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ABSTRACT

This Packaging Review Guide (PRG) provides guidance for Department of Energy (DOE)
review and approval of packagings to transport fissile and Type B quantities of radioactive
material. It fulfills, in part, the requirements of DOE Order 460.1B for the Headquarters
Certifying Official to establish standards and to provide guidance for the preparation of Safety
Analysis Reports for Packagings (SARPs).

This PRG is intended for use by the Headquarters Certifying Official and his or her review staff,
DOE Secretarial offices, operations/field offices, and applicants for DOE packaging approval.

This PRG is generally organized at the section level in a format similar to that recommended in
Regulatory Guide 7.9 (RG 7.9). One notable exception is the addition of Section 9 (Quality
Assurance), which is not included as a separate chapter in RG 7.9. Within each section, this PRG
addresses the technical and regulatory bases for the review, the manner in which the review is
accomplished, and findings that are generally applicable for a package that meets the approval
standards.
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ABBREVIATIONS AND ACRONYMS

ANL Argonne National Laboratory

ANS American Nuclear Society

ANSI American National Standards Institute
ASME  American Society of Mechanical Engineers
AWS American Welding Society

B&PV  Boiler and Pressure Vessel (ASME Code)
Bq Becquerel

cc cubic centimeter

CFR Code of Federal Regulations

cg center of gravity

Ci curie

cm centimeter

CoC certificate of compliance
CSI Criticality Safety Index

DOE U.S. Department of Energy
DOE O  U.S. Department of Energy Order (used in designation of new-series orders)
DOT U.S. Department of Transportation

ft foot
g acceleration due to gravity
h hour

HAC Hypothetical Accident Conditions

n. inch
Kesr effective multiplication factor
kPa kilopascal

IAEA International Atomic Energy Agency
ISG Interim Staff Guidance

LLNL Lawrence Livermore National Laboratory
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m meter
MNOP  Maximum Normal Operating Pressure
MPa megapascal

mrem millirem
mSv millisievert
NCT Normal Conditions of Transport

NRC U.S. Nuclear Regulatory Commission
PBq petabecquerel (10'° Bq)
PRG Packaging Review Guide (this document)

psi pounds (force) per square inch
QA quality assurance

ref reference

RG Regulatory Guide

] second

SARP Safety Analysis Report for Packaging(s)”
SCO surface contaminated object

SRNL Savannah River National Laboratory

SSCs structures, systems, and components (important to safety)
SER Safety Evaluation Report

Sv sievert

TBq terabecquerel (10'2 Bq)

TI transport index

TRR Technical Review Report

The term “SARP” is commonly used by DOE and its contractors to denote the document that describes and
evaluates the proposed package. NRC licensees typically use the term “Safety Analysis Report (SAR).” In
addition to the SARP, the “application” typically includes a transmittal letter and other supplemental
information docketed during the review process.
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INTRODUCTION

Background

Department of Energy Order 460.1B (i.e., DOE O 460.1B)!") establishes requirements for the
proper packaging and transportation of hazardous material by DOE and its contractors.” Unless
otherwise authorized or excluded by this order, DOE transportation of fissile and Type B
quantities of radioactive material must be in packagings approved by the Headquarters
Certifying Official under conditions specified in the DOE Certificate of Compliance (CoC).

The authority for DOE to certify packagings is established by 49 CFR 173.7(d),/*) which states
that packagings made by or under the direction of DOE may be used for the transportation of
radioactive materials when evaluated, approved, and certified by DOE against standards
equivalent to those specified in 10 CFR 71.°) DOE O 460.1B explicitly states that such packages
must comply with the standards of 10 CFR 71, and with any other requirements deemed
applicable by the Headquarters Certifying Official.

Purpose

This Packaging Review Guide (PRG) provides guidance for DOE review and approval of
packagings to transport fissile and Type B quantities of radioactive material. It fulfills, in part,
the requirements of DOE O 460.1B for the Headquarters Certifying Official to establish

standards and to provide guidance for the preparation of Safety Analysis Reports for Packagings
(SARPs).

This PRG is intended for use by the Headquarters Certifying Official and his review staff, DOE
Secretarial offices, operations/field offices, and applicants for DOE packaging approval. The
primary objectives of this PRG are to:

e Summarize the regulatory requirements for package approval

e Describe the technical review procedures by which DOE determines that these
requirements have been satisfied

e Establish and maintain the quality and uniformity of reviews

e Define the base from which to evaluate proposed changes in scope and requirements of
reviews

e Provide the above information to DOE organizations, contractors, other government
agencies, and interested members of the general public.

Similar requirements were previously established by DOE Orders 1540.2 and 5480.3, which may still be
applicable depending on specific contractual relationships.
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This PRG was originally published in September 1987. Revision 1, issued in October 1988,
added new review sections on quality assurance and penetrations through the containment
boundary, along with a few other items. Revision 2 was published October 1999. Revision 3 of
this PRG is a complete update, and supersedes Revision 2 in its entirety.

Related Documents

DOE’s authority to certify packages is based on the premise that the DOE evaluation and
approval process will provide an assurance of safety equivalent to that required by the NRC.
Such assurance can be provided by:

e Requiring that DOE package designs meet the standards of 10 CFR 71 or their equivalent

¢ Ensuring that the evaluation methods used to demonstrate compliance with these
standards are equivalent to those used by the Nuclear Regulatory Commission.

