€)(1S)Ciii)M 
21(c)9)(9 

160 
21(c)(15)Cii);; 

43(b)(6)0 
31Ca)C6)9 

43Cb)(6)2 
31(a)(6)0 

43(b)(6)8 
31(a)C6)0 

43(b)(6); 
31(a)C6)2 
21(c)(9)9
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6.41.3.5.4 Procedure(s) for waste tog storage 
facility and equipment maintenance 
during repository operations 9 

6.41.3.5.5 ProcedureCs) to ensure fitness for 
duty of personnel certified for 
waste Lag storage operations *

6.41.4 Waste transfer generic 
operations

system etements for repository

6.41.4.1 Repository facilities for waste transfer 

6.41.4.1.1 Repository on-site waste transfer 
network (e.g., roads, railways, 
traffic controls) # 

6.41.4.1.2 Repository parking/staging area for 
waste transfer conveyances N 

6.41.4.1.3 VentiLation and air conditioning 
for repository waste transfer 
facilities * 

6.41.4.1.4 Repository facility for maintenance 
of waste transfer facilities and 
equipment #

4 152 
IOCFRS0, App 1, 
Criterion V 

4 152 
IOCFRSO, App I, 
Criterion V 
162

4 132Cb)9 
131Mb)(7)A 
135Mb)M3)G 
111Gb)8 
122(b)(54) 

4 132Cb)8 
131(b)(7)l 
131(b)(3)8 
111(b)9 
122Cb)(5)8 

4 ...  

5 

3 132(b) 

4 131(b)(6)8

6.41.4.2 Waste transfer equipment 2 132(b)9 
131(b)C7)2 
131(b)C3)2 
1110(b) 
122Cb)C5)8

43Cb)C6)9 
31(a)(6)2 
131(b)(6)0 

43(b)(6)9 
31(a)(6)2 

132(6)9 
21(c)(12)U

132(o)9 
21(c)C12)A

21(C)(15)Cv)8 

132(a)a 
21Cc)C12)9

6.41.4.2.1 Waste transfer conveyance(s) 9 

6.41.4.2.2 Equiptment for Loading waste 
disposal package coqonents for 
intra-facitlty transfer * 

6.41.4.2.3 Coqoptatonalc capability for waste 
transfer * 

6.41.4.2.4 Equipment for waste transfer 
radfologicat unsafe/emergency 
conditions * 

6.41.4.2.5 Equipment, spares and material for 
maintenance of waste transfer 
equilpnent #

2 132(b)0 
131(b)(7)4 
131(b)(3)l 
111(b)9 
122(b)(SC) 

4 1359 
113(a)(1)Cii)(A)9 

4 71b) 

4 131(b)(4)(ii)8 
131(a)(6)0 

4 132(b)9 
131M(b)(7) 
131(b)(3)S 
111(Cb) 
122(b)(C)4 
21(005)(0v)

A-34

I I

I 

1

2

2

I

2

2

132CM)9 
21MOc)12)9

2

2 

1 

2 

2

21Cc)C10)Q 

21Cc)C9)2 

132(a)9 
21Cc)C(2)0

I! I I



6.41.4.3 

6.41.4.4

6.41.4.5

6.41.S Waste eopLac

6.41.4.2.6 Equipment, spares and materiat to 
maintain waste transfer network # 

Software for waste transfer operations (e.g., 
Inventory, monitoring) * 

Trained and certified personnel for waste transfer 

6.41.4.4.1 Trained and certified waste 
transfer conveyance operators ' 

6,.41.4.4.2 Trained and certified personneL for 
radiologicat emergency conditions 
during waste transfer * 

6.41.4.4.3 Trained and certified personnel for 
waste transfer facitity and 
equipment maintenance # 

6.41.4.4.4 Trained and certified personnel for 
waste transfer network maintenance 
P 

Procedure(s) for waste transfer 

6.41.4.5.1 Procedure(s) for waste transfer 

conveyance operation * 

6.41.4.5.2 Procedure(s) for waste transfer 
radiotogicat unsafe/emergency 
conditions * 

6.41.4.5.3 Procedure(s) for waste transfer 
equipment maintenance 9 

6.41.4.5.4 Procedure(s) for waste transfer 
network maintenance # 

6.41.4.5.5 Procedure(s) to ensure fitness for 
duty of personnel certified for 
waste transfer operations * 

cement generic system elements

6.41.5.1 Facititles for waste eopLacement operations 

6.41.5.1.1 Access to waste opLacement 
opening/Location (e.g., shafts, 
ramps, drifts) * 

6.41.5.1.2 Waste eaptacement 
openingsltocatlams '

4 132Cb)8 
131(b)M7)G 
131(b)(3)8 
111(b)8 
122(b)(5)8 

4 71Mb8 

2 161 

2 1619 

4 1619 

4 1619 

4 1618 

2 152 
IOCFRSO, Appi1, 
Criterion V 

2 152 
10CFRSO, App B, 
Criterion V 

4 152 
IOCFR50, App 3, 
Criterion V 

4 152 
IOCFR5O, App B, 
Criterion V 

4 152 
IOCFRSO, App B, 
Criterion V 

4 152 
IOCFR50, App U, 
Criterion V 

2 21(b)(2)8 
111Cb)8 
132CM)8 

2 21(b)(2)8 
111(b)G 
132(a)2 

4 122(b)(5) 
133(e) 

1 135(b)(3)8

132(a)8 
21(c)(12)8

2

21Cc)(10)8 2 

160 z 
21(c)C15)(1iSi) 

