NUREG-1609

Standard Review Plan
for Transportation Packages for Radioactive Material

Manuscript Completed: March 31, 1999

U.S. Nuclear Regulatory Commission

Office of Nuclear Material Safety and Safeguards



Availability notice here...



NUREG-1609

Standard Review Plan
for Transportation Packages for Radioactive Material

Manuscript Completed: March 31, 1999

Spent Fud Project Office

Office of Nuclear Materid Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001






ABSTRACT

The Standard Review Plan for Transportation Packages for Radioactive Materia provides guidance for

the review and approva of gpplications for packages used to transport radioactive materia (other than
irradiated nuclear fuel) under 10 CFR Part 71.

This document is intended for use by the U.S. Nuclear Regulatory Commission (NRC) gaff. Its
objectives are to (1) summarize 10 CFR Part 71 requirements for package approval, (2) describe the
procedures by which the NRC staff determines that these requirements have been satisfied, and (3)
document the practices developed by the staff in previous reviews of package applications.

Comments, errors or omissions, and suggestions for improvement should be sent to the Director, Spent
Fud Project Office, U.S. Nuclear Regulatory Commission, Washington, DC 20555-0001.
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DEFINITIONS

The following terms are defined for the purpose of this document. The mgority of terms are taken from
10 CFR 71.4 and 49 CFR 173.403, and are repeated here for convenience.

A, the maximum activity of specid form radioactive materid
permitted in a Type A package.
A, the maximum activity of radioactive materid, other than

gpecid form, low specific activity, and surface
contaminated object materia, permitted ina Type A
package.

Carrier aperson engaged in the trangportation of passengers or
property by land or water as acommon, contract, or
private carrier, or by civil arcraft.

Certificate of compliance a certificate issued by the NRC approving for use, with
specified limitations, a specific packaging.
Close reflection by water immediate contact by water of sufficient thicknessfor

maximum reflection of neutrons.

Closed transport vehicle atransport vehicle or conveyance equipped with a
securely attached exterior enclosure that during normal
trangportation restricts the access of unauthorized
persons to the cargo space containing the Class 7
(radioactive) materids. The enclosure may be elther
temporary or permanent, and in the case of packaged
materials may be of the “see-through” type, and must
limit access from the top, sides, and bottom.

Containment system the assembly of components of the packaging intended
to retain the radioactive materid during transport.

Conveyance for trangport by public highway or rail, any trangport
vehicle or large freight container; for transport by water,
any vess or any hold, compartment, or defined deck
area of avessd, including any transport vehicle on board
the vessdl; and for transport by aircraft, any aircraft.
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Excusve use the sole use by asingle consgnor of a conveyance for
which dl initid, intermediate, and find loading and
unloading are carried out in accordance with the
direction of the consignor or consgnee. The consignor
and the carrier must ensure that any |loading or unloading
is performed by personnd having radiologicd training
and resources appropriate for safe handling of the
condgnment. The consgnor must issue specific
ingructions, in writing, for maintenance of exclusve use
shipment contrals, and include them with the shipping
paper information provided to the carrier by the
consignor.

Fissle materid plutonium-238, plutonium-239, plutonium-241,
uranium-233, uranium-235, or any combination of these
radionuclides. Unirradiated natural uranium and depleted
uranium, and natura uranium or depleted uranium that
has been irradiated in therma reactors only are not
induded in this definition. Certain excdlusons from fissle
material controls are provided in 10 CFR 71.53.

Fissle maerid package afissle materid packaging together with itsfissle
materid contents.

Low specific activity (LSA) materid radioactive materid with limited specific activity that
satisfies the descriptions and limits specified in
10 CFR 71.4.

Maximum norma operating pressure the maximum gauge pressure that would develop in the

containment system in aperiod of one year under the
heat condition specified in 10 CFR 71.71(c)(1), in the
absence of venting, externd cooling by an ancillary
system, or operationa controls during transport.

Normal form radioactive materid radioactive material that has not been demongtrated to
quaify as*“specid form radioactive materid.”
Optimum interspersed hydrogenous the presence of hydrogenous materia between packages
moderation to such an extent that the maximum nuclear reactivity
results.
Package the packaging together with its radioactive contents as
presented for transport.
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Packaging

Rediation leve

Radioactive contents

Radioactive materid

Specid form radioactive materid

Specific activity of aradionuclide

Surface contaminated object (SCO)

NUREG-1609

the assembly of components necessary to ensure
compliance with the packaging requirements of

10 CFR Part 71. It may consist of one or more
receptacles, absorbent materia's, spacing structures,
thermal insulation, radiation shidding, and devices for
cooling or absorbing mechanica shocks. The vehicle,
tie-down system, and auxiliary equipment may be
designated as part of the packaging.

the radiation dose-equivaent rate expressed in
millisevert(s) per hour or mSv/h (millirem(s) per hour or
mrem/h). Neutron flux dengities may be converted into
radiation levels according to Table 1, 49 CFR 173.403.

the radioactive materid within the package containment
system.

any materid having a pecific activity grester than 70 Bq
per gram (0.002 microcurie per gram).

radioactive materid that satisfies the conditions specified
in10 CFR 71.4.

the radioactivity of the radionuclide per unit mass of that
nuclide. The specific activity of amaterid in which the
radionuclide is essentidly uniformly digtributed is the
radioactivity per unit mass of the materid.

a0lid object that is not itself classed as radioactive
materid, but which has radioactive materia distributed
on any of its surfaces. SCO must be in one of two
groups with surface activity not exceeding the limits
gpecified in 10 CFR 71.4.
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Transport index

Type A quantity

Type A packaging

Type B packaging

Type B quantity

the dimensionless number (rounded up to the next tenth)
placed on the labd of a package, to designate the degree
of control to be exercised by the carrier during
trangportation. The trangport index is determined as
follows: (1) for non-fissile materia packages, the number
determined by multiplying the maximum radiation leve in
millisevert (mSv) per hour a one meter (3.3 ft) from the
externd surface of the package by 100 [equivaent to the
maximum radiaion leve in millirem per hour a one meter
(3.3ft)]; or (2) for fissle materia packages, the number
determined by multiplying the maximum radiaion leve in
millisievert per hour a one meter (3.3 ft) from the
externd surface of the package by 100 [equivaent to the
maximum radiation level in millirem per hour a one meter
(3.31t)], or, for criticality control purposes, the number
obtained as described in 10 CFR 71.59, whichever is
larger.

aquantity of radioactive materid, the aggregate
radioactivity of which does not exceed A, for specia
form radioactive materid, or A, for normd form
radioactive materid, where A; and A, aregivenin Table
A-1of 10 CFR Part 71, or may be determined by
procedures described in Appendix A of

10 CFR Part 71.

a packaging approved to trangport a Type A quantity of
radioactive contents.

a packaging approved to transport a Type B quantity of
radioactive contents.

aquantity of radioactive materid greater thana Type A
quantity.
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INTRODUCTION

This document provides guidance for the review and approva of applications for packages used to
transport radioactive materid (other than spent fuel) under Title 10, Code of Federa Regulations,
Chapter |, Part 71.

The review plan isintended primarily for use by the U.S. Nudear Regulatory Commission (NRC) gaff.
Three mgjor objectives are to:

*  Summarize the regulatory requirements for package approva
»  Describe the procedure by which the staff determines that the requirements have been satisfied

*  Document the practices developed by the NRC in previous package certifications.

The review plan complements Regulatory Guide (RG) 7.9, revisons 1 and 2, which provide guidance
to applicants on the standard format and content of gpplications for package approval.

Thisreview plan does not provide an interpretation of NRC regulations within the meaning of

10 CFR 71.2. Nothing contained in this plan may be congtrued as having the force and effect of NRC
regulations, asrelieving any licensee or certificate holder from the requirements of 10 CFR Part 71 or
other pertinent regulations, or asindicating that gpplications reviewed in accordance with this plan will
necessarily be approved.

Because of the large variety of packages and the many different approaches that can be taken to
eva uate these package designs, no single review plan can address in detail every Stuation that might be
aoplicable to areview. The staff may therefore need to modify or expand the guidance in this review
plan to adapt to specific package designs. The following areas of 10 CFR Part 71 are not withinthe
scope of thisreview plan:

e Shipment of irradiated nuclear fud

e Shipment of plutonium by ar

* Qudification and shipment of low specific activity materia and surface contaminated objects

e Qudification of specid form radioactive materid

* Approvd of aqudity assurance program

» Reports, notifications, violations, and criminad pendties

* Exemptions and generd licenses

» Reguirementsincorporated into 10 CFR Part 71 by reference to other regulations, eg.,

10 CFR Parts 20, 21, 30, 40, 70, 73, and DOT or U.S. Postal Service regulations.

The review plan is organized at the section level in aformat Smilar to that recommended in RG 7.9 for
an gpplication. At the subsection leve, the review plan addresses the technical and regulatory bases for
the review, the manner in which the review is accomplished, and findings thet are generdly applicable
for a package that meets the gpprova standards. Each section follows the format below:
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Subsection 1. Review Objective
This subsection states the objective of the review for each section.
Subsection 2. Areas of Review

This subsection identifies the principal areas that are reviewed to demondrate that the package design
complies with regulatory requirements. In generd, the areas of review correspond to the mgor
subsections of RG 7.9.

Subsection 3. Regulatory Requirements

This subsection summarizes the applicable regulatory requirements of 10 CFR Part 71. In many
instances, the wording from the regulation is shortened, and two or more related requirements are
sometimes combined for brevity. As discussed above, however, the modification in wording is not
intended to change or interpret the regulations.

Subsection 4. Acceptance Criteria

This subsection includes the regulatory requirements by reference and identifies other criteriato
demondtrate that the package meets the regulatory requirements.

Subsection 5. Review Procedures

This subsection provides guiding procedures for the review of a package. The review isorganized in
pardld with the areas of review identified in Subsection 2 above. Because of the large number of
different package designs, the staff may need to expand or modify these procedures to adapt to a
gpecific package or to address the method of evaluation presented in the application.