Consequently, the evaluation process described in this PRG relies substantially on 10 CFR 71
and the following other NRC documents:

e NUREG-1609, Standard Review Plan for Transportation Packages for Radioactive
Material'*!

e NUREG-1617, Standard Review Plan for Transportation Packages for Spent Nuclear
Fuell

e Regulatory Guide 7.9, Standard Format and Content of Part 71 Applications for
Approval of Packaging for Radioactive Material!® !

e Regulatory Guide 7.10, Establishing Quality Assurance Programs for Packaging Used in
Transport of Radioactive Material'® !

e Other regulatory guides such as the Interim Staff Guidance (ISG) and NUREG reports
that provide guidance on criteria for evaluating transportation packages.

Scope

Because of the large variety of packages and the many different approaches that can be taken to
evaluate these packaging designs, no single guide can address in detail every situation that might
be applicable to a review. This PRG is intended to provide a general description of the principles
and procedures for evaluating packaging applications. DOE may therefore need to modify or
expand the guidance in this PRG to adapt to specific packaging designs. This PRG does not
relieve any DOE element or contractor from the requirements of DOE O 460.1B or other
pertinent regulations, or imply that SARPs reviewed in accordance with this guide will
necessarily be approved.
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This PRG addresses shipment of fissile or Type B quantities of radioactive material in
DOE certified packagings under the provision of DOE O 460.1B and 10 CFR 71. The following
areas of DOE O 460.1B and 10 CFR 71 are not currently within the scope of this PRG:

e Shipment of hazardous material other than fissile and Type B radioactive material

e Shipment of DOE radioactive material in packages approved by Department of
Transportation (DOT), NRC, or International Atomic Energy Agency (IAEA)

e Shipment of plutonium by air

¢ Qualification and shipment of low specific activity material and surface contaminated
objects

e (Qualification and shipment of special form radioactive material
e Notifications, violations, and penalties
e Exemptions and exceptions

e Requirements incorporated into DOE O 460.1B or 10 CFR 71 by reference to other
regulations (e.g., DOE, NRC, DOT, or U.S. Postal Service).

Organization of PRG

The main body of this PRG is organized into nine sections in a format similar to that
recommended in Regulatory Guide 7.9 (RG 7.9) for the SARP.” One notable exception is the
addition of Section 9 (Quality Assurance), which is not included as a separate chapter in RG 7.9.
Within each section, this PRG addresses the technical and regulatory bases for the review, the
manner in which the review is accomplished, and general findings applicable to a package that
meets the approval standards. Each section follows the format below.

Introduction

The introduction succinctly states the objective of the review for each section, provides summary
information as appropriate, and relates the review to information provided in other chapters of
the SARP.

No chapter of a SARP can be reviewed independently from information presented in other
chapters. For example, the Containment review depends in part on (1) the packaging and
contents description presented in the General Information chapter and (2) the condition of the
package under the normal and hypothetical accident condition tests in the Structural and Thermal
Evaluation chapters. Likewise, the results of the Containment review may result in the need to
implement specific Package Operations, Acceptance Tests, or other Quality Assurance
procedures. The introduction to each section of this PRG presents a schematic representation of
these interfaces. These representations are intended only as examples and should not be
considered as a complete list of all information to be reviewed. In addition, specific interfaces
may vary with the details of a particular package design or with the specific format of the SARP.

For clarification, the major divisions of RG 7.9 (and a SARP) are referred to as “chapters.” The major divisions
of this PRG are considered “sections.”
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Subsection 1. Areas of Review

This subsection identifies the principal areas that are reviewed to demonstrate that the packaging
design complies with regulatory requirements. In general, the Areas of Review correspond to the
major subsections of RG 7.9, although in some cases they have been modified for clarity and
completeness.

Subsection 2. Regulatory Requirements

This subsection summarizes the applicable regulatory requirements of 10 CFR 71. In many
instances, the wording from the regulation is shortened, and two or more related requirements
are sometimes combined for brevity. This modification in wording is not intended to change or
interpret the regulations. Furthermore, the reader is cautioned that the categorization of
regulatory requirements by SARP section (or PRG chapter) is a subjective judgment, which may
depend on the package design as well as the specific format in which the SARP is organized.
Regulatory requirements are generally listed in the order that they are addressed in the Review
Procedures.

Subsection 3. Review Procedures

This subsection provides guidance for the review of a package. The Review Procedures are
organized in parallel with the Areas of Review identified in Subsection 2 above. Because of the
large number of different package designs, DOE may need to expand or modify these procedures
to adapt to a specific package or to address the method of evaluation presented in the SARP.

The review of the evaluation presented in the SARP will often necessitate confirmatory analyses
by the reviewers. The effort and level of detail of such analyses will depend on many factors,
including the issues evaluated, the method of evaluation (e.g., test or analysis), the complexity of
the evaluation, the experience of the reviewer, similarity to other approved packages, the margin
between evaluated performance and regulatory requirements, importance to safety, and many
other factors.

Subsection 4. Evaluation Findings

This subsection presents an example of the major findings of the review. The review staff will
modify the wording as appropriate to address specific details of the SARP and methods of
review. In addition, this subsection identifies typical limiting assumptions or conditions
applicable to the evaluation that might not be specified in the General Information chapter of the
SARP but that should be included as conditions of approval in the CoC.