1602 1 
21(c)(15)(iii)9 

1608 1 
21(c)C1S)CI(l)8 
21Cc)(9)8 

1606 
21Cc)(15)(Cfl)8 

1602 
2l(€)(15)Ciii)8 

43Cb)(6)8 I 
31(0)C6)8 

43(b)C6)8 I 
31Ca)C6)8 

43Cb)6)8 I 
31(e)C6)8 
21Cc)C9)8 

43Cb)C6)8 1 
31(a)(6)8 
131Cb)(6)8 

43Cb)6)8 1 
31(a)(6)8 
1310b)(6)8 

43Cb)C6)8 I 
31MCa)6)8 

1222b)(5)8 
135(b)C3)8 

122,b) 25)8 
t35(b)(3)8

I

122(b)(5)2 
131(b)(7)8 
132(A)8

2

A-35



6.41.5.1.3 Waste emplacement opening/Location 
interface with emptacement 
equipnent # 

6.41.5.1.4 Administrative facility for waste 
emplacement operations '* 

6.41.5.1.5 Ventilation and air conditioning 
for Waste emptacement facilities 
(surface and subsurface) # 

6.41.5.1.6 Facility for maintenance of waste 
emptacement facititfes and 
equipment * 

6.41.5.2 Equipment for waste emptacement operations 

6.41.5.2.1 Equipment to move waste disposal 
package from transfer conveyance to 
emptacement equipment (if required) 
#

6.41.5.2.2 Equipment to align waste disposal 
package with eaptacement 
location/opening 0 

6.41.5.2.3 Waste disposal package emptacement 
equipment U 

6.41.5.2.4 Eiptlacement opening/location 
packing and/or backfill (if 
required) # 

6.41.5.2.5 Emplacement opening/location 
backfill emptacement equipment (if 
required) # 

6.41.5.2.6 Emplacement opening/ltocatlon cover 
(or plug) # 

6.41.5.2.7 Equipment to close emptacement 
opening/location after eaptacement #

6.41.5.2.8 Computationat capabitity for waste 
emplacement operations * 

6.41.5.2.9 Equipment for waste emptacement 
radiotogicat ursafe/emergency 
conditions * 

6.41.5.2.10 Equipment for waste emplacement 
facitity, equipment and process 
inspection and testing # 

6.41.5.2.11 Equipment, spares and material for 
maintenance of emplacement 
facilities and equipment ** 

6.41.5.3 Software for waste emptacement operations (e.g..  
Inventory, process control, monitoring) * 

6.41.5.4 Trained and certified personnel, for waste 
emptacement operations 

6.41.5.4.1 Trained and certified personnel for 
waste emplacement *

2 --

5 

4 133(g)(2) 
132(b)9 

4 131(b)(6)0 

2 132Ca)9 
135(b)(3)2 

2 132Ca)G 
133(b)(3)9 

2 132Ca)9 
135(b)(3)8 

2 132(m)9 
135Mb)M3)G 

1 111(b)(2) 

4 111(b)(2)8 
142(a)O 

4 111(a)9 

4 l1l(b)C()

4 71(b)M 

4 131(b)(0)2 
131Ca)(6)9 

4 1529 
IOCFRSO, App U, 
Criterion X U 

4 131(b)(6)9 

4 71(b)0

2 161 

2 1619

21Cc)C15)(v)9

41C)a4)M 

51Ca)(4)9 
142(c)O 

131(a)(3)2 
131(a)(5)9

21(€)(10)9 

21(c)(9)2 

131(b)(6)9 

21(c)(15)(v)9 

21(c)(1019 

160 
21(C)(15)(1Ci)9 

1609 
21(C)(15)(iii)9

A-36
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6.41.5.4.2 Trained and certified personnel for 
waste emplacement facitity, 
equipment and process inspection 
and testing # 

6.41.5.4.3 Trained and certified personnel for 
waste empLacement radiotogical 
unsafe/emergency conditions * 

6.41.5.4.4 Trained and certified personneL for 
waste eirptacement facility and 
equipment maintenance # 

6.41.5.5 Procedure(s) for waste emplacement operations 

6.41.5.5.1 Procedure(s) for waste emplacement 
I 

6.41.5.5.2 Procedure(s) for waste emplacement 
radiologicat unsafe/emergency 
conditions * 

6.41.5.5.3 Procedure(s) for inspection and 
testing of waste emptacement 
facilities, equipment and process I 

6.41.5.5.4 Procedure(s) for waste emplacement 
facility and equipment maintenance 
I 

6.41.5.5.5 Procedure(s) to ensure fitness for 
duty of personnet certified for 
waste emplacement operations * 

6.41.6 Repository monitoring generic system elements (radiotogicat 
and non-rediologicat) 

6.41.6.1 Facilities for monitoring during repository 
"- operations * 

6.41.6.2 Equipment for monitoring and alarm during 
repository operations * 

6.41.6.3 Software for monitoring during repository 
operations * 

6.41.6.4 Trained and certified personnel for monitoring 
during repository operations * 

6.41.6.5 Procedure(s) for monitoring during repository 
operations * 

6.41.7 Maste removal generic system elements 

6.41.7.1 Facilities for waste removal operations 

6.41.7.1.1 Access to waste emptacement 
openings/tocations (e.g., shafts, 
ramps, drifts).*

4 1619

S1619 

4 1619 

2 152 
IOCFR5O, App U, 
Criterion V 

2 152 
IOCFRSO, App B, 
Criterion V 

4 152 
IOCFRSO, App B, 
Criterion V 

4 152 
IOCFRSO, App B, 
Criterion V, X 

4 152 
IOCFRSO, App B, 
Criterion V 

4 152 
IOCFRSO, App B, 
Criterion V 
162 

4 131(b)C()U 
132Cc)(2)9 

4 131(b)C8) 
132Cc)(2)9 

4 131(b)C8) 
132CC)(2)U 

4 71(b)Q 

4 161 
131(b)(8) 

4 31(a)C6)U 

2 111(b)9 
131(b)C7)M 
132(a)U 
133C€)9 

2 111(b)U 
131Mb)U7)A 
132Ma)U 
133Cc)9 

4 133(e)