No section of an application for package approva is reviewed independently from information
presented in other sections. For example, the Criticdity Evauation dependsin part on (1) the
packaging and contents description presented in the Genera Information section and (2) the condition
of the package under the hypothetical accident condition testsin the Structurd and Thermal

Evduations. Likewise, the results of the Criticdity Evaduation may result in the need to implement
specific Operating Procedures or Acceptance Tests. Each Review Procedures subsection of the review
plan presents a schematic representation of this interface. These representations are intended only as
examples, specific interfaces may vary for a particular package design.

The results of the staff review are documented in a Safety Evaluation Report which summarizes the:
* Applicable regulatory requirements
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*  Methods by which the gpplication demonstrated that these requirements were met
» Staff'sreview of the evaluation presented in the gpplication.

Subsection 6. Evaluation Findings

This subsection presents an example of the mgor finding that may be included in the Safety Evauation
Report. The staff will modify the wording as appropriate to address specific details of the gpplication
and methods of review.

Subsection 7. References
This subsection identifies references cited in the section.
Appendices

The appendicesto this review plan provide detailed information on severa types of packages
commonly reviewed by the NRC staff. These appendices are intended to supplement information in the
review plan by identifying key safety features and principa aress of review that are typical for each
package type.

U.S. Code of Federa Regulations, “Packaging and Transportation of Radioactive Materid,” Part 71,
Chapter I, Title 10, “Energy.”

U.S. Nuclear Regulatory Commission, “ Standard Format and Content of Part 71 Applications for
Approva of Packaging for Radioactive Materid,” Task FC 416-4, Divison 7, Proposed Revison
2 to Regulatory Guide 7.9.

U.S. Nuclear Regulatory Commission, “Standard Format and Content of Part 71 Applications for
Approva of Packaging of Type B, Large Quantity, and Fissle Radioactive Materid Packages,”
Revison to Regulatory Guide 7.9, Rev. 1.
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1 GENERAL INFORMATION REVIEW

1.1 Review Objective

The objective of thisreview isto verify that the package design has been described in sufficient detail to
provide an adequate basis for its evauation.

1.2 Areasof Review

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

» Purpose of Application

*  Summary Informetion
1.2.2 Package Description

* Packaging

e Containment Boundary

e Contents

e Operationa Features

1.2.3 General Requirementsfor All Packages

*  Minimum Sze
e Tamper-Indicating Feature

1.2.4 Appendix
* Drawings
1.3 Regulatory Requirements

The requirements of 10 CFR Part 71 gpplicable to the Genera Information section of the gpplication
indude:
* Theagpplication 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 gpplication must include a description of the contents in sufficient detail to provide an
adequate basis for evauation of the packaging design. [871.31(a)(1), §71.33(b)]

»  The gpplication must reference the gpplicant’s NRC-approved quality assurance program.
[871.31(a)(3), 871.37]
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The gpplication must identify the established codes and standards for the package design,
fabrication, assembly, testing, maintenance, and use, as applicable. [§71.31(C)]

An application for renewa of a previoudy approved package must be submitted no later than
30 days prior to the expiration date of the approval to assure continued use. [§71.38]

All changesin the conditions of package approva must be approved by the NRC. An
gpplication for modification of a previoudy approved package may be subject to the provisons
of 8§71.13 and §71.31(b). [8§71.107(c)]

The smallest overal dimengion of the package must not be lessthan 10 cm (4 in.). [871.43(a)]

The outsde 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)]

A package containing plutonium in excess of 0.74 TBq (20 Ci) must satisfy the specia
containment requirements for plutonium. [871.63]

A fissle materid package must be assigned a transport index for nuclear criticdity control to
limit the number of packagesin a single shipment [§71.59, §71.35(b)]

A package with atransport index greater than 10 must be transported by exclusive-use
shipment. [8§71.47(b), §71.59(c)]

1.4 Acceptance Criteria

The package must meet the regulatory requirements summarized in Section 1.3.

The package design and operation must be described in sufficient detail to provide an adequate
bassfor its evauation under 10 CFR Part 71. The design must be shown on engineering
drawings that can be referenced in the certificate of compliance.

1.5 Review Procedures

The review should ensure that the Genera Information section describes the package design and
operation in sufficient detail so that the performance of the package can be evauated in subsequent
sections of the gpplication. Figure 1-1 illugtrates typica information presented in the Genera
Information section and its relationship to the description and evauation of the package in subsequent
sections.
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Figure 1-1 Information Flow for General Information

1.5.1 Introduction
1.5.1.1 Purpose of Application

The purpose of the application should be clearly stated. The gpplication may be for gpprova of anew
design, for modification of an gpproved design, or for renewd of an existing gpprova (e.g., certificate
of compliance). Applications for gpprova of a new design should be whole and complete, and should
contain the information identified in Subpart D of 10 CFR Part 71.

Applications for modification of an approved design should dearly identify the changes being requested.
Modifications may include design changes, changesin authorized contents, or changesin conditions of
the approva. Design changes should be clearly identified in revised packaging drawings. Packagings
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that do not conform to the drawings referenced in the NRC approvd are not authorized for use under
the generd licensein 871.12. Likewise, only contents specified in the approva may be transported.
Package operating procedures, acceptance tests, and the maintenance program may aso be specified
as conditions of the gpprova.

Applications for modifications of an gpproved design should include an assessment of the requested
changes and judtification that these changes do not affect the ability of the package to meet the
requirements of 10 CFR Part 71. Applications for modifications may be subject to the provisions of
§71.13 and §71.31(b), as applicable.

Applications for renewa of an existing gpprova should be made prior to 30 days of expiration of the
gpproval to assure continued use. Expiration of approvas and applications for renewd are subject to
the provisions of §71.38.

1.5.1.2 Summary Information
Veify that the gpplication references the gpplicant’s NRC-approved quality assurance program.

Confirm that the package type and model number are designated. A new Type B package design will
be designated B(U)-85 unlessit has amaximum normal operating pressure gregter than 700 kPa

(100 ps) gauge or a pressure relief device that would alow the release of radioactive materid under the
tests specified in 871.73 (hypothetical accident conditions). In those cases, the package will be
designated B(M)-85.

Review the intended use of the package and the maximum activity of the contents. Ensure they are
consistent with the designated package type.

Ensure that any regtrictions regarding the type of conveyance for shipment of the package are
designated.

For Type B packages, verify that the designated package category is properly justified. Definitions of
package categories are summarized in Table 1.1. Detailed judtification, including caculation of an
effective A, or A, from the maximum activity of the contents, might be presented in the appendix or in
another section of the application (e.g., Containment). Based on the category designation, ensure that
appropriate ASME code (ASME 1995) or other criteria (NUREG/CR-3019; NUREG/CR-3854), are
specified for components that affect the structura integrity of containment, criticality, or shieding.

Tablel.1 Category Designationsfor Type B Packages (from RG 7.11)

Contents Form/ Category | Category 11 Category 111
Category
Special Form Grester than 3,000 A, or Between 3,000 A, and 30 A, | Lessthan30 A, and less
greater than 1.11 PBq and not greater than 1.11 than 1.11 PBq (30,000 Ci)
(30,000 Ci) PBq (30,000 Ci)
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Normal Form Grester than 3,000 A, or Between 3,000 A, and 30A,, | Lessthan 30 A, and less
greater than 1.11 PBq and not greater than 1.11 than 1.11 PBq (30,000 Ci)
(30,000 Ci) PBq (30,000 Ci)

For fissle materid packages, confirm that a trangport index for criticdity is designated for each
contents.

Based on the transport index, determineif the trangport of the package will be restricted to
exclusve-use shipment.

1.5.2 Package Description
15.2.1 Packaging

Review the text description of the packaging. Sketches, figures, or other schematic diagrams should be
provided as appropriate. Engineering drawings of the package should be presented in the gppendix.
Verify that the following information, as gpplicable, is adequatdy discussed:

*  Generd packaging description, induding overdl dimensons, maximum weight, and minimum
weight if gppropriate

o Containment features (see Section 1.5.2.2)

*  Neutron and gamma shielding features, including personnel barriers

» Criticdity contral features, including neutron poisons, moderators, and spacers

o Structurd features, such aslifting and tie-down devices, impact limiters or other energy-
absorbing features, internd supporting or positioning features, outer shell or outer packaging,
and packaging closure devices

* Hest transfer features

» Packaging markings.

Proprietary information, such as specific design details shown on the engineering drawings, may be
withheld from public disclosure subject to the provisons of 10 CFR 2.790. The request for withholding
must be accompanied by an affidavit and must include information to support the claim that the materia
is proprietary. Requests for withholding are reviewed by the Office of the General Counsel for
compliance with the requirements of 10 CFR 2.790.

1.5.2.2 Containment Boundary

Verify that the gpplication defines the exact boundary of the containment system. This may include the
containment vessel, welds, drain or fill ports, valves, sedls, test ports, pressure relief devices, lids, cover
plates, and other closure devices. If multiple sedls are used for a single closure, the sed defined asthe
containment-system sed should be clearly identified. A sketch of the containment system should be
provided. All components should be shown on the engineering drawings in the gppendix.
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If the contents include plutonium in excess of 0.74 TBq (20 Ci), the packaging must have both an inner
and outer containment system unless exempted by §71.63.

Additiond information regarding the review of the containment boundary is addressed in Section 4 of
this review plan.
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1.5.2.3 Contents

Confirm that the contents are described in the same detail as intended for the certificate of compliance.
The description should include, as a minimum, the following information:
e |dentification and maximum quantity (radioactivity or mass) of the radioactive materid
e |dentification and maximum quantity of fissle materid
e Chemicd and physicd form, including density and moisture content, and the presence of other
moderating condtituents

* Location and configuration of contents within the packaging, including secondary containers,
wrgpping, shoring, and other materia not defined as part of the packaging

o ldentification and quantity of nonfissile materials used as neutron absorbers or moderators

* Any materid subject to chemica, galvanic, or other reaction, including the generation of
combustible gases

e Maximum normal operating pressure

e Maximum weight, and minimum weight if gppropriate

e Maximum decay hest.

1.5.2.4 Operationa Features

Verify that appropriate operationd features are discussed. A schemeétic diagram of any specia
operationa features should be included if gpplicable.

1.5.3 General Requirementsfor All Packages
Verify that the package meets the following requirements of 871.43 (Genera requirements for dl
packages):

* Thesmdles overdl dimenson of the packageis not lessthan 10 cm (4 in.).