Subsection 5. References

This subsection identifies references cited in the section. DOE orders are specified in this PRG
by order number (e.g., DOE O 460.1B or DOE O 414.1C). Revision designations (e.g., A, B, C)
are those in effect at the time of publication of this PRG.
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Appendices of PRG

This PRG contains four appendices. Appendix A provides definitions of common package-
related terms, many of which are also defined in 10 CFR 71 or 49 CFR Part 173. Appendix B
presents a summary listing of 10 CFR 71 requirements and the SARP chapters to which they are
generally applicable. The 2004 revision of 10 CFR 71 resulted in several changes and additional
requirements, which are highlighted in Appendix C. A summary of issues relevant to materials
and fabrication, which are typically addressed in several SARP chapters, is included in
Appendix D.

Requirements and Guidance

Throughout this PRG, the word must is intended to imply a requirement imposed by CFR or
DOE order. Other conditions generally considered necessary for package approval are specified
by the word should. Because these conditions are not specifically imposed by regulation or
order, the SARP may, if appropriate, justify that they are not applicable or that other conditions
are more pertinent to the proposed package.

Technical Review Report

The technical review of DOE SARPs is conducted by Lawrence Livermore National Laboratory
(LLNL), Argonne National Laboratory (ANL), Savannah River National Laboratory (SRNL) or
a combination of these laboratories. The results of these reviews are documented in a Technical
Review Report (TRR), which summarizes:

e Applicable regulatory requirements

e Methods by which the SARP demonstrated that these requirements were met

e A description of the technical review of the evaluation presented in the SARP, including
confirmatory analysis and other bases for accepting the SARP evaluation

e Summary findings of the technical review.

The TRR provides the justification for the technical information included in the Safety
Evaluation Report (SER), a report issued by the Headquarters Certifying Official to document
DOE’s review of the package for compliance with DOE O 460.1B and 10 CFR 71.
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1.0 GENERAL INFORMATION REVIEW

This review verifies that the package design has been described in sufficient detail to provide an
adequate basis for its evaluation.

The General Information chapter of the Safety Analysis Report for Packaging (SARP) is
reviewed by all members of the review team. During the review, the team leader (or the team
leader’s designee) coordinates input from team members and prepares questions or requests for
additional information from the applicant as appropriate. At the completion of the review, the
individual responsible for questions on the General Information chapter also prepares the
corresponding section of the Technical Review Report (TRR).

The results of the General Information review are considered in the review of all other chapters
of the SARP. An example of this information flow for this review is shown in Figure 1.1.

General Information Review

Introduction Package Description Compliance with Part 71
+ Purpose » Packaging + Statement
+  Summary information + Contents + Summary of evaluations
» Drawings + Codes and standards
Structural Thermal Containment Shielding
Review Review Review Review
Package category + Dimensions + Dimensions » Dimensions
Dimensions * Materials + Materials « Materials
Materials + Contents + Contents + Contents
Weights + Decay heat + Containment + Exclusive/
Contents boundary nonexclusive use
Criticality Package Operations Acceptance Tests and Quality Assurance
Review Review Maintenance Program Review
Review

Dimensions and

+ Operational features

+ Codes and standards

+ Package category

tolerances + General restrictions + Dimensions and * Drawings

Materials + Tamper-indicating tolerances + Codes and standards
Neutron device + Materials + Packaging
poisons/moderators + Contents components

Fissile contents
Criticality safety index

+ Special fabrication
processes

Packaging Review Guide

1-1

Figure 1.1 Example of Information Flow for the General Information Review
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1.1

Areas of Review

The package description and engineering drawings should be reviewed. The review should
include:

111

1.2

Introduction
Purpose of Application

Summary Information
Statement of Compliance

Summary of Evaluation

Package Description

Packaging

Contents

Special Requirements for Plutonium

Operational Features

Appendices
Drawings

Other Information

Regulatory Requirements

The requirements of 10 CFR 71 applicable to the General Information review include:

An application for package approval must be submitted in accordance with Subpart D of
10 CFR 71. [§71.0(d)(2)]

An application for modification of a previously approved package is subject to the
provisions of §71.19 and §71.31(b). All changes in the conditions of package approval
must be approved. [§71.19, §71.31(b), §71.107(¢c)]

The application must include a description of the packaging design in sufficient detail to
provide an adequate basis for its evaluation. [§71.31(a)(1), §71.33(a)]

The application must include a description of the contents in sufficient detail to provide
an adequate basis for evaluation of the packaging design. [§71.31(a)(1), §71.33(b)]

The application must reference or describe the quality assurance program applicable to
the package. [§71.31(a)(3), §71.37]

The application must identify the established codes and standards used for the package
design, fabrication, assembly, testing, maintenance, and use. In the absence of such
codes, the application must describe the basis and rationale used to formulate the quality
assurance program. [§71.311]
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e An application for renewal of a previously approved package must be submitted no later
than 30 days prior to the expiration date of the approval to assure continued use. [§71.38]

e The smallest overall dimension of the package must not be less than 10 cm (4 in.).
[§71.43(a)]

e The outside of the package must incorporate a feature that, while intact, would be
evidence that the package has not been opened by unauthorized persons. [§71.43(b)]

e A package with a transport index greater than 10, a Criticality Safety Index greater than
50, or an accessible external surface temperature greater than 50°C (122°F) must be
transported by exclusive-use shipment. [§71.43(g), §71.47(a), §71.47(b), §71.59(c)]

e The maximum activity of radionuclides in a Type A package must not exceed the A or
A, values listed in 10 CFR 71, Appendix A, Table A-1. For a mixture of radionuclides,
the provisions of Appendix A, paragraph IV apply, except that for krypton-85, an
effective A, equal to 10 A, may be used. [Appendix A, §71.51(b)]

e A fissile material packaging design to be transported by air must meet the requirements
of §71.55(%).