1602 
21(c)C15)(iii)9 

1609 
21(c)(15)(Iii)S 
21(c)(9)2 

1602 
21(c)C15)(Ci1)a 

43(b)C6)U 
31(a)(6)2 

430b)(6)0 
31(a)(6)0 

430b)(6)1 
31(a)(6)2 
21(c)C9)2 

43(b)(6)Q 
31(a)C6)9 

43(b)(6)0 
31(a)(6)0 
131(b)C6)9 

43(b)(6)8 
31Ca)C6)2 

21(Cc)7) 

21(c)(7) 

21(c)(7) 

2l1()(10)U 

160 
132(c)(2) 

43Cb)O6)O 

21(c)(12)2 
46Ca)C1)9 
135(b)(3)2 

21 Cc)(12) 
46(a)(1)2 
135(b)(3)0 

122(b)(5)2 
131(b)(9)2

A-37
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6.41.7.1.2 Interface between emplacement 
opening/Iocation and waste removal 
equipment * 

6.41.7.1.3 Surface storage facility for waste 
removed from the underground 
facility * 

6.41.7.1.4 Ventilation end air conditioning 
for waste emplacement facilities 
(surface and subsurface) 9 

6.41.7.1.5 AAkinistrative facility for waste 
removal ** 

6.41.7.1.6 Facility for maintenance of waste 
removal facilities and equipment # 

6.41.7.2 Equipment for waste removal operations 

6.41.7.2.1 Equipment to excavate, muck, and 
transfer backfilt (if required) * 

6.41.7.2.2 Equipment to Locate and gain access 
to waste disposal package (if 
required) * 

6.41.7.2.3 Equipment to determine condition of 
waste disposal package * 

6.41.7.2.4 Equipment for removal of waste 
disposal package from emptaced 
location* 

6.41.7.2.5 Equipment to load/off-toad waste 
disposal package on transfer 
conveyance * 

6.41.7.2.6 Equipment for inspection of removed 
waste disposal package # 

6.41.7.2.7 Waste disposal package transfer 
conveyance # 

6.41.7.2.8 Computational capability for waste 
removal operations # 

6.41.7.2.9 Equipment for waste removal 
radiological unsafe/emergency 
condition * 

6.41.7.2.10 Equipment, spares and material for 
maintenance of emplacement 
facilities and equipment ** 

6.41.7.3 Software for waste removal operations (e.g., 
inventory, process control, monitoring) * 

6.41.7.4 Trained and certified personnel for waste removal 
operations 

6.41.7.4.1 Trained and certified personnel for 
waste removal operations * 

6.41.7.4.2 Trained and certified personnel for 
waste removal facility, equipment 
and process inspection and testing

2 21(C)C12)a 

2 132(a) 

4 133Cg)(2) 
132Cb)8 

4 131Cb)(6)8 

2 111lb)8 
21Cc)(12)2 

4 111(b)B 

4 111(b)8 

4 111(b)U 

2 111(b)M 

2 111(b)8 

2 111(b)8 

2 111(b)M 
21(C)C12)A 

4 71(b)2 

4 131(b)(4)8 
131(a)C6)8 

4 13lCb)C6)2 

4 71(b) 

2 161 
21(c)C12)8 

2 1618 

4 1618 
1528

21(c)(15)(v)8 

133(c)0 
135(b)(3)4 

133Cc)8 

133Cc)0 

133Cc)U 

133(c)8 

133(€)8 

152 
IOCFR50, App 3, 
Criterion X 

133(c)8 
135(b)(3)9 

21(c)(10)A 

21(c)C9)8 

21(c)(15)Cv)8 

21 (c)10)8 

160 
21(€)(15)(iif) 

1602 
21(c)(15)(ili)8 

1602 
21(c)(15)(iM)

A-38
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#

6.41.7.4.3 Trained and certified personnel for 
waste removal radiological 
unsafe/emergency conditions * 

6.41.7.4.4 Trained and certified personnel for 
waste removal facility and 
equipment maintenance 9 

6.41.7.5 Procedure(s) for waste removal operations 

6.41.7.5.1 Procedure(s) for removal of waste 
from emplacement opening/Location' 

6.41.7.5.2 Procedure(s) for waste removal 
radiological unsafe/emergency 
conditions * 

6.41.7.5.3 Procedure(s) for waste removal 
facility, equipment and process 
inspection # 

6.41.7.5.4 Procedure(s) for waste removal 
facilities and equipment 
maintenance # 

6.41.7.5.5 Procedure(s) to ensure fitness for 
duty of personnel certified for 
waste removal operations * 

6.41.8 Waste off-site shipment generic system elements 

6.41.8.1 Off-site shipment preparation facilities 

6.41.8.1.1 FaciLity for inspection of shipping 
cask in preparation for off-site 
waste shipment * 

6.41.8.1.2 Facility for repair/repLacement of 
shipping cask in preparation for 
off-site waste shipment * 

6.41.8.1.3 Radiation-controtled facility for 
unloading waste disposal package 
from intra-facility transfer 
conveyance # 

6.41.8.1.4 Radiation-controlled facility for 
waste disposal package inspection 
and test in preparation for off
site shipment a 

6.41.8.1.5 Radiation-controLted facility for 
refurbishment of waste disposal 
package (as required) in 
preparation for off-site shipment *