» Theoutsde of apackage incorporates a feature that, while intact, is evidence that the package
has not been opened by unauthorized persons.

1.5.4 Appendix

Verify that information on the engineering drawingsis sufficiently detalled and consstent with the
package description.

Transport of radioactive materials must be authorized by license, as pecified in §871.3. The generd
license in §871.12 authorizes licensees to transport radioactive materids in packages gpproved by the
NRC and requires licensees to comply with the provisions of the generd license, including the terms
and conditions of the package approval. As noted in Section 1.5.1.1 above, packages that do not
conform to the drawings specified in the NRC approval are not authorized for use.
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Confirm that each drawing has atitle block that identifies the preparing organization, drawing number,
sheet number, title, date, and signature or initias indicating gpprova of the drawing. Revised drawings
should identify the revison number, date, and description of the change in each revision. Proprietary
information should be dearly identified. The drawings should include:

* Gened arangement of packaging and contents, including dimensions

» Design features which affect the package evaluation (see Section 1.5.2.1)

e Packaging markings

e Maximum dlowable weight of package

e Maximum alowable weight of contents and secondary packaging

e Minimum weights, if appropricte
Information on design features should include, as gppropriate:

» ldentification of the design feature and its components

* Materidsof condruction, including appropriate materia specifications

o Codes, standards, or other similar specification documents for fabrication, assembly, and testing
e Location with respect to other package features

o Dimendons with gppropriate tolerances

* Operationd specifications (e.g., bolt torque)

e Wed design and ingpection method.

Additiona guidance on engineering drawings submitted in the application is provided in
NUREG/CR-5502.

Confirm that the appendix includes a ligt of references and a copy of any applicable reference not
generdly available to the reviewer. The gppendix should also provide supporting informeation on specia
fabrication procedures, determination of the package category, and other appropriate supplementa
information.

1.6 Evaluation Findings

The Safety Evauation Report does not usudly include specific findings for the Generd Information
section of the gpplication.

1.7 References
American Society of Mechanicd Engineers, ASME Boiler and Pressure Vessel Code, New Y ork.

U.S. Nuclear Regulatory Commission, “Engineering Drawings for 10 CFR Part 71 Package
Approvas,” NUREG/CR-5502, May 1998.
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U.S. Nudlear Regulatory Commission, “Fabrication Criteriafor Shipping Containers,” NUREG/CR-
3854, March 1985.

U.S. Nuclear Regulatory Commission, “Fracture Toughness Criteria of Base Materid for Ferritic Stedl
Shipping Cask Containment Vessds with a Maximum Wall Thickness of 4 Inches (0.1 m),”
Regulatory Guide 7.11.

U.S. Nuclear Regulatory Commission, “ Recommended Welding Criteriafor Use in the Fabrication of
Shipping Containers for Radioactive Materials,” NUREG/CR-3019, March 1984.
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2 STRUCTURAL REVIEW

2.1 Review Objective

The objective of thisreview isto verify that the structura performance of the package design has been
adequately evauated for the tests specified under norma conditions of trangport and hypothetical
accident conditions, and that the package has adequate structurd integrity to meet the requirements of
10 CFR Part 71.

2.2 Areasof Review

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

2.2.1 Description of Structural Design
o Destriptive Information including Weights and Centers of Gravity
e |dentification of Codes and Standards
2.2.2 Materials
» Materid Properties and Specifications
* Prevention of Chemical, Galvanic, or Other Reactions
» Effectsof Radiation on Materids
2.2.3 Fabrication and Examination
* Fabrication
e Examindion
2.2.4 Liftingand Tie-Down Standardsfor All Packages
2.2.5 General Considerations

o Evauationby Tes
e Evdudion by Andyss
e Pressure

2.2.6 Normal Conditionsof Transport
* Hesat
« Coald

¢ Reduced Externa Pressure
e Increased External Pressure
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Vibration
Water Spray
Free Drop
Corner Drop
Compression
Penetration

2.2.7 Hypothetical Accident Conditions

Free Drop

Crush
Puncture

Therma
Immerson—Fissle materid

Immersion—All packages

2.2.8 Appendix

2.3 Regulatory Requirements

Regulatory requirements of 10 CFR Part 71 applicable to the Structura review are asfollows:

The package must be described and evaluated to demonstrate that it meets the structural
requirements of 10 CFR Part 71. [8§71.31(a)(1), §71.31(a)(2), §71.33, §71.35(a)]

The performance of the package must be evaluated under the tests specified in §71.71 for
normal conditions of transport. [§71.41(3)]

The performance of the package must be evauated under the tests specified in 871.73 for
hypothetica accident conditions. [§71.41(a)]

The application must identify the established codes and standards used for the structurd design.
[§71.31(C)]

The package must be made of materids and congtruction that assure thet there will be no
sgnificant chemicd, gavanic or other reactions, including reactions due to possible inleskage of
water, among the packaging components, among package contents, or between the packaging
components and the package. The effects of radiation on the materids of congtruction must be
considered. [871.43(d)]
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» The package must be designed, constructed, and prepared for shipment so there would be no
loss or dispersd of contents, and no substantia reduction in the effectiveness of the packaging
under the tests specified in 871.71 (normal conditions of transport). [871.43(f), 871.51(a)(1)]

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

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

2.4 Acceptance Criteria
» The package must meet the regulatory requirements listed in Section 2.3.

* The package must have adequate structurd integrity to meet the containment, shielding,
subcriticality, and temperature requirements of 10 CFR Part 71.

2.5 Review Procedures

The gtructura review should ensure that the package design has been adequately described and
evauated under the norma conditions of transport and the hypothetical accident conditions to
demondtrate sufficient structural integrity to meet the requirements of 10 CFR Part 71.

The structurd review is based in part on the descriptions and eva uations presented in the Genera
Information and the Therma Evauation sections of the gpplication. Smilarly, results of the structurd
review are conddered in the review of dl other sections of the gpplication. An example of this
information flow for the structura review is shown in Figure 2-1.

2.5.1 Description of Structural Design
25.1.1 Destriptive Information Including Weights and Centers of Gravity

Review the package description presented in the Generd Information and Structural Evauation sections
of the application. Descriptive information important to structures includes:

» Dimensons, tolerances, and materias
e Maximum and minimum weights and centers of gravity of packaging and mgor sub-assemblies

e Maximum and minimum weight of contents, if gppropriate
e Maximum norma operating pressure

» Description of closure system

o Destription of handling requirements

» Fabrication methods, as appropriate.
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Confirm that the text and sketches describing the structurd design features are congstent with the

engineering drawings and the models used in the structurd eva uation.

Qeneral
Enformaticn

+  FzckBEge cetsgary
+ Maleriaks

= Dimenslons

+ Waignta

;

Tharmal
Evaluation

= Praaeuras

«  Tararatures

= Clogure requimaments
= Halt tergue

+  Loading oaliguratian
«  Liftirey con’lgueeticn

= Tee-dawn confiquration

» Handling restricticra

NUREG-1609

Structural Review
Loading
+  Compaessich + Crush * |H’1Fﬁﬂ[ +  Load cormblhaliess
2 Pengtratlan + Praggyra = Punctura =« ibraticn
+ Walser epray * Thamal
Evaluation
+ Matarial proparisa = Strees gnakyeic = Phyescal tesling
Aeaults
= Buklinegy * laiigue *  Gtrain and + Stross
+  Fracture + Water iwlcakogs HefoimEtian:
Thermal Containmant Shialding Cridealhty
Evaluation Ewaluation Evalualion Evaluatlon
v Delomaicn «  Detarmnrtian of the +  Package dslornadlen + Package deformakion
: vonlainmenl i
» Cnshingpunctura boundary = Cnakingpunciuss - Il‘.spéaoen‘rentbl_
R contanta enc peaca
+ Chemicel ard d
g b reactkens = Slump
+  Cantants candlthan +  [lsplacement o
contarie and
shi:kdiny
Y ¥
Cparatng Acceptance Teaty and
Procedures Malntenance Program

* Ce¢des ard standarde

*  Prossure and
airucturel fests

» {omponent teets

24




Figure2-1 Information Flow for the Structural Review
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25.1.2 Identification of Codes and Standards for Package Design

Review the codes and standards that have been identified by the gpplicant. The review should include
an assessment of the gpplicability of the codes and standards that the applicant hasidentified. The
assessment may include the following considerations:

* The code or standard was developed for structures or features of Smilar design and materid, if
not specificaly for shipping packages.

* Thecode or gandard was developed for structures with smilar loading conditions.

e Thecode or sandard was devel oped for structures that have smilar consequences of fallure.

* The code or standard adequately addresses potential failure modes.
» The codes or standard addresses margins of safety.

The code or standard should consider the package category (see Table 1.1) as appropriate.
NUREG/CR-3854 provides alist of industria codes and standards which may be used for fabricating
components of transportation packagings according to package category.

Severa regulatory guides and NUREGs provide additiond design guidance for evauation of packages
using information from exigting codes and practices. RG 7.8 identifies the load combinations to be used
in package design evauation. RG 7.6 provides design criteriafor the containment system of Type B
packages. NUREG/CR-4554, Val. 6 discusses the buckling evauation of containment vessels.
NUREG/CR-3019 presents criteria for transportation package welding.

2.5.2 Materials
25.2.1 Materia Properties and Specifications

Review the properties of the materials of construction. An gppropriate specification should be identified
for the control of each materid. Materids and their properties should be consistent with the design code
or standard sdlected. If no standard is available, the application should provide adequately documented
materid properties and specifications for the design and fabrication of the packaging.

Verify that the materias of tructura components have sufficient fracture toughness to preciude brittle
fracture under normal conditions of transport and hypothetica accident conditions. RGs 7.11 and 7.12
provide criteria for fracture toughness.