e A fissile material package must be assigned a Criticality Safety Index for nuclear
criticality control to limit the number of packages in a single shipment. [§71.59,

§71.35(b)]
e Plutonium in excess of 0.74 TBq (20 Ci) must be shipped as a solid. [§71.63]

e The package must be conspicuously and durably marked with its model number, serial
number, gross weight, and package identification number. [§71.19, §71.85(¢c)]

1.3 Review Procedures

The following procedures are generally applicable to the review of the General Information
chapter of the SARP. These procedures correspond to the Areas of Review listed in Section 1.1
of this Packaging Review Guide (PRG).

1.3.1 Introduction

1.3.1.1 Purpose of Application

Verify that the purpose of the application is clearly stated. The application may be for approval
of a new design, for modification of an approved design, or for renewal of an existing approval
(e.g., Certificate of Compliance [CoC]). The purpose may be identified in the SARP itself, or in
an accompanying transmittal letter for the application.

Applications for approval of a new design should be complete and should contain the
information identified in Subpart D (Application for Package Approval) of 10 CFR 71.

Applications for modification of an approved design should clearly identify the changes being
requested. Modifications may include design changes, changes in authorized contents, or
changes in the conditions of the approval (including changes in the designation of the package
identification number). Design changes should be clearly identified on revised engineering
drawings. The application should include an assessment of the requested changes and
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justification that these changes do not affect the ability of the package to meet the requirements
of 10 CFR 71. Applications for modifications are subject to the provisions of §71.19 and
§71.31(b), as applicable. Changes in the package identification number to designate compliance
with revised regulations (e.g., the addition of “-96”) are subject to §71.19(e). A summary of
regulatory changes affecting the “-96” designation is provided in Appendix C of this PRG.

Applications for renewal of an existing approval should be made within 30 days of expiration of
the approval to assure continued use. Expiration of approvals and applications for renewal are
subject to the provisions of §71.38.

1.3.1.2 Summary Information

Confirm that the package type and model number are designated. A new Type B package design
should be designated B(U)-96 unless it has a maximum normal operating pressure greater than
700 kPa (100 psi) gauge or a pressure relief device that would allow the release of radioactive
material under the tests specified in §71.73 (hypothetical accident conditions). In those cases, the
package should be designated B(M)-96.

Review the maximum activity and radionuclides of the contents. Ensure they are consistent with
the designated package type. For a mixture of radionuclides, the maximum activity allowed in a
Type A package must be determined in accordance with 10 CFR 71 Appendix A and §71.51(b).
Packages for transporting fissile radionuclides should also be designated as fissile material
packages (e.g., AF-96, B(U)F-96) unless the exemptions of §71.15 are applicable.

Ensure that any restrictions regarding the type of conveyance for shipment of the package are
designated. Note that special requirements apply to the air shipment of plutonium, e.g., §71.64,
§71.74, and §71.88. Review of packagings for plutonium air shipments is not addressed in this
PRG.

For Type B packages, verify that the designated package category is properly justified.
Definitions of package categories are summarized in Table 1.1. Detailed justification, including
calculation of an effective A, from the maximum activity of the contents, might be presented in
the appendices to the General Information chapter or in another chapter of the SARP (e.g.,
Containment).

Table 1.1 Category Designations for Type B Packagest*™

Contents Form Category | Category Il Category 11
Normal Form* Greater than 3,000 A, or | Between 3,000 A, and Less than 30 A, and less
greater than 1.11 PBq 30 A,, and not greater than 1.11 PBq (30,000
(30,000 Ci) than 1.11 PBq (30,000 Ci)
Ci)

*Similar requirements apply to special form radioactive material, which is not explicitly addressed in this PRG.
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The package category will determine which code!' "> or other criteria!'*'"* are appropriate for

components that affect the structural integrity of containment, criticality, or shielding systems.
Although the designation of these codes or standards should be indicated on the engineering
drawings and applicable fabrication specifications indicated in this chapter (see Section 1.3.3.1),
a more detailed discussion and justification may be deferred to the Structural Evaluation chapter
of the SARP. Similarly, details of other codes and standards for the package may be presented in
the General Information chapter or may be discussed in the applicable chapter of the SARP.
Review designated codes and standards as appropriate.

Confirm that the SARP identifies the applicant’s quality assurance (QA) program applicable to
the package. Details of QA program requirements should be presented in the QA chapter of the
SARP.

For fissile material packages, confirm that a Criticality Safety Index (CSI), based on nuclear
criticality safety, is designated for each content. This index will generally be designated in the
CoC as the minimum criticality safety index. Note that the CSI, used in shipment, depends on
criticality safety and the Transport Index (T1) is based on external radiation levels. Unlike the
CSI based on criticality, the TI based on radiation is determined by radiation levels of the
package as loaded for shipment and is not specified in the CoC. Ensure that the maximum
number of packages that may be shipped in a single conveyance and any restrictions for
exclusive-use shipment, if applicable, are consistent with the CSI based on criticality safety.