4 1618 

4 1611

1602 
21(c)(15)(iii)8 
21Cc)C9)2 

1602 
21(€)C15)(ISH)a

2 152 
IOCFR5O, App B, 
Criterion V 

2 152 
1OCFR50, App 1, 
Criterion V 

4 152 
1OCFRSO, App B, 
Criterion V 

4 152 
1OCFR50, ALp 1, 
Criteria V, X 

4 152 
IOCFR5O, App U, 
Criterion V 

4 152 
IOCFR5O, App 3, 
Criterion V 
162 

2 132(d) 
21(c)C12)8 

2 132(d) 
21(c)(12)A 

4 152 
IOCFRSO, App B, 
Criterion X 

4 --

2 21(c)(12)A 
21Cc)C15)(v)2 

4 152 
1OCFRSO, ALp I, 
Criterion X 

4 132(G)1

A-39

I 

1

21(C)C12)A 
43(b)(6)9 
31(s)(6)2 

21(c)(12)A 
43(b)(6)8 
31(s)(6)2 

21 cM(12)1 
43Cb)(6)9 
31(a)(6)9 
21(c)(9)4 

21(c)(12)2 
43Cb)(6)2 
31(s)(6)2 

21(c)(12)8 
43(b)(6)8 
31(a)(6) 
131(b)(6)2 

21(c)(12)A 
43Cb)(6)l 
31(a)(6)8 

71(b)8 
13S(b)(3)2 
132(b)2 

71Mb)a 
135Mb)C3)2 
132(b)8 

43(b)()a 
131Cb)C6)Q

132Ca)2 2

135(c) 2

132(d)1 3

I I



6.41.8.1.6 Radiation-controtted facility for 
assembling transportation package * 

6.41.8.1.7 Facility for loading transportation 
package onto waste transportation 
vehicle Ce.g., railcar, truck) # 

6.41.8.1.8 External Inspection/survey 
facilities for complete off-site 
transportation vehicle 9 

6.41.8.1.9 HoLding facility and yard for waste 
transportation vehicles # 

6.41.8.1.10 Ventilation and air conditioning 
for waste off-site shipment 
facilities and equipment # 

6.41.8.1.11 Administrative facility for waste 
off-site shipment operations ** 

6.41.8.1.12 Repository facility for maintenance 
of waste off-site shipment 
facilities and equipment # 

6.41.8.2 off-site shipment preparation equipment 

6.41.8.2.1 Equipment for inspection of 
shipping cask in preparation for 
waste off-site shipment # 

6.41.8.2.2 Equipment for shipping cask repairl 
replacement (as required) # 

6.41.8.2.3 Equipment for unloading waste 
disposal package from Intra
facility transfer conveyance # 

6.41.8.2.4 Equipment for waste disposal 
package inspection and test in 
preparation for off-site shipment I 

6.41.8.2.5 Equipment for refurbishment of 
waste disposal package in 
preparation for off-site shipment # 

6.41.8.2.6 Monitoring equipment for waste In 
preparation for off-site shipment # 

6.41.8.2.7 Equipment for assemtling 
transportation package 0 

6.41.8.2.8 Equipment for loading 
transportation package/waste onto 
waste transportation vehicle for 
off-site shipment # 

6.41.8.2.9 Equipment for external inspection/ 
survey of off-site waste 
transportation vehicle I 

6.41.8.2.10 Computational capability for off
site shipment operations * 

6.41.8.2.11 Equipment for radiological 
unsafe/emergency conditions in off
site shipment operations *

2 132(C)0 
132(d)0 

2 132Ca)8 
21(c)(12)A 

4 152 
IOCFR5O, App i, 
Criterion XIII 

5 

2 133(g)(2) 

132Cb)A 

5 

5 

2 132Cd)9 
21c)(C12)A 

4 152 
IOCFR5Oa App *, 
Criterion X 

4--

2 21(C)(12)A 
21(c)( 15)Cv) 

4 152 
IOCFR50. App *, 
Criterion X 

4 132Ca)U 

4 131(a)(6) 

2 132Ca)G 
132(d)0 

2 132Ci)9 
21(c)C12)a 

4 152 
IOCFR50, App U, 
Criterion X11! 

4 71(b)0 

4 131(b)(4)2

A-40

2135(b)(3)0 

135(b)(3)4 
132Cd)2 

21(c)(7)f 
111(a)a

71(b)M 
135(b)(3)0 
132(b)2 

43(b)(0)2 
131(b)(6)2

132(a)S 

135(c) 

132(d)8

2 

2 

3 

2 

2 

2 

2

21(c)(7)2 

135Cb)(3)8 

135(b)(3)2 
132(d)G 

21(c)C7)9 
111 Ca) 

21(c)(CI)O 

21(c)(9)4



6.41.8.2.12 Equipment, spares and material for 
maintenance of off-site shipment 
facilities and equipment '* 

6.41.8.3 Waste off-site shipment operations software (e.g., 
inventory, process control, management) * 

6.41.8.4 Trained and certified personnet for off-site 
shipment operations 

6.41.8.4.1 Trained and certified personnel for 
preparation of shipping cask for 
waste off-site shipment operations 

6.41.8.4.2 Trained and certified personnel for 
waste handling (e.g., toad/off
Loead) in off-site shipment 
operations * 

6.41.8.4.3 Trained and certified personnel for 
inspecting and testing waste 
disposal package in preparation for 
off-site shipment # 

6.41.8.4.4 Trained and certified personnel for 
refurbishment of waste disposal 
package in preparation for off-site 
shipment # 

6.41.8.4.5 Trained and certified personnel for 
off-site shipment unsafe/emergency 
conditions 

6.41.8.4.6 Trained and certified personnel for 
off-site waste shipment facility 
and equipment maintenance #

6.41.8.5 Procedure(s) 
operations

for waste off-site shipment

6.41.8.5.1 Procedure(s) for preparation of 
shipping cask for waste off-site 
shipment * 

6.41.8.5.2 Procedure(s) for waste handling 
(e.g., Load/ off-Load) in off-site 
shipment operations * 

6.41.8.5.3 Procedure(s) for Inspecting and 
testing waste disposal package in 
preparation for off-site shipment # 

6.41.8.5.4 Procedure(s) for refurbishment of 
waste disposal package in 
preparation for off-site shipment # 

6.41.8.5.5 ProcedureCs) for waste off-site 
shipment radiotogical 
unsafe/emergency conditions * 

6.41.8.5.6 Procedure(s) to ensure fitness for 
duty of personnel certified for 
waste off-site shipment operations

21(c)(15)v) 2

4 71b)

2 161 

2 161

21(€)(10)0

160 
21(c)(15)(MiA) 