Verify that the materid properties are appropriate for the load conditions (e.g., static or dynamic impact
loading, hot or cold temperatures, and wet or dry conditions). Verify that appropriate temperatures at
which dlowable dress 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 and temperature.
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2.5.2.2 Prevention of Chemica, Gavanic, or Other Reactions

Review the materids and coatings of the package to verify that they will not produce a Sgnificant
chemica or gavanic reaction among packaging components, among packaging contents, or between
the packaging components and the package contents. The review should consider reactions resulting
from inleekage of water. Evauate the possible generation of hydrogen and other flammable gases.
Gdvanic interactions and the formation of eutectics should be consdered for metalic components that
may come into physica contact with one another. Such interactions may occur with depleted uranium,
leed, or duminum in contact with sted.

25.2.3 Effects of Radiation on Materias

Verify that any damaging effects of radiation on the packaging materids have been appropriately
consdered. These effects may include degradation of sedls, seding materias, coatings, adhesives, and
gructurd materids.

2.5.3 Fabrication and Examination
2.5.3.1 Fabrication
Fabrication generdly addresses.

* Forming, fitting, and digning
e Wdding and brazing

e Hest trestment

*  Mechanicd joints.

If fabrication specifications are prescribed by an acceptable code or standard (e.g., ASME, AWS), the
code or standard should be identified on the engineering drawings (NUREG/CR-5502). Unless the
gpplication justifies otherwise, specifications of the same code or standard used for design should al'so
be used for fabrication. For components for which no code or standard is applicable, the gpplication
should identify the specifications on which the eva uation depends and describe the method of control to
assure that these pecifications are achieved. This description may reference a qudity assurance or
other gppropriate specifications document, which should be specified on the engineering drawings. As
noted in Section 1 of thisreview plan, the engineering drawings are generdly included as conditions of
gpprova in the certificate of compliance.

2.5.3.2 Examination

Examination addresses the methods and criteria by which the fabrication is determined to be
acceptable. Unless the application judtifies otherwise, specifications of the same code or standard used
for fabrication should dso be used for examination. For components for which no fabrication code or
standard is gpplicable, the application should summarize the examination methods and acceptance
criteriain Section 8, Acceptance Tests and Maintenance Procedures. As noted in Section 8 of this
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review plan, acceptance tests are generaly included as conditions of approva in the certificate of
compliance.

2.5.4 Liftingand Tie-Down Standardsfor All Packages
254.1 Lifting Devices

Review the design and evauation of lifting devicesthat are a structurd part of the package, their
connection with the package body, and the package body in the loca area around the lifting devices.
Verify that the evauation demongtrates these devices comply with the requirements of §71.45(a),
including failure under excessve |load.

25.4.2 Tie-Down Devices

Review the design and eva uation of tie-down devices that are a structura part of the package, their
connection with the package body, and the package body in the local area around the tie- down
devices. Verify that the evauation demongtrates these devices comply with the requirements of
§71.45(b), including failure under excessive load.

2.5.5 General Considerations

The evauation should demongtrate that the structura performance of the package meets the criteria
discussed in Section 2.5.6 for normal conditions of transport and in Section 2.5.7 for hypothetica
accident conditions.

e  Themod limiting initia conditions have been used (see RG 7.8 for guidance on initid condition
seection).

* The evauation methods are gppropriate for the loading conditions considered and follow
accepted practices and precepts.

o Theinterpretations of results are correct.

*  Themost damaging orientations have been considered. The most damaging orientation for one
component may not be the most damaging for another component.

» Desgn criteriasuch asthose provided in RG 7.6 have been applied.

255.1 Evauation by Test
If the package is evaduated by testing, the review should include at least the following:

* Review the description of the surface (e.g., materia, mass, dimensions) used for the free drop
and crush test. Confirm that it represents an essentidly unyielding surface as specified in
§71.73(c)(1).

» Review the description of the stedl bar (e.g., materid, dimensions, orientation, method of
mounting) used for the puncture test. Confirm thet it is securdly atached to an essentiadly
unyieding surface, has sufficient length to cause maximum damage to the package, and meets
the other specifications of §71.73(c)(3).
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Verify that the test pecimen has been fabricated using the same materids, methods, and quaity
assurance as specified in the design. Any differences should be identified and the effects
evauated in the gpplication. Subdtitutes for the contents should have the same representative
weight as the actua contents.

Verify that the sdected drop orientations consider the orientations for which maximum damage
is expected, and that the selection is judtified.

Verify that dl test results are evauated and their implications interpreted, including both interior
and exterior damage of the test article. Unexpected or unexplainable test results indicating
possible testing problems or non-reproducible specimen behavior should be discussed and

eva uated.

Review the video and photos of the tests, if available.

Verify that the tests demonstrate an adequate margin of safety. The test results should clearly
show that the effects of the tests can be reiably reproduced. Verify that the description of the
test results includes a discussion of the effects of uncertainties in mechanicd properties, test
conditions, and diagnogtics.

Review the criteriafor evaluaing pass/ fal for the test conditions. Compare the test results with
these criteria

255.2 Evaudion by Andyss
If the gpplication provides evaduation by andydss, the review should include at least the following:

Verify that a clear description of the caculation, and dl assumptions, are included (see RG 7.6
for guidance on design criteriafor anayss).

Verify that the response of the package to loads, in terms of stress and strain to components
and gructurd members, is shown, and that the structurd stability of individua members, as
goplicable, is evauated.

Verify that the andyticad method consdersimpact a any angle, rigid-body rotation, and
secondary impact (dap down).

Verify that the computer codes, if used, are vaid for the intended application, use methods that
are consstent with standard practice and procedures, and are benchmarked.

Verify that a dynamic amplification factor has been gppropriately applied if a quas-datic
andysis technique has been used. A summary of quasi-gatic and dynamic andysis methods for
impact analysisis provided in NUREG/CR-3966.

Verify that the models and materia properties are appropriate for the load combinations
consdered. Ensure that the materia properties (e.g. dadtic, plagtic) are consstent with the
andysis methods. The gpplication should jugtify the strain rate a which the properties were
determined. Confirm that the analys's congders true stress-gtrain or engineering stress-sirain, as
gpplicable.
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* Review the summary table of the results of the andyses, compare the results with the
acceptance criteria provided, and verify that the acceptance criteria have been met. Verify that
the criteria are in accordance with appropriate codes and standards.
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2.5.5.3 Pressure

Prior to first use of each packaging with amaximum normal operating pressure exceeding 35 kPa
(5 ps) gauge, the containment system must be pressure tested at 150% of its maximum normdal
operating pressure in accordance with §71.85(b). Confirm that the analyss of this acceptance test is
provided in the gpplication.

2.5.6 Structural Evaluation under Normal Conditions of Transport

The evduation of the package under the normal conditions of trangport is based on the effects of the
tests and conditions specified in §871.71. These tests must not result in a decrease in package
effectiveness. For example, there should be:

* Nolossor dispersa of contents

* No sructura changes reducing the effectiveness of components required for shieding, for heet
trandfer, or for maintaining subcriticaity or contanment

» No changes to the package affecting its ability to withstand the hypothetica accident conditions.

The ambient air temperature before and after the tests must remain at that vaue between -29EC
(-20EF) and +38EC (100EF) which is mogt unfavorable for the feature under consideration. The initia
internal pressure in the containment vessdl must be considered to be the maximum normal operating
pressure, unless alower internal pressure consistent with the selected ambient temperature isless
favorable.

25.6.1 Heat

Confirm that the evauation of therma performance and the maximum temperatures under the heat
condition are condstent with the Therma Evauation section.

The evauations should consder the maximum norma operating pressure in combination with the
maximum interna heat load and any residud fabrication sresses. Verify that any differentia thermad
expansions and possible geometric interferences have been consdered.

If the structurd design has been evduated by engineering analyss, verify that the stresses are within the
limits for norma condition loads.

2.5.6.2 Cold

Confirm that the evauation of thermal performance and the temperatures under the cold test condition
are conggent with the Thermal section.

The evaduations should congder the minimum internd pressure with the minimum interna heat load
(typically assumed to be no decay heet) and any residua fabrication stresses. Verify that differentia
thermd expangons that could result in possible geometric interferences have been consdered. Verify
that possible freezing of liquids has been considered.

Verify that the stresses are within the limits for norma condition loads.
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2.5.6.3 Reduced Externa Pressure

Determine that the gpplication adequately evaluates the package design for the effects of reduced
externd pressure equa to 25 kPa (3.5 ps) absolute. Verify that the application considers the grestest
possible pressure difference between the ingde and outside of the package aswell as the inside and
outsde of the containment system.

2.5.6.4 Increased Externa Pressure

Determine that the application adequately eva uates the package design for the effects of increased
externd pressure equa to 140 kPa (20 ps) absolute. Verify that the application consders this loading
condition in combination with minimum internd pressure. Verify that the application consders the
greatest possible pressure difference between the insde and outside of the package aswell astheinsde
and outside of the containment system. Congider the possibility of buckling (see NUREG/CR-4554,
Val. 6).

2.5.6.5 Vibration

Determine that the application adequately eva uates the package design for the effects of vibration
normaly incident to trangport. A fatigue andysis should be provided for highly stressed systems,
considering the combined stresses due to vibration, temperature, and pressure loads. If closure bolts
are reused, verify that the bolt preload isincluded in the fatigue evauation. NUREG/CR-6007 provides
guidance on bolt evauation. Verify that a resonant vibration condition, which can cause rgpid fatigue
damage, is not present in any packaging component. The effect on package internas should be
consdered. Additiona guidance for vibration evaduation is provided in NUREG/CR-2146 and
NUREG/CR-0128.

2.5.6.6 Water Spray

Review the package design for the effects of the water spray test. Verify that this test has no significant
effect on materia properties.

2.5.6.7 FreeDrop

Review the package design for the effects of the free drop test. The gpplication should address factors
such as drop orientation, effects of free drop in combination with pressure, heat, and cold temperatures,
and other factors discussed in Section 2.5.5.

Review the evauation of the closure lid bolt design for the combined effects of free drop impact force,
interna pressures, therma stress, O-ring compression force, and bolt preload. Bolt evaluation methods
are presented in NUREG/CR-6007.

Review the evaluation of other package components, such as port covers, port cover plates, and shield
enclosures, for the combined effects of package drop impact force, internd pressures, and thermal
stress.

2.5.6.8 Corner Drop
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Review the package design for the effects of the corner drop test, if gpplicable.
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2.5.6.9 Compression
Review the package design for the effects of the compression test, if applicable.
2.5.6.10 Penetration

Review the evaluation of the package for the penetration test. Verify that the gpplication consders the
package |location which is mogt vulnerable.