Determine if the shipment of the package is limited to exclusive use because of other regulatory
requirements (e.g., external radiation levels or CSI value, or package surface temperatures).
Additional information should be included in the Package Operations chapter of the SARP.

1.3.1.3 Statement of Compliance

Confirm that SARP contains an unequivocal statement that the package complies with
10 CFR 71.

1.3.1.4 Summary of Evaluation

In addition to a statement that the package complies with 10 CFR 71, the General Information
chapter of the SARP should include a summary of the package evaluations presented in
subsequent SARP chapters, with a specific reference to the chapters in which compliance is
demonstrated. The summary information should address:

e C(riticality requirements, §71.15, §71.22, §71.55, §71.59
e General requirements for all packages, §71.43

e Structural requirements for lifting and tie-down devices and for shipments containing
more than 10° A, §71.45 and §71.61

e [External radiation requirements for all packages, §71.47
e Requirements for Type B packages, §71.51

e Special requirements for plutonium packages, §71.63
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e Structural and thermal performance of the package under the tests for normal conditions
of transport and hypothetical accident conditions, §71.71 and §71.73, respectively

e Requirements for operating controls and procedures, Subpart G

e Requirements for quality assurance, Subpart H.

The review of each SARP chapter should confirm that this summary information is consistent
with the detailed evaluation and with the requirements of 10 CFR 71.

1.3.2 Package Description

1.3.2.1 Packaging

Review the text description of the packaging. Sketches, figures, or other schematic diagrams
should be provided as appropriate. Ensure that the description of the packaging presented in the
text and figures is consistent with that depicted on the engineering drawings

(see Section 1.3.3.1).

Verify that the following information, as applicable, is adequately discussed:

e General packaging description, including overall dimensions, maximum weight, and
minimum weight, if appropriate

e Containment features, including a clear identification of the containment boundary
e Shielding features, including personnel barriers
e Criticality control features, including neutron poisons, moderators, and spacers

e Heat-transfer features, including gaps and coolants, that affect transfer and dissipation of
heat

e Structural features, including supporting structures, lifting and tie-down devices, and
impact limiters.

Proprietary information, if applicable, should be clearly identified. Justification for withholding
this information from public disclosure should be presented in a format comparable to that
specified in 10 CFR 2.390.

Verify that the SARP defines the exact boundary of the containment system. This may include
the containment vessel, welds, drain or fill ports, valves, pressure relief devices, seals, test ports,
lids, cover plates, and other closure devices. If multiple seals are used for a single closure, the
seal, defined as the containment-system seal, should be clearly identified. A sketch of the
containment system should be provided, and all components should be shown on the engineering
drawings in the appendices. Additional information regarding the review of the containment
boundary and special containment requirements for plutonium and for damaged reactor fuel are
addressed in Section 4 of this PRG.

Based on the package description and engineering drawings, confirm that the package meets the
following requirements of §71.43(a) and §71.43(b):
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The smallest overall dimension of the package is not less than 10 cm (4 in.)

The outside of a package must incorporate a feature, such as a seal, that is not readily
breakable and that, while intact, would be evidence that the package has not been opened
by unauthorized persons.

1.3.2.2 Contents

Confirm that the contents are described in the same detail as that intended for the CoC. The
description should include, as a minimum, the following information:

Identification and maximum quantity (radioactivity or mass) of the radioactive material
Identification and maximum quantity of fissile material

Chemical and physical form, including density and moisture content, and the presence of
other moderating constituents

Location and configuration of contents within the packaging, including secondary
containers, wrapping, shoring, and other material not defined as part of the packaging

Identification and quantity of nonfissile materials used as reflectors, neutron absorbers, or
moderators

Any material subject to chemical, galvanic, or other reaction, including the generation of
combustible and reactive gases

Maximum normal operating pressure

Maximum weight (including shoring, canisters, secondary containers, etc.) and minimum
weight if appropriate

Maximum decay heat.

If the contents include reactor fuel rods or assemblies, the following additional information
should be specified as appropriate:

Type of fuel, maximum enrichment and density of fissile material prior to irradiation
(including specifications of non-uniform enrichment, if applicable). If the reactivity
(activity) of irradiated fuel is larger than fresh fuel, the isotopic composition of the
irradiated fuel should also be presented.

Burnup, minimum initial enrichment, specific power, cooling time, and heat load

Fuel assembly specifications, including dimensional data for the fuel pellets, cladding,
fuel-cladding gap, rods, guide tubes, and other assembly structures considered in the
evaluation

Control assemblies or other contents (e.g., startup sources) present
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e Number of assemblies or rods

e For damaged fuel, the extent of damage, description of containerization, or any other
applicable limits

e Other information necessary to evaluate compliance with 10 CFR 71, as applicable.

1.3.2.3 Special Requirements for Plutonium

If the contents include plutonium in excess of 0.74 TBq (20 Ci), verify that the contents are in
solid form.

1.3.2.4 Operational Features

Verify that appropriate operational features are discussed. A schematic diagram of any special
operational feature should be included if applicable. Additional information on operational
features may be presented in the Package Operations chapter of the SARP.