160 
21(c)(15)(Cii)9 

160 
21(c)(15)Ciii)B

2 161

4 161 160 
1522

4 161 160 
21(c)C15)(Ili)9

4 161 
131Mb)C4)Cii) 

4 161 

2 152 
IOCFRSO, App I, 
Criterion V 

4 152 
IOCFRSO, App I, 
Criterion V 

2 152 
IOCFR50, App 8, 
Criterion V 

4 152 
IOCFR50, App 1, 
Criteria V, V11, 
and X 

4 152 
IOCFRSO, App 3, 
Criterion V 

4 152 
IOCFR5O, App B, 
Criterion V 

4 152 
IOCFRSO, App U, 
Criterion V

160 
21(c)(9)8

160

31(a)(6)8 
43(b)MC6) 

314C)C6)( 
430b)(6)0 

31(a)(6)0 
43Cb)(6)9 

31(a)C6)2 
43Cb)C6)2 

31Ca)C6)U 
43(b)(6)8

31(a)(6)M 
43(b)(68 
131(b)(4)UM 
21(€)(9)

31(e)C6)9 
43Cb)O6)G

A-41

2

1 

1 

1 

I 

¶

1 

I 

I 

1 

1 

1

I

I

I

4131(b)(6)
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6.41.8.5.7 Procedure(s) for waste off-site 
shipment facdiity and equipment 
maintenance # 

6.41.9 Generic sytem elements to close and decomission repository 

6.41.9.1 Repository closure and decommissioning facilities 

6.41.9.1.1 Repository backfiLL material 
processing facility (if required) * 

6.41.9.1.2 Repository seal materiat processing 
facility (if required) * 

6.41.9.1.3 FaciLity for repository equipment 
decontamination 

6.41.9.1.4 Repository equipment salvaging 
facility * 

6.41.9.1.5 Repository equipment and materiats 
storage facility * 

6.41.9.1.6 Contaminated material processing 
and package facility (if required) 

6.41.9.1.7 Decontaminated material package and 
shipment facility (if required) a 

6.41.9.1.8 Ventilation and air conditioning 
for material package and shipment 
facilities (surface and subsurface) 

6.41.9.1.9 Facility for repository postetosure 
monitoring * 

6.41.9.1.10 Repository closure and 
decommissioning acdinistrative 
facility *• 

6.41.9.1.11 Facility for maintenance of 
repository closure and 
decommissioning facilities and 
equip ment a 

6.41.9.2 Closure and decommissioning equipment and 
materils 

6.41.9.2.1 *ackfitt bulk materials and 
material processing equipment (if 
required) * 

6.41.9.2.2 UackfiLt emplacement equi pment (if 
required) a 

6.41.9.2.3 Seal bulk materials and material 
processing equipment (if required) 
a

6.41.9.2.4 

6.41.9.2.5

Seal empLacement eqUipment * 

Decontamination equipment and 
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4 152 
IOCFR50 App U, 
Criterion V 

4 21(c)(11)a 
21(c)(15)(vi)5 
132Ce)A 

4 21(c)(11)2 
21(c)(15)(vi)8 

4 21(C)C15)(vi)6 

4 21(c)(15)Cvi)a 

3 21(c)(15)(v0)8

5 

5 

3 

5 

3 

4 

5

132(d)

31Ca)6) I 
43(b)(6)8 
131(b)(6)0 

s1(a)(1) 2 
51(a)(2)2 S1(s)(4)U 

132(e)Q 2 

2 

2 

2 

21(€)(15)(vi)9 1

133Cg)C2) 
132(b)2 

51(a)C1)

4 131(b)(6)2

1 

1 

1 

1

1 

3

21(c)CI1)f 
21Cc)C15)Cvi ) 

21(C)C15)Cvi)U 

51Ca)C4)2 

134Cb)Q 

1340b) 

21(c)(15)CvI)6

1 

2

21Cc)(C1)cv)9 

132Ce)2 

2l(c)C15)(vIS) 

21(o)C15)Cvi)a 

21Cc)C15)Cvi)a

2 

2 

2 

2 

2 

2 

2

I I



materiats * 

6.41.9.2.6 Equipment for salvaging equipment * 

6.41.9.2.7 Equipment to handle butlk materials 
and salvaged equipment during 
closure * 

6.41.9.2.8 Contaminated material processing 
and packaging equipment (if 
required) * 

6.41.9.2.9 Decontaminated material packaging 
and shipment equipment (if 
required) * 

6.41.9.2.10 Computational capability for 
closure and decommissioning * 

6.41.9.2.11 Equipment for closure and 
decommissioning radolotgicat 
unsafe/emergency conditions * 

6.41.9.2.12 Equipment for postclosure 
monitoring * 

6.41.9.2.13 Equipment, spares and material for 
maintenance of closure and 
decommissioning equipment * 

6.41.9.3 Closure and decommissioning software (e.g., 
inventory, process controL, monitoring) * 

6.41.9.4 Trained and certified personnel for closure and 
deconmissioning 

6.41.9.4.1 Trained and certified personnel for 
backfill material processing * 

6.41.9.4.2 Trained and certified personnel for 
backfiLL emplacement * 

6.41.9.4.3 Trained and certified personneL for 
seal materiaL processing * 

6.41.9.4.4 Trained and certified personnet for 
seats emptacement * 

6.41.9.4.5 Trained and certified personneL for 
emptaced backfill and seat 
Inspection and testing 0 

6.41.9.4.6 Trained and certified 
decontamination personneL t 

6.41.9.4.7 Trained and certified personnel for 
equipment salvaging * 

6.41.9.4.8 Trained and certified personneL for 
contaminated material packaging and 
shipping * 

6.41.9.4.9 Trained and certified personnel for 
decontaminated material packaging 
and shipping * 

6.41.9.4.10 Trained and certified personnel for 
closure and decommissioning 
radiological uinsafe/emergency

5 

5 

3 21(c)C15)Cvl)1 

4 711b)1 

4 131Cb)C4)8 
131(a)(6)0 

4 51(sa)(1) 