2.5.7 Structural Evaluation under Hypothetical Accident Conditions

The evauation under hypothetical accident conditions must be based on sequentia application of the
tests specified in 871.73, in the order indicated, to determine their cumuletive effect on a package. The
evauation of the ability of a package to withstand any one test must consider the damage that resulted
from the previous tests. In addition, as stated in Section 2.5.6, the tests under normal conditions of
transport must not affect the package's ability to withstand the hypothetical accident condition tests.

Confirm that the eva uation demondtrates that the package has adequate structurd integyrity to satisfy the
containment, shielding, and subcriticdity requirements of 10 CFR Part 71 under the hypothetica
accident conditions:

* Indadtic deformation of the containment closure and sed system is generdly unacceptable for
the containment evauation.

* Deformation of shielding components should be reviewed in terms of the shielding evauation.

» Deformation of components required for heat transfer or insulation should be reviewed in terms
of the thermd evauation.

»  Deformation of components required for subcriticaity should be reviewed in terms of the
criticaity evauation.

With respect to the initid conditions for the tests (except for the water immersion tests), the ambient air
temperature before and after the tests must remain at that val ue between -29EC (-20EF) and +38EC
(100EF) which is most unfavorable for the feature under consideration. Theinitia interna pressure
within the containment system must be the maximum norma operating pressure, unless alower internd
pressure cong stent with the selected ambient temperature is less favorable,

2.5.7.1 FreeDrop

Review the evaluation of the free drop. Verify that structura integrity has been evauated for the drop
orientation which causes the most severe damage, including center-of-gravity-over-corner, oblique
orientation with secondary impact (dap down), sde drop, and drop onto the closure. The most
damaging orientation for one component might not be the most damaging orientation for another
component. If afeature such as atie-down component is a structura part of the package, it should be
consdered in the selection of the drop test configurations and the drop orientation.

For a package with lead shielding, the effects of lead dump should be evauated. The lead dump
determined should be consstent with that used in the shilding evauation. Lead dump isdiscussed in
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NUREG/CR-4554, Vol. 3.

Review the evauation of the closure lid bolt design for the combined effects of free drop impact force,
internal pressures, thermd stress, O-ring compression force, and bolt preload. Bolt evaluation methods
are presented in NUREG/CR-6007.

Review the evaluation of other package components, such as port covers, port cover plates, and shield
enclosures, for the combined effects of package drop impact force, internal pressures, and therma
stress.

Buckling of package components should be considered. Evaluation of containment vessd buckling is
discussed in NUREG/CR-4554, Val. 6.

2.5.7.2 Crush

If applicable, review the evaluation of the package for the dynamic crush condition. Verify that the
choice of the most unfavorable orientation has been judtified.

2.5.7.3 Puncture

Review the evaduation of the package for the puncture test. Verify that the position for which maximum
damage would be expected has been identified and judtified. Any damage resulting from the free drop
and crush conditions must be considered when evaluating this test.

Although andyticd methods are availadle for predicting puncture, empirica formulas derived from
puncture test results of laminated pands are usudly used for the design of packages. The Nelm's
formula developed specificaly for package design provides the minimum thickness needed for
preventing the puncture of the sted surface layer of atypica sted-lead-stedl laminated cask wall. A
description of methods for puncture evauation is provided in NUREG/CR-4554, Val. 7. Additiona
condgderationsin puncture testing are identified in NRC Bulletin 97-02.

Verify that punctures at oblique angles, near a support, at avave, and at a penetration have been
considered, as appropriate.

2574 Therma

Veify that the structural design is evduated for the effects of afully engulfing fire, as specified in
871.73(c)(4). Any damage resulting from the free drop, crush, and puncture conditions must be
incorporated into the initial condition of the package for the fire test. Confirm that the determination of
the maximum pressure in the package during or after the test considers the temperatures resulting from
the fire and any increase in gas inventory caused by combustion or decomposition processes. Verify
that the maximum therma stresses, which can occur either during or &fter the fire, are evduated and are
conggent with the Thermal Evaluation section of the gpplication.
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2575 Immerson—Fisdle Materid

If the contents include fissle materia subject to the requirements of §71.55, and if water inleskage has
not been assumed for the criticality andys's, review the evaluation of the test of a damaged specimen
immersed under a head of water of at least 0.9 m (3 ft.) in the orientation for which maximum leskage is

expected.
25.7.6 Immerson—All Packages

Review the evauation of a separate, undamaged specimen subjected to water pressure equivalent to
immersion under a head of water of at least 15 m (50 ft.). For test purposes, an externa pressure of
water of 150 kPa (21.7 ps) gauge is considered to meet these conditions.

2.5.8 Appendix

Confirm that the gppendix includes alist of references, copies of gpplicable referencesif not generdly
available to the reviewer, computer code descriptions, input and output files, test results, and other
appropriate supplementa information.

If the package is evauated by test, review the description. The description should include:

e Test procedures

* Tedt package description

e Tedtinitid and boundary conditions

e Test chronologies (planned and actud)

» Photographs of the package components, including any structural damage, before and after the
tests

*  Test measurements, including, a a minimum, documentation of test package physica changes
asareault of thetests

o Tedreaults
¢ Methods used to obtain these corrected results.

2.6 Evaluation Findings

The Safety Evauation Report should include afinding smilar to the following:

Based on review of the statements and representations in the gpplication, the staff concludes
that the structural design has been adequately described and evaluated and that the package
has adequate structural integrity to meet the requirements of 10 CFR Part 71.
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3 THERMAL REVIEW

3.1 Review Objective

The objective of thisreview isto verify that the therma performance of the package design has been
adequatdly evaluated for the thermal tests specified under norma conditions of transport and
hypothetica accident conditions, and that the package desgn meets the therma performance
requirements of 10 CFR Part 71.

3.2 Areasof Review

The description and eva uation of the package thermad design should be reviewed. The thermd review
should indude the fallowing:

3.2.1 Description of Thermal Design

e Dedgn Features

* Contents Decay Heat
e Summary Tables of Temperatures

e Summary Tables of Maximum Pressures in the Containment System

3.2.2 Material Propertiesand Component Specifications
o Materid Therma Properties
*  Component Specifications
3.2.3 General Considerations
e Evduation by Andyss
e Evduationby Test
* Marginsof Safety
3.2.4 Thermal Evaluation under Normal Conditions of Transport

e Heat and Cold
e Maximum Norma Operating Pressure
e Maximum Thermd Stresses
3.2.5 Thermal Evaluation under Hypothetical Accident Conditions
* Initid Conditions
» FireTes Conditions

e Maximum Temperatures and Pressure
e Maximum Thermd Stresses
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3.2.6 Appendix

Description of Test Facilities

Test Reaults

Applicable Supporting Documents or Specifications
Andyses Detalls

3.3 Regulatory Requirements

Regulatory requirements of 10 CFR Part 71 gpplicable to the thermd evauation are as follows:

The package design must be described and evaluated to demondirate that it satisfies the thermal
requirements of 10 CFR Part 71. [§71.31(a)(1), §71.31(a)(2), §71.33, §71.35(a)]

The application must identify the established codes and standards used for the therma design.
[§71.31(C)]

The performance of the package must be evaluated under the tests specified in 871.71 for
normal conditions of transport and §71.73 for hypothetical accident conditions. [871.41(3)]

The package must be designed, constructed, and prepared for trangport so that there will be no
sgnificant decrease in packaging effectiveness under the tests specified in §71.71 (normal
conditions of transport). [§71.43(f), §71.51(a)(1)]

The package must be designed, constructed, and prepared for transport so that the ble
surface temperature does not exceed the regulatory limits. [871.43(g)]

The package design must not rely on mechanica cooling systems to meet containment
requirements. [§71.51(c)]

3.4 Acceptance Criteria

The package design must meet the regulatory requirements listed in Section 3.3.

The package must have adequate thermd performance to meet the containment, shielding,
subcriticality, and temperature requirements of 10 CFR Part 71, under norma conditions of
transport and hypothetical accident conditions.

3.5 Review Procedures
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The therma review should ensure that the package design has been described and evauated for the
thermal tests specified under norma conditions of trangport and hypothetical accident conditions, and
that it meets the therma performance requirements of 10 CFR Part 71.

The therma review is based in part on the descriptions and eva uations presented in the Genera
Information and Structurd Evauation sections of the application. Smilarly, results of the thermal review
are condgdered in the review of severd other sections of the gpplication. An example of information
flow for the thermd review is shown in Figure 3-1.

3.5.1 Description of Thermal Design
3.5.1.1 Design Features

Review the thermd design features presented in the Generd Information and Therma Evauations
sections of the gpplication. Design features important to therma performance include:
» Package geometry and materias of congtruction

» The gtructural and mechanica features that may affect heat transfer, such as cooling fins,
insulating materids, surface conditions of the package components, and gaps or physica
contacts between internal components.

3.5.1.2 Contents Decay Heat

Verify that the maximum decay heat and the radioactivity of the contents are consstent with those in the
Generd Information section. Ensure that the decay hest is properly determined from the maximum
alowed radioactive contents.

35.1.3 Summary Tables of Temperatures

Confirm that summary tables of the maximum or minimum temperatures that affect sructurd integrity,
containment, shielding, and criticdity are presented for both norma conditions of trangport and
hypothetical accident conditions. For the fire test condition, the tables should aso include:

«  The maximum temperatures and the time at which they occur after fire initiation

*  The maximum temperatures of the post-fire steady-sate condition.

Confirm that these temperatures are congstent with those of the Structural Evaluation and Containment
section.

35.14 Summary Tables of Maximum Pressures in the Containment System

Verify that summary tables include the maximum norma operating pressure and the maximum pressure
under hypothetical accident conditions. Confirm that these pressures are consstent with those in the
Generd Information, Structura Evaluation, Containment, and Acceptance Tests and Maintenance
Program sections.
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3.5.2 Material Propertiesand Component Specifications
3.5.2.1 Material Properties

Verify that the gppropriate thermal properties are specified for materials that affect heat transfer both
within the package and from the package to the environment. These materids include any liquids or
gases within the package and gases externd to the package for hypothetical accident conditions.
Confirm that the thermd absorptivities and emissvities are gppropriate for the package surface
conditions and each thermal condition being evauated. If a property is reported as asingle value,
ensure that this value bounds the equivalent temperature-dependent property.