1.3.3 Appendices

1.3.3.1 Drawings

Verify that information on the engineering drawings is sufficiently detailed and consistent with
the package description. The appendices should not include a full set of drawings for large,
complex packages, nor should they include detailed construction drawings for packages of any
type. A detailed discussion of information to be included on drawings is presented in
NUREG/CR-5502.1"]

Department of Energy (DOE) orders (e.g., DOE O 460.1B and 1540.2) authorize transportation
of Type B or fissile radioactive material by DOE and DOE contractors in packages approved by
the Headquarters Certifying Official under conditions specified in the CoC. The purpose of the
engineering drawings in the SARP is to define the package design, approved by DOE, and
compliance with these drawings is typically included in the certificate as a condition of package
approval. Packages that do not conform to the drawings in the SARP are not authorized for use.

Confirm that each drawing has a title block that identifies the preparing organization, drawing
number, sheet number, title, date, and signature or initials indicating approval of the drawing.
Revised drawings should identify the revision number, date, and description of the change in
each revision. Proprietary information, if applicable, should be clearly identified. The drawings
should include:

e General arrangement of packaging and contents, including dimensions

e Design features that affect the package evaluation (see Section 1.3.2.1 above)

e Packaging markings, including model number, serial number, gross weight, and package
identification number

e Maximum allowable weight of the package
e Maximum allowable weight of the contents and secondary packaging

e Minimum weights, if appropriate.
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Information on design features should include, as appropriate:

e Identification of the design feature and its components
e Materials of construction, including applicable material specifications

e Codes, standards, or other similar specification documents for fabrication, assembly, and
testing (including welding symbols), and inspection. As appropriate, such information
may be included on a separate fabrication specification that can be referenced as a
condition of approval in the certificate. Compliance with this specification should
generally be noted on the drawings as applicable.

e Location, with respect to other package features
e Dimensions with appropriate tolerances

e Operational specifications (e.g., bolt torque, specifications of pressure-relief devices,
etc.).

1.3.3.2 Other Information

Confirm that the appendices include a list of references and a copy of any applicable references
not generally available to the reviewer, as appropriate. The appendices may also provide
supporting information on special fabrication procedures (as noted on the drawings),
determination of the package category, and other appropriate supplemental information deemed
necessary by the applicant or reviewer.

1.4  Evaluation Findings
1.4.1 Findings

The review should ensure that the information presented supports a conclusion that the
regulatory requirements in Section 1.2 above are satisfied. Because confirmation of some
information presented in the General Information chapter of the SARP depends on a detailed
review of subsequent chapters, preparation of the findings for this section may be deferred until
the review of later chapters is completed.

The TRR should include a finding similar to the following:

Based on review of the statements and representations in the SARP, the staff concludes
that the package design has been adequately described to meet the requirements of
10 CFR 71.

1.4.2 Conditions of Approval
The TRR should clearly identify any conditions of approval that should be included in Section 5
of the CoC. In addition to a summary package description and specifications of authorized
contents, the conditions of approval applicable to the General Information chapter of the SARP
typically include:

e Type of conveyance

e Minimum criticality safety index

Packaging Review Guide 1-9 General Information Review



1.5
[1-1]

[1-2]

[1-3]

[1-4]

[1-5]

Restriction to exclusive-use shipment, if applicable

Drawings that define the package design, and additional fabrication specifications as
applicable

Requirement to add serial numbers to previously approved packages, as applicable.
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2.0 STRUCTURAL REVIEW

This review verifies that the structural performance of the package design has been adequately
evaluated for the tests specified under normal conditions of transport and hypothetical accident
conditions and that the package design meets the structural requirements of 10 CFR 71.

The Structural review is based in part on the descriptions and evaluations presented in the
General Information and the Thermal Evaluation chapters of the Safety Analysis Report for
Packaging (SARP). Similarly, results of the Structural review are considered in the review of
subsequent chapters of the SARP. An example of this information flow for the Structural review
is shown in Figure 2.1.

Although 10 CFR 71 specifies only a few explicit structural requirements for packages (e.g.,
lifting and tie-down requirements), the structural performance of the package under normal
conditions of transport and hypothetical accident conditions significantly affects its ability to
meet the containment, shielding, and subcriticality requirements of the regulation. Consequently,
the Structural review focuses on confirming the SARP evaluation of the effects of these tests and
on coordinating these effects with the review of the Thermal, Containment, Shielding, and
Criticality Evaluation chapters.

2.1 Areas of Review

The structural design of the package should be reviewed. The Structural review should include
the following:

2.1.1 Description of Structural Design
e Design Features

e (Codes and Standards

2.1.2 Materials of Construction
e Material Specifications and Properties

e Prevention of Chemical, Galvanic, or Other Reactions

e Effects of Radiation on Materials

2.1.3 Fabrication, Assembly, and Examination
e Fabrication and Assembly

e Examination

2.1.4 General Considerations for Structural Evaluations
e Evaluation by Test

e Evaluation by Analysis
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Figure 2.1 Example of Information Flow for the Structural Review
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2.19

2.2

Structural Evaluation of Lifting and Tie-Down Devices
Lifting Devices

Tie-Down Devices

Structural Evaluation for Normal Conditions of Transport
Heat

Cold

Reduced External Pressure
Increased External Pressure
Vibration

Water Spray

Free Drop

Corner Drop

Compression

Penetration

Structural Requirements for Fissile Material Packages

Structural Evaluation for Hypothetical Accident Conditions
Free Drop

Crush

Puncture

Thermal
Immersion—Fissile material

Immersion—All packages

Structural Evaluation for Special Pressure Conditions
Special Requirement for Packages >10°A,

Analysis of Pressure Test

Appendices

Regulatory Requirements

Regulatory requirements of 10 CFR 71 applicable to the Structural review are as follows:

The package must be described and evaluated to demonstrate that it meets the structural
requirements of 10 CFR 71. [§71.31(a)(1), §71.31(a)(2), §71.33, §71.35(a)]
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2.3

The application must identify the established codes and standards used for the package
design, fabrication, assembly, testing, maintenance, and use. In the absence of such
codes, the application must describe the basis and rationale used to formulate the quality
assurance program. [§71.31(c)]

The package must be made of materials of construction that assure there will be no
significant chemical, galvanic, or other reactions, including reactions due to possible
inleakage of water, among the packaging components, among package contents, or
between the packaging components and the package contents. The effects of radiation on
the materials of construction must be considered. [§71.43(d)]

The package design must meet the lifting and tie-down requirements of §71.45.