4 131(b)(6)2

4 71(b) 

1 161 
21(c)(11)0 

1 1612 

1 1611 

1 1615 

1 1611 

4 1611 
152

3 

S

1618

3 1619

21(c)(10)1 

21(c)(9)G 

21(c)(lS)(v1)9 

21(c)CIO)2 

160 
21Cc)C15)Ciii)1 

1601 
21(c)C1S)C111)8 

1601 
21(€)(15)(i !)8 

1601 
21(c)(15)(Cii)a 

1601 
211c)(15)(Mii)l 

1601 
21C)1S5)(aii)l 

1601 
21C)CISH)I1) 

1601 
21(c)(15)(iMi)a

5

4 1611 1601 
21CO)C15)Ci1i)8 
21€c)C9)2
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conditions *

6.41.9.4.11 Trained and certified personnel for 
post-closure monitoring * 

6.41.9.4.12 Trained and certified personnel for 
closure and decommissioning 
facilities and equipment 
maintenance * 

6.41.9.5 Procedure(s) for closure and decommissioning 

6.41.9.5.1 Procedure(s) for backflit material 
processing (if required) ' 

6.41.9.5.2 Procedure(s) for backfitl 
emplacement * 

6.41.9.5.3 Procedure(s) for seal materiat 
processing (If required) ' 

6.41.9.5.4 Procedure(s) for seal empLacement * 

6.41.9.5.5 Procedure(s) for Inspection and 
testing of emptaced backfill and 
seats * 

6.41.9.5.6 Procedure(s) for decontamination' 

6.41.9.5.7 ProcedureCs) for equipment 
satvaging * 

6.41.9.5.8 Procedure(s) for contaminated 
materlat processing and packaging 
during closing and decommissioning

6.41.9.5.9 Procedure(s) for decontaminated 
material packaging and shipping 
during closure and decommissioning 

6.41.9.5.10 Procedure(s) for closure and 
decommissioning radiological 
unsafe/emergency conditions* 

6.41.9.5.11 Procedure(s) for postcLosure 
monitoring * 

6.41.9.5.12 Procedure(s) for closure and 
decommissioning equipment 
maintenance * 

6.41.9.5.13 Procedure(s) to ensure fitness for 
duty of personnel certified for 
closure and decommissioning 
operations *

4 1619 

4 1612

1609 
21(c)(15)(1ii)8 

160a 
21(C)CIS)CIii)

1 152 
IOCFRSO, App U, 
Criterion V 

1 152 
IOCFRSO, App •, 
Criterion V 

1 152 
IOCFRSO, App I, 
Criterion V 

1 152 
IOCFRSO, App I, 
Criterion V 

1 152 
IOCFRSO, App 3, 
Criterion V 

4 152 
IOCFR5O, App B, 
Criterion V 

3 152 
IOCFRSO, App 9, 
Criterion V 

5 

3 152 
IOCFRSO, App 1, 
Criterion V

5

4 152 
IOCFRSO, App I, 
Criterion V 

4 152 
IOCFR5O, App B, 
Criterion V 

4 152 
IOCFR50, App I, 
Criterion V 

4 152 
IOCFRSO, App B, 
Criterion V 
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I I

1 

¶

21(c)(11)A 
31(C)C6)9 
43(b)(6)8 

21(c)(11)0 
31(a)(6)M 
43(b)(6)9 

21(c)(11)0 
31(a)(6)9 
43(b)(6)0 

21(c)(11)8 
31 (a)(6)0 
43(b)(6)0 

21(c)(11)8 
31(a)C6)U 
43(b)(6)0 

21(c)(11)0I 
31(a)(6)2 
43(b)(6)0 

21(c)(11)A 
31(a)(6)2 
43(b)(6)8

21(C)(11)9 
31(a)(6)0 
43(b)(6)0

I

21(c)(11)A 
31(a)(6)U 
43(b)06)( 

21(0)(11)8 
31(a)(6)0 
43(b)(6)0 
51(a)(1) 

21(c)(11)A 
31(CO)(6) 
43(b)(6)8 
131(b)(6)0 

21(c)(11)9 
31(a)(6)0 
43(b)(6)9

1 

1 

1 

1
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7. CONTAIN AND ISOLATE RADIONUCLIDES (POSTCLOSUPRE)

emptaced radionuctldes (postctosure)

7.1.1 Confine waste within fixed boundaries (in empLaced disposal
package) 

7.1.1.1 Resist waste disposal package degradation

7.1.1.1.1 Resist waste disposal package 
degradation due to chemical or 
etectrochemicat processes in 
emplacement environment * 

7.1.1.1.2 Resist waste disposal package 
degradation due to mechanical 
processes in the emptacement 
environment * 

7.1.1.1.3 Resist waste disposal package 
degradation due to mechanicat
chemical Interactions In the 
emplacement environment * 

7.1.1.1.4 Vithstand stress concentrations In 
waste disposal package * 

7.1.1.2 Resist waste disposal package short-duration 
mechanical failure 

7.1.1.2.1 Resist waste disposal package gross 
pLastic deformation 9 

7.1.1.2.2 Resist waste disposal package 
fracturing due to static and 
dynamic Loads I 

7.1.1.2.3 Vithstand waste disposal package 
buckting toads 0 

7.1.1.2.4 Limit waste disposal package 
residual stresses # 

7.1.1.2.5 lithstand externat toads on waste 
disposal package # 

7.1.2 Control period of postetosure confinement in waste disposal 
package 

7.1.2.1 Delay onset of waste disposal package degradation 

7.1.2.1.1 Control condition of waste disposal 
package materialt when emptaced # 

7.1.2.1.2 Controt chemical composition of 
waste disposal package materlats I

,FUNCTIONS 

7.1 Contain
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I 113(a)C1)(I)CA) 
113(a)(1)(11)(A) 

1 113(a)C1)Cii)CA) 