3.5.2.2 Component Specifications

Confirm that the maximum alowable service temperatures or pressures are specified for each package
component, as gppropriate. Verify that the minimum alowable service temperature of al componentsis
less than or equal to -40EC (-40EF). Ensure that technical specifications are provided for applicable
package components (e.g., pressure relief vaves and fusible plugs).

3.5.3 General Considerations

Therma evauations of the package design can be performed by either andysis or test, or by a
combination of both.

35.3.1 Evaudion by Andyss

Confirm that the methods of therma andlyss are sufficiently described to permit review and
independent verification. Ensure that for each therma andyss:

» The methods used are properly referenced or developed in the gpplication.

* These methods are correctly applied.

« Assumptionsin modeing heat sources and heat transfer paths and modes are clearly stated and
are judtified.

» Theappropriate thermal properties for the package materiads are correctly incorporated into
the thermad evauations.

» Appropriate expressions are used for conductive, convective, and radiative heat transfer among
package components and from the surfaces of the package to the environment.

» Theevduation consders changesin package geometry and materia properties resulting from
gructurd and thermd tests under normal conditions of transport and hypothetica accident
conditions.

« Therequired temperature and therma boundary conditions for normal conditions of transport
and hypothetical accident conditions are correctly applied.
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» Thetimeintervd after the fire test is adequate to assure that maximum component temperatures
and post-fire steady-state temperatures have been achieved.

» Thereaultsfrom the thermd evauations are clearly presented in adequate detall in a
combination of figures, tables, and supporting text.

»  The maximum temperature and pressure of each component do not exceed their dlowable
vaue.

» Combustion of package components is considered, including the heat produced.

The therma evauation should assume that the heat transfer medium is air, and the effects of air on the
contents and packaging components (e.g., oxidation of depleted uranium shieding) should be
addressed.

3.5.3.2 Evauation by Test

Veify that the test package, test facility, and test procedures are described in adequate detail. Confirm
that the test package was fabricated, the test facility operated, and the test results evaluated under
proper quality assurance programs. Verify that the test package has been adequately designed.

« Thethermd performance of the test package, including smulated package contents and any
attached test instrumentation and mounting hardware, should be representative of the actua
package design.

* The temperature-sensing instrumentation should be located to measure the gppropriate
maximum package component temperatures and characterize the significant heet transfer
pathways.

» Test package instrumentation (such as temperature- or pressure-sensing devices) should be
mounted at locations that minimize ther effects on loca test package temperatures.

Review the ability of both the test facility (pool-fire or furnace facility) and the test procedures to meet
the range of thermal conditions (e.qg., insolation and fire heat fluxes or temperatures). Additiona
guidance for review of thermal testing is presented in Section 3.5.6.

Verify that the appropriate results from norma conditions of trangport and hypothetical accident
condition thermal tests are adequately presented:

» Initid conditions (e.g., temperatures, pressures), and changes in the package resulting from
dructura tests

« Maximum Steady-state temperatures or pressures (e.g., hot norma conditions of transport,
pre-fire conditions)

*  Maximum temperatures and pressures during the fire and post-fire periods

« Physca changesin the package condition resulting from the fire test, such as changesin
package materid properties caused by combustion or melting of package components.
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Some conditions, such as ambient temperature, decay heat of the contents, or package emissvity or
absorptivity, may not be exactly represented in athermd test. The therma evauation should include
appropriate corrections or evauations to account for these differences. For example, the therma
evauation should include atemperature correction if the ambient temperature at the onset of the fire test
was lower than 38EC (100EF).
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3.5.3.3 Margins of Safety

Veify that the thermad eva uations appropriately address the margins of safety for package
temperatures, pressures, and thermal stresses. Verify that these discussions include the effects of
uncertaintiesin therma properties, test conditions and diagnostics, and andytica methods. If the
evauations are performed by tedt, verify that the test results are reliable and repeatable.

3.5.4 Thermal Evaluation under Normal Conditions of Transport
3.5.4.1 Heat and Cold

Confirm that the therma evauation demondtrates that the tests for norma conditions of transport do not
result in ggnificant reduction in packaging effectiveness, including:
» Degradation of the heat-transfer capability of the packaging (such as creation of new gaps
between components)

» Changesin materia conditions or properties (e.g., expansion, contraction, gas generation, and
thermal stresses) that affect the structura performance

» Changesin the packaging that affect containment, shieding, or criticdity such asthermd
decompostion or mdting of materids

» Ability of the packaging to withstand the tests under hypothetical accident conditions.

Verify that the component temperatures and pressures do not exceed their allowable vaues.

Ensure that the maximum temperature of the accessible package surface is less than 50EC (122EF) for
non-exclusive-use shipment or 85EC (185EF) for exclusive use shipment when the package is
subjected to the heat conditions of §71.43(g).

3.5.4.2 Maximum Normal Operating Pressure

Confirm that the thermd evauation determines the maximum norma operating pressure when the
package has been subjected to the heat condition for one year. Ensure that the maximum normal
operating pressure calculation has consdered dl possible sources of gases, such as:

o Gasssinitidly present in package

» Saturated vapor, including water vapor from the contents or packaging

« Helium from the radioactive decay of the contents

» Hydrogen or other gases resulting from therma- or radiation-induced decompaosition of
materials such as water or plastics.

Ensure that the gpplication demongtrates that hydrogen and other flammable gases comprise less than
5% by volume of the total gas inventory within any confined volume. Confirm that the maximum normal
operating pressure is condstent with that in the Generd Information, Structural Evauation, and
Acceptance Tests and Maintenance Program sections.
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35.4.3 Maximum Therma Stresses

Ensure that there is an gppropriate evauation of thermal stresses caused by congtrained interfaces
among package components resulting from temperature gradients and differential therma expansions.
The evauation should include the maximum stresses as well as cydic stresses during the service life of

the package.
3.5.5 Thermal Evaluation under Hypothetical Accident Conditions
355.1 Initid Conditions

Prior to the fire test, the package design must be eva uated for the effects of the drop, crush (if
goplicable), and puncture tests. Ensure thet the initid physical condition of the package desgn used in
the therma evauations congders these effects.

Verify tha the application judtifies the mogt unfavorable initia conditions of:

* Anambient temperature between -29EC (-20EF) and 38EC (100EF) with no insolation
(typicaly, the temperature will be the |atter)

* Aninterna pressure of the package equd to the maximum norma operating pressure unless a
lower interna pressure, consistent with the ambient temperature, isless favorable

» Contents at its maximum decay heat unless alower hest, consstent with the temperature and
pressure, islessfavorable.

Confirm that the initid Steady-tate temperature distribution is consstent with the thermd evauation
under normal conditions of transport.

3.55.2 Hre Test Conditions

Confirm that the package design is evauated for the effects of the fire test. Ensure that the evaluation
appropriately addresses:

* FHredimensons
» Package orientation and support methods

* Firetemperatures and duration
« Heat source

» Avallability of adequate oxygen supply.
Verify tha fter thefire
« Noatificid cooling is applied to the package
* The package is subjected to full insolation
« The evduation continues until the post-fire, Seady-sate condition is achieved

* Anadequate supply of oxygen is continued throughouit this period
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* All combustion is dlowed to proceed until it terminates naturally.
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3.5.5.3 Maximum Temperatures and Pressure

Verify that the evaluation gppropriately determines both the transient pesk temperatures of package
components as afunction of time after the fire and the maximum temperatures from the post-fire,
seady-state condition. Confirm that these temperatures do not exceed their maximum alowable values.
Confirm thet leed shielding does not reach melting temperature.

Confirm that the evduation of the maximum pressure in the package design is based on the maximum
normal operating pressure (Section 3.5.4.2) asit is affected by fire-caused increases in package
component temperatures. Also verify that possble increasesin gas inventory, caused by fire-induced
thermal combustion or decompaosition processes, have been accounted for in the pressure
determination.

Verify that the vaue of this maximum pressure is condgstent with that in the Structural Evauation and
Containment sections.

3554 Maximum Therma Stresses

Ensure that there is an adequate evauation of therma stresses caused by congrained interfaces among
package components resulting from temperature gradients and differentia thermd expansions. Verify
that the maximum therma stresses, which can occur ether during or after the fire, are conggtent with
the Structural Evauation section.

3.5.6 Appendix
3.5.6.1 Description of Test Facilities
Confirm that the descriptions of atest facility include:

» Typeof faclity (furnace, pool-fire, etc.)

» Method of hesting the package (gas burners, eectrica heaters, etc.)

« Volume and emissvity of the furnace interior

* Method of smulating decay hest, if gpplicable

« Types, locations, and measurement uncertainties of al sensors used to measure the fire heat
fluxes, fire temperatures, and test package component temperatures and pressures

» The pogt-fire environment for a period adequate to attain the post-fire, steady-state condition

« Methods for both maintaining and measuring an adequate supply and circulation of oxygen for
both initiating and naturdly terminating the combustion of any burnable package component
throughout both the fire and post-fire periods.

3.5.6.2 Test Descriptions
Verify that complete descriptions of tests are included in the gppendix. This description should include:
» Test procedures
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» Test package description
* Tedinitid and boundary conditions
» Test chronologies (planned and actud)

»  Photographs of the package components, including any structura or therma damage, before
and after the tests

» Test measurements, including, a a minimum, documentation of test package physica changes
and temperature and hest flux histories

e Corrected test results
« Methods used to obtain these corrected results.

Confirm that al sensors which measure heet fluxes and temperatures are positioned to measure vaues
affecting critical components such as sedls, valves, pressure, and structural components. The sensors
should have proper operating ranges for the test conditions. Verify that possible perturbations caused
by the presence of these sensors (e.g., by disturbing local convective heet transfer conditions) are
appropriately considered.

For a pool-fire facility, verify thet the fire dimensions and test package relative location conform to the
specification in 871.73(c)(4).

» Thefirewidth should extend horizontaly between one and four meters beyond any externd
surface of the package.