A fissile material packaging design to be transported by air must meet the requirements
of §71.55(f).

A Type B package, containing more than 10°A,, must be designed so that its undamaged
containment system can withstand an external water pressure of 2 MPa (290 psi) for a
period of not less than one hour without collapse, buckling, or inleakage of water.
[§71.61]

The performance of the package must be evaluated under the tests specified in §71.71 for
normal conditions of transport. [§71.41(a)]

The package must be designed, constructed, and prepared for shipment so there would be
no loss or dispersal of contents, no significant increase in external surface radiation
levels, and no substantial reduction in the effectiveness of the packaging under the tests
specified in §71.71 for normal conditions of transport. [§71.43(f), §71.51(a)(1)]

A package for fissile material must be so designed and constructed and its contents so
limited to meet the structural requirements of §71.55(d)(2) through §71.55(d)(4) under
the tests specified in §71.71 for normal conditions of transport.

The performance of the package must be evaluated under the tests specified in §71.73 for
hypothetical accident conditions. [§71.41(a)]

The package design must have adequate structural integrity to meet the internal pressure
test requirement specified in §71.85(b).

Review Procedures

The following procedures are generally applicable to the review of the Structural Evaluation
chapter of the SARP. These procedures correspond to the Areas of Review listed in Section 2.1
of this PRG.

2.3.1 Description of Structural Design

2.3.1.1 Design Features

Review the structural design features presented in the General Information and Structural
Evaluation chapters of the SARP. Design features important to the structural evaluation include:
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e Components that provide structural integrity for heat transfer, containment, shielding,
and subcriticality design features (e.g., impact limiters, containment vessels, neutron-
absorber plates)

e Components that affect, or are affected by, the performance of structural components
(e.g., lead shielding, lifting and tie-down devices)

e Components that provide structural integrity to the contents (e.g., internal supporting
structures).

Information on structural design features should include, as appropriate:

e Location, dimensions, and tolerances

e Materials of construction and their specifications (See Section 2.3.2.1)
e Fabrication methods (See Section 2.3.3.1)

e Weights and centers of gravity of packaging and major subassemblies
e Maximum weight of contents (minimum weight, if appropriate)

e Maximum normal operating pressure

e Description of closure systems

e Description of handling requirements.

Verify that the text and sketches describing the structural design features are consistent with the
engineering drawings.

2.3.1.2 Codes and Standards

Confirm that the SARP identifies established codes and standards applicable to the structural
evaluation. The codes and standards should be appropriate for the intended purpose and be
properly applied. The reviewer should verify that the code or standard:

e Was developed for structures of similar design and material, if not specifically for
shipping packages

e Was developed for structures with similar loading conditions

e Was developed for structures that have similar consequences of failure

e Adequately addresses potential failure modes

e Adequately addresses margins of safety.
Several regulatory guides, NUREGs, codes, and standards documents provide guidance for
package design. RG 7.8 Uidentifies the load combinations to be used in package evaluations,
and RG 7.6 *!provides design criteria for containment systems. The criteria of RG 7.6 are based
on the American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel (B&PV)

Code,'** Section 111, Division 1, Subsection NB. In addition, ASME has recently published a
new code section (Section III, Division 3), which is specifically intended for transportation
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packages. Although both RG 7.6 and ASME Section III, Division 3, specifically address the
containment systems of spent-fuel (and high-level-waste packages), their guidance may also be
applied to the containment systems of other Category I packages. NUREG/CR-4554, Vol. 64
and NUREG/CR-63221>"! discuss the buckling evaluation of containment vessels and baskets,
respectively. In addition, ANSI N14.61°! and NUREG-0612*"! have been used for the design
of packaging trunnions.

Other NUREGs provide guidance on fabricating package components. NUREG/CR-38541*
provides a list of industrial codes and standards for fabrication, and NUREG/CR-3019*"
presents criteria specifically for welding. These NUREGs also provide useful guidance for
package design because the code or standard for fabrication should be the same as that for
design, operation, and maintenance unless justified otherwise.

Table 2.1 summarizes those sections of the ASME B&PV Code that are generally acceptable for
Type B packagings, based on the package category designations described in Table 1.1. Because
the ASME Code (except for Section III, Division 3) was not developed for transportation
packages, various articles may not be applicable and some Code requirements (e.g., pressure
relief devices) may not be consistent with 10 CFR 71 requirements. The review should ensure
that the SARP clearly identifies the provisions of the Code applicable to materials, fabrication,
examination, and testing of the packaging and that excluded provisions are appropriately
justified. Specifications of Section III, Subsection NB, should be generally reviewed against
those in Section III, Division 3, Subsections WA and WB.