1 135(b)(1) 
113(a)(1)(ii)(A) 
135(b)(2) 

13S(b)(1) 
135(b)(2) 
135(c)(3) 

133Me)(2) 
133(0) 

I 133(e)(2) 
133(0) 
135(b)(1) 
135Cb)(2) 
135Cc)(3) 

I 133Ce)C2) 

1 135Ca)S 

1 135Ca)U 

1 135(a)O 

1 135(a)2 

1 1354A)U 

1 133Me)C2) 
133(f) 

1 113(a)C1)(ii)CA) 

1 135(a)8

1 112 
113

1133(a)(1)g 
133(h)2 
135Ca)9

I135(e)a 

135(a)2 

135(,)a

1 

1

135(a)U 
113(b)C2)8 
113(b)C3)9 

135(a)8 
113(b)(2)2 

135(a)G 
113Cb)(2)9 
113(b)(3)2

I

I

135Me)9 2 

2

2 

2 

2 

2 

2 

2

113Cb)M2)I

113(b)

2
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7.1.2.1.3 Control physical properties of 
waste disposal package materials 
(e.g., crystal structure, 
inclusions, mechanical properties) # 

7.1.2.1.4 Limit residual stresses in waste 
disposal package 9 

7.1.2.1.5 Control stress state of waste 
disposal package 9 

7.1.2.1.6 Withstand external toads on waste 
disposal package # 

7.1.2.1.7 Control postcLosure thermal 
envirorment of the waste disposal 
package # 

7.1.2.1.8 Control postctosure chemical 
environment of the waste disposal 
package N 

7.1.2.2 Retard rate of waste disposal package degradation 

7.1.2.2.1 Limit waste disposal package 
surface erosion # 

7.1.2.2.2 Control chemical composition of 
waste disposal package materials i 

7.1.2.2.3 Control physical properties of 
waste disposal package materials 
(e.g., crystal structure, 
inclusions, mechanical properties) 
# 

7.1.2.2.4 Limit residual stresses in waste 
disposal package # 

7.1.2.2.S Control stress state of waste 
disposal package 9 

7.1.2.2.6 Withstand stress concentrations in 
waste disposal package # 

7.1.2.2.7 Control thermal envirormient of 
waste disposal package # 

7.1.2.2.6 Control chemical environment of 
waste disposal package # 

7.1.2.3 Limit numbner of waste disposal package degradation 
mechanism 0 

7.2 Limit radionuclide releases to the geologic setting (postctosure) 

7.2.1 Limit cumulative quantity of radlonuclides released to the 
geologic setting (postctosure) 

7.2.1.1 Limit initial radionuclide inventory 

7.2.1.1.1 Limit total quantity of enltaced 
waste *

I 135(a)2

1 

1 

1 

1

135Ca)l 

113Cb)(2)8 
133Mi)1 

133Ca)C1) 

1330e)(2) 

113(b)(2)

I ...

135(a)2 

135(a)2 

135Ca)2 

135Ca)8 

135Ca)l 

113(b)(2)9 
133(1)1 

133(e) 

113Cb)(2)9 
133(C)1

1

1 

1 

1

133(a)(1)(i)(S) 113Cs)C1)(iil)C)

1 21C)C5)1
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135(a)l 

S1(a)C4)l 
133(0)A 

133(1)1

2 

2 

2 

2

113(b)(2)2 

113(b)C2)1 
133Ci)1

2 

2 

2 

2

2 

2 

2 

2 

4 

4 

1 

2

13SMa)S 

135(a)1 

135Ca)9

133(a)1 
133Ch)l 

21(c)(S)G 
43(b)(1)1 
43(b)C3)2 

21(c)(S)G 
43Cb)(1)2 
43Cb)C3)2

2 

2

2



7.2.1.1.2 Control age of emplaced waste * 

7.2.1.2 Prevent migration of radionuclides to the geologic 
setting 9 

7.2.1.3 Control rate of migration within the engineered 
barrier(s) (e.g., such that significant 
radionuclide decay occurs) # 

7.2.2 Limit rate of radionuctide release to the geologic setting 

7.2.2.1 Limit waste form teach rate(s) # 

7.2.2.2 Limit gaseous radionuclide release rate(s) # 

7.2.2.3 Control length of time before fluids contact waste 
form # 

7.2.2.4 Control chemistry of fluids that contact waste 
form # 

7.2.2.5 Limit quantity and rate of fluids contacting waste 
form # 

7.2.2.6 Limit migration rate within the engineered 
barrier(s) # 

7.3 Limit releases of radionuclides to the accessible environment 

7.3.1 Ensure stability of waste emplacement opening/location # 

7.3.2 Avoid exposure of waste due to natural processes (e.g., 
votcanism, faulting) # 

7.3.3 Protect waste from adverse effects of surficiat processes 
(e.g., weather, erosion, mass wasting) #

7.3.4 

7.3.5

Obstruct human intrusion into repository # 

Impede movement of fluids to the waste disposal package #

7.3.6 Ensure geochemicat environment is not conducive to 
radionuclide mobitity I 

7.3.7 Ensure hydrologic environment Is not conducive to radionuclide 
transport 9

I 113(b)(2)2 

1 113(a)(1)(i)(3) 
113(a)(1)(11)(6) 

1 113(a)(1)(S)(5)U 
113(e)M1)II)(8) 

1 113(a)(1)Ci)(3) 
113(a)(1)Cii)(B)

113(a)(1)Ci)(B)U 
113)(1a)(i)(9)A 

113(a)(1)(i)(1)U 
113(a)C1)(ii)(B)A 

135Cs)* 

113(b)(3) 

113Ca)(1)(i)(C)a 

112 

122(a)(1) 

122(a)(1) 
122(b)(1) 
122(b)(5)8

1 122(a)(1) 
122(b)(5) 

1 51Ca)C2) 
121 

1 122(a)(1) 
122Cb)(5)8 
122(b)(8)(C) 
122(b)(8)(iii) 