« The package should be positioned one meter above the surface of the fuel source.

Sinceit is probable that the method of supporting the package in the test facility will localy perturb fire
conditions adjoining the test package, verify that such an effect has been appropriately incorporated
into the thermd evauation.

3.5.6.3 Applicable Supporting Documents or Specifications

Review any reference documents included in this gppendix. In addition to the documents noted in
Sections 3.5.6.1 and 3.5.6.2, these may include a variety of items such as therma specifications of
O-rings and other components, and documentation of the therma properties.

35.6.4 Anayses Dealls

Supplementd calculations may be required to support evauations presented in the Therma Evauation
section. Veify that dl such specia andyses are prepared in amanner consistent with Subsection
353.1L

3.6 Evaluation Findings
The Safety Evauation Report should include afinding similar to the following:
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Based on review of the statements and representations in the gpplication, the staff concludes
that the thermal design has been adequately described and evauated, and that the thermal
performance of the package meets the therma requirements of 10 CFR Part 71.

4 CONTAINMENT REVIEW

4.1 Review Objective

The objective of this review isto verify that the package design satisfies the containment requirements
of 10 CFR Part 71 under norma conditions of trangport and hypothetical accident conditions.

4.2 Areasof Review

The description and evauation of the containment design should be reviewed. The containment review
should incdlude the following:

4.2.1 Description of Containment System
« Containment Boundary
»  Specid Requirements for Plutonium
4.2.2 General Considerations
« TypeA Fissle Packages
» TypeB Packages
« Combustible-Gas Generation
4.2.3 Containment under Normal Conditionsof Transport (Type B Packages)

*  Containment Design Criterion
»  Demondration of Compliance with Containment Design Criterion

4.2.4 Containment under Hypothetical Accident Conditions (Type B Packages)

« Containment Design Criterion
»  Demondration of Compliance with Containment Design Criterion

4.2.5 Leakage Rate Testsfor Type B Packages
4.2.6 Appendix

4.3 Regulatory Requirements

Regulatory requirements of 10 CFR Part 71 applicable to the containment review are asfollows:.
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The package design must be described and evauated to demondtrate that it meets the
containment requirements of 10 CFR Part 71. [§71.31(a)(1), §71.31(a)(2), §71.33,
§71.35(8)]

The gpplication must identify established codes and standards gpplicable to the containment
design. [8§71.31(c)]

The package must include a containment system securely closed by a postive fastening device
that cannot be opened unintentiondly or by a pressure that may arise within the package.
[871.43(c)]

The package must be made of materids and congtruction that assure there will be no significant
chemical, gavanic, or other reactions. [8§71.43(d)]

Any valve or smilar device on the package must be protected against unauthorized operation
and, except for apressure relief valve, must be provided with an enclosure to retain any
leskage. [§71.43(€)]

The package must be designed, constructed, and prepared for shipment to ensure no loss or
dispersal of radioactive contents under the tests specified in §71.71 (normal conditions of
transport). [§71.43(f), 871.51(a)(1)]

The package may not incorporate a feature intended to dlow continuous venting during
transport. [871.43(h)]

A Type B package must meet the containment requirements of §71.51(a)(1) for normal
conditions of trangport and 871.51(a)(2) for hypothetica accident conditions, with no
dependence on filters or amechanica cooling system. [8§71.51]

A package containing plutonium in excess of 0.74 TBq (20 Ci) must satisfy the specia
containment requirements for plutonium. [871.63]

4.4 Acceptance Criteria
» The package must satisfy the regulatory requirements listed in Section 4.3.

» The package design must meet the containment requirements of 10 CFR Part 71 under normal

conditions of transport and hypothetica accident conditions.

4.5 Review Procedures
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The containment review should ensure that the package design has been described and evduated to
meet the containment requirements of 10 CFR Part 71 under normal conditions of transport and
hypothetical accident conditions.

The containment review is based in part on the descriptions and eva uations presented in the Generd
Information, Structurd Evauation, and Therma Evauation sections of the gpplication. Similarly, results
of the containment review are considered in the review of Operating Procedures and Acceptance Tests
and Maintenance Program. An example of the information flow for the containment review is shown in
Figure 4-1.
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4.5.1 Description of the Contai
45.1.1 Containment Boundary

Review the containment design features presented in the Generd Information and Containment sections
of the gpplication. Verify that the gpplication defines the exact boundary of the containment system.
This may include the containment vessel, welds, sedls, lids, cover plates, valves, and other closure

nment System

devices. Ensure that al components of the containment system are shown in the drawings.

Confirm that the following information regarding components of the containment boundary is cons stent

with that presented in the Structura and Therma Evauation sections of the gpplication:

« Materids of condruction
« Wdds
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» Applicable codes and standards (e.g., ASME code specifications for the vessdl)
* Bolt torque required to maintain postive closure
e Maximum and minimum alowable temperatures of components, including seds

»  Maximum and minimum temperatures of components under the tests for normal conditions of
transport and hypothetica accident conditions.

Veify that al containment boundary penetrations and their method of closure are adequately described.
Performance specifications for components such as vaves and pressure relief devices should be
identified, and no device may dlow continuous venting. Any vave or smilar device on the package
must be protected against unauthorized operation and, except for a pressure relief vave, must be
provided with an enclosure to retain any leskage. Cover plates and lids should be recessed or
otherwise protected. Compliance with the containment requirements specified in 10 CFR Part 71 may
not rely on any filter or mechanicd cooling system.

Confirm that al containment seals and penetrations, including drain and vent ports, can be lesk tested.
If fill, drain, or test ports utilize quick-disconnect valves, ensure that such valves do not preclude
leakage testing of their containment sedls.

Verify that the sedl materid is gppropriate for the package. Ensure that no galvanic, chemicd, or other
reactions will occur between the sed and the packaging or its contents, and that the sed will not
degrade dueto irradiation. If penetrations are closed with two seds (eg., to enable leskage testing),
verify which sed is defined as the containment boundary. Ensure that dimensions of the sedl grooves are
proper for the type and size of seals specified. Confirm that the temperature of containment boundary
seds will remain within their specified dlowable limits under both norma conditions of transport and
hypothetical accident conditions.

Verify that the containment system is securely closed by a positive fastening device that cannot be
opened unintentionally or by a pressure that may arise within the package.

45.1.2 Specid Requirements for Plutonium

If the contents include more than 0.74 TBq (20 Ci) of plutonium, verify that double containment is
provided, as specified in §71.63(b), and that plutonium contents are in solid form. Each containment
system must meet the requirements of §871.51(a)(1) under norma conditions of transport and
§71.51(a)(2) under hypothetical accident conditions.

4.5.2 General Considerations
45.2.1 TypeA Fissle Packages

For Type A fissle packages, no loss or dispersal of radioactive materid is permitted under norma
conditions of transport, as specified in 871.43(f). Although 10 CFR Part 71 does not provide numerica
release limits (as it does for Type B packages), the package must contain the contents to ensure
subcriticdity under both norma conditions of transport and hypothetical accident conditions.
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45.2.2 Type B Packages

Type B packages mugt satisfy the quantified release rates of §71.51. ANS| N14.5 provides an
acceptable method to determine the maximum permissible volumetric leakage rates based on the
alowed regulatory release rates under both norma conditions of transport and hypothetical accident
conditions. These two volumetric |leakage rates should be converted to stlandard air leskage ratesin
accordance with ANSI N14.5. The smdler of these air leakage rates is defined as the reference air
leskage rate. Typicaly, the norma conditions leskage rate is the most redtrictive.

Sample analyses for determining containment criteriafor Type B packages are provided in
NUREG/CR-6487. If the application uses these sample andyses, ensure that the assumptions of that
document are applicable to the package under consideration.

45.2.3 Combustible-Gas Generation

Confirm that the application demonstrates that any combustible gases generated in the package during a
period of one year do not exceed 5% (by volume) of the free gas volume in any confined region of the
package. No credit should be taken for getters, catalysts, or other recombination devices.

4.5.3 Containment under Normal Conditions of Transport (Type B Packages)
45.3.1 Containment Design Criterion

Confirm that the radionuclides and physical form of the contents evauated in the Containment section
are conggtent with those presented in the Generd Information section of the application. Ensure that the
radionuclides include any significant daughter products.

Verify that the application identifies the congtituents which comprise the releasable source term,
including radioactive gases, liquids, and powder aerosols. If less than 100% of the contents are
consdered releasable, evauate the judtification for the lower fraction.

Based on the releasable source term, ensure that the maximum permissible release rate and the
maximum permissible leakage rate are caculated in accordance with ANSI N14.5. Verify that the
maximum normal operating pressure and maximum temperature under norma conditions of trangport
are condtent with those determined in the Therma Eva uation section of the gpplication. Using this
pressure and temperature, ensure that the maximum permissible leskage rate is converted to the
reference air leakage rate in reference cubic centimeters per second (ref cc/s), as defined in ANSI
N14.5.

45.3.2 Demondration of Compliance with Containment Design Criterion

Confirm that the application demongrates that the package meets the containment requirements of
§71.51(a)(1) under norma conditions of transport.

» If compliance is demondrated by test, verify that the leskage rate of a package subjected to the
tests of §71.71 does not exceed the maximum allowable leakage rate for normal conditions.
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Scale-modd testing is not a rdliable or acceptable method for quantifying the leekage rate of a
full-scale package.

* If complianceis demondrated by andyss, verify that the structurd evauation shows thet the
containment boundary, sed region, and closure bolts do not undergo any inelastic deformation
and that the materids of the containment system (e.g., seals) do not exceed their maximum
dlowable temperature limits when subjected to the conditionsin 8§71.71.

» Demondration that the packaging meets the maximum alowable leekage rate is confirmed
during acceptance testing of the packaging, as discussed in the Acceptance Tests and
Maintenance Program section.

4.5.4 Containment under Hypothetical Accident Conditions (Type B Packages)

The review procedures for containment under hypothetical accident conditions are smilar to those
under normal conditions of transport. Differences relevant to hypothetical accident conditions are noted
below.