Table 2.1 Sections of ASME B&PV Code Applicable to Type B Packages

Component Function Category | Category Il Category |11
Containment Section III, Division 1, Section III, Division 1, Section VIII, Division 1°
Subsection NB Subsection ND*

or
Section III, Division 3

Criticality (structural Section III, Division 1, Subsection NG (NF for Buckling)
support)

Shielding and Other Section VIII, Division 1

Safety Features or

Section III, Division 1, Subsection NF

* Category I criteria are also acceptable.
¥ Category I and I criteria are also acceptable.

2.3.2 Materials of Construction
Summary guidance for review of materials is presented in Appendix D of this PRG.

2.3.2.1 Material Specifications and Properties

As discussed in Section 1.3.3.1, an appropriate specification should be identified on the
engineering drawings for the control of each material. Materials and their properties should be
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consistent with the design code or standard selected. In the ASME B&PV Code, material
specifications are generally addressed in Section II.

Review the properties of the materials of construction. Verify that the materials of construction
have been examined as required by the design code or selected standard. If no code or standard is
available, the SARP should provide adequately documented material properties along with
references and, as appropriate, justify the quality assurance methods used to ensure that these
properties are achieved. Coordinate with the Quality Assurance review as appropriate.

Verify that the material properties are appropriate for the load conditions (e.g., static, cyclic, or
dynamic impact loading, hot or cold temperatures, wet or dry conditions, and any combination of
them). Confirm that appropriate temperatures at which allowable stress limits are defined are
consistent with minimum and maximum service temperatures. Verify that the force-deformation
properties for impact limiters are based on appropriate test conditions (e.g., strain rate and
temperature). Ensure that materials are thermally stable for long-term exposure at elevated
temperatures, as appropriate.

Verify that the materials of structural components have sufficient fracture toughness to preclude
brittle fracture under normal conditions of transport and hypothetical accident conditions.

RG 7.11% "% and RG 7.12*""! provide criteria for fracture toughness of ferritic steels. Brittle
fracture is usually not a concern for austenitic steels unless fabrication processes increase their
susceptibility to embrittlement. If the contents include or produce hydrogen gas, ensure that
hydrogen embrittlement has been appropriately addressed.

Additional guidance on materials review is given in the NRC Interim Staff Guidance document
on materials evaluation.*"'*!

2.3.2.2 Prevention of Chemical, Galvanic, or Other Reactions

Review the materials and coatings of the package to verify that they will not produce a
significant chemical, galvanic, or other reaction among packaging components, among
packaging contents, or between the packaging components and the package contents. The review
should consider reactions resulting from inleakage of water, including wet loading of spent fuel
or other contents. Evaluate the possible generation of hydrogen and other flammable or corrosive
gases. NRC Information Notice 96-341""*! discusses hydrogen generation that resulted from the
reaction between acidic borated water and a zinc coating applied to the internal surfaces of a
spent fuel storage cask.

Galvanic interactions and the formation of eutectics should be considered for metallic
components that may come into physical contact with one another. Such interactions could occur
with depleted uranium, plutonium, lead, or aluminum in contact with steel.

2.3.2.3 Effects of Radiation on Materials

Verify that the effects of radiation on the packaging materials have been appropriately
considered. These effects include degradation of seals, sealing materials, coatings, adhesives,
and structural materials.
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Review of radiolysis, and of the associated production of hydrogen and other gases by radiation
is discussed in Sections 3 and 4 of this PRG.

2.3.3 Fabrication, Assembly, and Examination

Summary guidance for review of fabrication, assembly, and examination is presented in
Appendix D of this PRG.

2.3.3.1 Fabrication and Assembly

Paragraphs 71.31(c) and 71.37(a)of 10 CFR 71 specify that the application should provide
information on codes, standards, and the quality assurance program for fabrication and assembly.
In terms of the B&PV Code, these processes are referred to as fabrication and installation, and
are generally addressed in the 2000- and 4000-series articles of Section III, with welding
qualifications specified in Section IX. In SARP reviews, the term “fabrication” is often used to
mean both fabrication and assembly (e.g., welding). As noted above, guidance on appropriate

codes and standards is provided in NUREG/CR-3854 and NUREG/CR-3019.

If fabrication and assembly specifications are prescribed by an appropriate code or standard (e.g.,
ASME, American Welding Society [AWS]), the code or standard should be identified on the
engineering drawings. Unless the SARP justifies otherwise, specifications of the same code or
standard used for design should also be used for fabrication and assembly. For components for
which no code or standard is applicable, the SARP should identify the specifications on which
the evaluation depends and describe the method of control to assure that these specifications are
achieved. This description may reference a quality assurance or other appropriate specifications
document. Such specifications should be included on the engineering drawings and separate
fabrication specifications as appropriate. As noted in Section 1.3.3.1 of this PRG, the
engineering drawings are generally specified as conditions of approval in the Certificate of
Compliance (CoC).

2.3.3.2 Examination

Although the term “examination” is not specifically mentioned in 10 CFR 71, it is generally
considered as part of the fabrication and assembly processes, or simply as part of fabrication. In
the B&PV Code, examination is addressed in the 5000-series articles of Section III, with
additional details on nondestructive-evaluation methods specified in Section V.

Examination addresses the methods and criteria by which the fabrication is determined to be
acceptable. Unless the SARP justifies otherwise, specifications of the same code or standard
used for fabrication should also be used for examination. For components 