1 122(a)(1) 
122(b)(1) 
122(b)(3) 
122(b)(4) 

1 122(a)(1) 
122(b)(1) 
122(b)(7) 
122(b)(8)

134 

133(a)G 
133(h)0 
135(C)(1)D 
135(c)C2); 

135(C)(1 ) 
135(c)(2)8 

135(b)(1) 
135(b)(2) 

21(c)(1)(ii)C)8 

21(c)(1)(iiO)(O) 

122(b)(1) 

122(c)(3)8 
122(c)C4)8 
122(c)C1I)U 
122(c)C12)3 
122Cc)(15)A 

122C()1)U 
122(C)(3)9 
122(c)(4C) 
122(c)CI1)2 
122(c)c16)( 

122(b)(S)O 

122(c)(2)M 
122(c)(3)g 
122(c)(4)8 

122(C)(7); 
122(c)(8)0 
122(c)(9)2 
122(c)(10)A 

122(c)(1)4 
122(c)(2)2 
122(C)C3)S 
122(c)(5)9 
122(c)(6)f

2 

4 

2

I ! 1ý I



7.3.8 Ensure geologic enviror•ent is not conducive to gaseous 
radionuclide transport # 

7.4 Limit postctosure intrusion into the area of the repository 

7.4.1 Establish a controlled area # 

7.4.2 Designate the boundaries of the controlled area # 

7.4.3 Maintain government control of controlled area land and 
resource use #

7.5 

CONSTRAI

7.4.4 Maentain government control of adjacent area land and resource 
use I 

7.4.5 Preserve public records about the Location, boundaries and 
purpose of the controlled area * 

7.4.6 Preserve putlic records about the location, design, and 
contents of the geologic repository * 

7.4.7 Konitor for drilling or excavation in or adjacent to the 
controlled area ' 

7.4.8 Prevent or stop unauthorized drilling or excavation in the 
controlled area * 

7.4.9 Prevent or stop activities outside the controlled area that 
could adversely effect waste containment or isolation ' 

Conduct repository postclosure monitoring (as required) * 

TS

7.6 Ensure the ability of underground facilities and equipment to perform 
their intended postctosure functions under naturally Induced conditions 
and events (e.g., seismic activity) * 

7.7 Ensure the ability of repository facilities and equipment important to 
safety or isolation to perform their intended functions under 
conditions and events induced by human activity * 

7.8 Ensure the ability of engineered barriers, shafts, borehotes and seals 
to perform their intended postcLosure functions under naturally induced 
conditions and events (e.g., seismic activity) * 

7.9 Ensure the ability of repository facilities and equipment Important to 
safety or isolation to perform their Intended functions under 
conditions and events induced by human activity * 

7.10 Ensure the ability of the geologic setting to perform Its intended 
postcLosure functions under naturally induced conditions and events 
(e.g., seismic activity) * 

7.11 Ensure the ability of repository facilities and equipment Important to 
safety or isolation to perform their intended functions under 
conditions and events Induced by human activity *

1 122(a)(1) 

4 51(a)(2) 

4 21€c)CB)G 
43(b)(S) 
511o)C2)(i) 

4 51(a)C2)(i) 

4 1210a) 
211€)C8)U 
430b)(5) 

4 121(b) 

4. SliaC2)ii 
4 51COM(C(ll 

4 51Ca)C2)(ii) 

4 SlCa)(1)O 

4 51Ca)C2)a 
121(a) 

4 121Cb) 
121CO) 

4 5ICa)(1)9 

1 112 
113(a)CI) 

2 21Mc)O3) 
131Cb)CI) 
131Cb)(6)2 

1 112 
1130M)C1) 

2 2MOM)C3) 
1310b)(1) 
131Cb)(6)9 

1 112 
113Ca)C2) 

2 21€Cc)3) 
131Ob)(1) 
131(b)C6)0

122(c)(20a 2

121 

121Ca)C1)8 

121Cb)G 

21(0)28)U 
43Cb)(5) 
121(b)2 

51(a)C2)S 

21(c)C8)8 
43(b)(5) 

72(b)(11) 
21(C)1C)3

21(c)CS)6 

5l(a)C2)2 
21C)18)U 

133Co)C1) 
133(e)C2) 

134(a) 
134Ce)C1) 
21cb)13) 
21(Cb)C4)U 

133(a)(1) 
133(h) 

134Ma) 
134(e)(1) 
21(b)(3)8 
21(b)(0)G 

122 

134(a) 
134Ce)(1) 
21(b)W3)M 
21(b)(4)2
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GENERIC SYSTEM4 ELEMTS 

7.12 Vaste disposal packages # 

7.13 Vast e aplacement openings/tocations # 

7.14 Emplacement opening cover or plug (if required) # 

7.15 Emplacement opening backfill (if required) #

7.16 

7.17 

7.18 

7.19 

7.20 

7.21 

7.22

Underground facility backfiLl (if required) # 

Repository access openings (shafts and ranps) # 

Access opening backfill (if required) # 

Borehole backfltt (if required) # 

Shaft, ramp and borehote seats # 

Postctosuremonitoring facitltfes and equipoent (as required) # 

Geologic setting #

4 113(a)C1)Cii)(A)R 
135(0)9 

1 135(b)(0)9 

1 21(c)(11)A 
21(c)(15)(v2)a 

1 21C()(11)A 
21Cc)C15)Cv)SG 

1 21Cc)C15)(vi)2 

I 21(c)(15)(vi)9 

I 21lc)(15)(vI)9 

1 135(b)@ 

4 51(a)(1)9 

1 112

132b)MI 
131MCb)(7) 

122Cb)c5)a 
131Cb)CT)S 
132Ca)2 

51Ca)(0)2 

51(a)(00)m 

21(c)(15)(vi)g 

122

A-S0

I 1 I 1

2 

2 

2 

2 

2 

2 

2 

2 

2 
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