45.4.1 Containment Design Criterion

The releasable source term, maximum permissible release rate, and maximum permissible leskage rate
should be based on package conditions and the 10 CFR Part 71 containment requirements under
hypothetical accident conditions. Verify that the temperatures, pressure, and physical conditions of the
package (including the contents) are consistent with those determined in the Structurd and Therma
Evauation sections of the gpplication. Confirm that the maximum permissible leskage rate, when
converted to astandard air leskage rate, is greater than the reference air leakage rate.

45.4.2 Demondgration of Compliance with Containment Design Criterion

Ensure that the gpplication demondtrates that the package satisfies the containment requirements of
§871.51(a)(2) under hypothetical accident conditions. Demondration is similar to that discussed in
Section 4.5.3.2, except that the package should be subjected to the tests of §71.73 and the
containment criterion is the maximum alowable leakage rate for hypothetica accident conditions.

455 Leakage Rate Testsfor Type B Packages

Using the reference air leakage rate, confirm that the allowable leakage rates for the following
conditions are determined in accordance with ANSI N14.5:

» Fabrication leskage rate test

« Maintenance leakage rate test

* Peiodic leskage rate test

o Preshipment leskage rate test.

Fabrication, maintenance, and periodic leskage rate tests should be included in the Acceptance Tests
and Maintenance Program review. The preshipment |eakage rate test for assembly verification should
be included in the Operating Procedures review.
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4.5.6 Appendix

Confirm that the gppendix includes aligt of references, copies of applicable referencesif not generdly
available to the reviewer, test results, and other appropriate supplementa information.

4.6 Evaluation Findings

The Safety Evauation Report should include afinding smilar to the following:

Based on review of the statements and representations in the gpplication, the staff concludes
that the containment design has been adequately described and evaluated and that the package
design meets the containment requirements of 10 CFR Part 71.

4.7 References

American National Standards Ingtitute, ANSI N14.5-1997, “ American National Standard for
Radioactive Materia s-_eakage Tests on Packages for Shipment,” New Y ork.

U.S. Nuclear Regulatory Commission, “Containment Analysis for Type B Packages Used to Transport
Various Contents,” NUREG/CR-6487, November 1996.
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5 SHIELDING REVIEW

5.1 Review Objective

The objective of thisreview isto verify that the package design meets the externa radiation
requirements of 10 CFR Part 71 under norma conditions of trangport and hypothetica accident
conditions.

5.2 Areasof Review

The description and evauation of the shielding design should be reviewed. The shielding review should
incdude the fallowing:

5.2.1 Description of Shielding Design
» Desgn Features
*  Summary Table of Maximum Radiation Levels
5.2.2 Radiation Source
« Gamma Source
* Neutron Source
5.2.3 Shielding M odel
« Configuraion of Source and Shielding
* Materid Properties
5.2.4 Shielding Evaluation

* Methods
e Input and Output Data

¢ Hux-to-Dose-Rate Conversion
o Extend Radiaion Levds

5.2.5 Appendix
5.3 Regulatory Requirements

Regulatory requirements of 10 CFR Part 71 gpplicable to the shielding review are as follows:

» The package design must be described and evaluated to demondirate that it meets the shielding
requirements of 10 CFR Part 71. [8§71.31(a)(1), §71.31(a)(2), §71.33, §71.35(a)]

» The gpplication must identify the established codes and standards used for the shielding design.
[§71.31(C)]
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» The package must be designed, constructed, and prepared for shipment so that the externa
radiation levels will not significantly increase under the tests specified in §71.71 (normd
conditions of transport). [871.43(f), §71.51(a)(1)]

* Under the tests specified in §71.71 (norma conditions of transport), the externd radiation levels
must meet the requirements of 871.47(a) for non-exclusve-use or §71.47(b) for exclusve-use
shipments. [871.47]

* Under the tests specified in 871.73 (hypothetical accident conditions), the externd radiation
level must not exceed 10 mSv/h (1 rem/h) at one meter from the surface of the package.
[871.51(8)(2)]

5.4 Acceptance Criteria
» The package must satisfy the regulatory requirements listed in Section 5.3.

» The package design must meet the external radiation requirements of 10 CFR Part 71 under
norma conditions of transport and hypothetica accident conditions.

5.5 Review Procedures

The shidlding review should ensure that the package design has been described and evaluated to meet
the externd radiation requirements of 10 CFR Part 71 under normal conditions of transport and
hypothetical accident conditions.

The shidding review is based in part on the descriptions and evauations presented in the Generd
Information, Structural Evaluation, and Therma Evauation sections of the gpplication. Results of the
shielding review are considered in the review of Operating Procedures and the Acceptance Tests and
Maintenance Program. An example of thisinformation flow for the shielding review is shown in Figure
5-1.

5.5.1 Description of Shielding Design
55.1.1 Design Features

Review the shidding design features presented in the Genera Information and Shielding Evauations
sections of the gpplication. Design features important to shieding include:

« Dimensons, tolerances, and dengties of materid for neutron or gamma shielding, including
those packaging components consdered in the shidding evauation

* Massdendty, aomic dengty, or areal dengty of materids used as neutron absorbers

»  Structurd components that maintain the contentsin a fixed posgtion within the package

* Dimengonsof the trangport vehicle that are congdered in the shielding evauation.
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Confirm that the text and sketches describing the shidding design features are consstent with the
engineering drawings and the modes used in the shielding evauation.

Structural Gieneral Thermal
Evaluatlcn Infermatian Evaluation
*  Dafe-mation = Dimensidag Combustion
+  Crushing/puncture *  Malerials Detomnpas.tion
+ Extruzion «  Cartants = Dehydration
»  Shnp = Extlugiva! +  Meting
+  Displacement of MONSAEIUGIVE UFS
comans and
shlakdl ng

v v v

Shieltding Review

Sourca Terma Attenuztion Dosge Rates
¢ Gamma «  Mnaterial properisz = Gamma
Pautromn = Modaling +  Neulran
«  Shickding anelysis
- Gamma
- Neuiron

v v

Cparaling Acceptance Testa and
Procadures Maintenance Progrem
Do fatas = Shielding tests
*  Slreeming paths = Zhiglding matarial
+  Pra-ship-nent tasts speifications

Figure5-1 Information Flow for the Shielding Review

55.1.2 Summary Table of Maximum Radiation Levels

Review the summary table of maximum radiation levels. Ensure that the maximum dose rates are
presented for both norma conditions of transport and hypothetica accident conditions at the
appropriate locations for non-exclusive or exclusive use (or both), as applicable. Table 5.1 isan
example of the information that should be presented for non-exclusive use.
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Verify tha the radiation levels are within the regulatory limits asindicated in Table 5.2. Examine the
variation of doserates a different package locations for generd consstency. Confirm that dose rates

decrease as ether the distance from the source or as the shielding effectiveness (e.g., thickness)
increases.
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Table5.1 Examplefor Summary Table of External Radiation L evels (Non-Exclusive Use)

Normal Conditions of Transport Package Surface mSv/h (mrem/h) 1 Meter from Package Surface
mSv/h (mrem/h)
Radiation Top Side Bottom Top Side Bottom
Gamma
Neutron
Total
10 CFR 71.47(a) Limit 2 (200) 2 (200) 2(200) | 01(10* | 01(10* | 0.1(10)*

* Transport index may not exceed 10

Hypothetical Accident Conditions | 1 Meter from Package Surface mSv/h
(mrem/h)
Radiation Top Side Bottom
Gamma
Neutron
Total
10 CFR 71.51(a) Limit 10(1000) | 10(1000) | 10(1000)
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Tableb5.2 Packageand Vehicle Radiation Leve Limits®

Note: Thistableisnot a substitute for NRC or DOT regulations on transportation of radioactive materials.

Transport Vehicle Non-Exclusive Exclusve

Use:

Transport Vehicle | Open or Closed Open (flat-bed) Open with Closed

Type: Enclosure®

Package (or freight container) Limits:

Externa Surface 2mSv/h 2mSv/h 10 mSv/h 10 mSv/h

(200 mrem/h) (200 mrem/h) (1000 mrem/h) (2000 mrem/h)

1 meter from 0.1 mSv/h No Limit

External Surface® (20 mrem/h)

Roadway or Railway Vehicle (or freight container) Limits:

Any point on outer N/A N/A N/A 2mSv/h

surface (200 mrem/h)

Vertical planes N/A 2mSv/h 2mSv/h N/A

projected from outer (200 mrem/h) (200 mrem/h)

edges

Topof. .. N/A Load: Enclosure: Vehicle:
2mSv/h 2mSv/h 2mSv/h
(200 mrem/h) (200 mrem/h) (200 mrem/h)

2 metersfrom. . . N/A Vertical Planes: Vertical Planes: Outer Lateral
0.1 mSv/h 0.1 mSv/h Surfaces:
(10 mrem/h) (20 mrem/h) 0.1 mSv/h

(20 mrem/h)
Underside N/A 2 mSv/h (200 mrem/h)
Occupied position N/A 0.02 mSv/h (2 mremv/h)?

2Thelimitsin thistable do not apply to excepted packages see 49 CFR 173.421-426.
b Securely attached (to vehicle), access-limiting enclosure; package personnel barriers are considered as enclosures.
¢ Transport index may not exceed 10.
4Does not apply to private carrier wearing dosimetry if under radiation protection program satisfying 10 CFR Part 20.

5.5.2 Radiation Sour ce

Confirm that the contents used in the shielding analysi's are cons stent with those specified in the Generd
Information section of the gpplication. If the package is designed for multiple types of contents, ensure
that the contents producing the highest externdl dose rate a each location are clearly identified and

evaluated.
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55.2.1 Gamma Source

Based on the contents specified, verify that the maximum gamma source strength and spectra are
caculated by an appropriate method (e.g., standard computer codes and hand caculations). Ensure
that the source contribution from radioactive daughter products isincluded if it produces higher dose
rates than the contents without decay. If the radioactive nuclides and gamma specira are calculated with
acomputer code, review the key parameters described in the application or listed in the input file.
Verify that the production of secondary gammas (e.g., from (n,?) reactions in shidding materid) is either
caculated as part of the shielding evaluation (see Section 5.5.4.1) or otherwise appropriately included
in the source term.

Confirm that the results of the source term determination are presented as alisting of gammas per
second, or MeV per second, as afunction of energy. The activity (or mass) of each nuclide that
contributes sgnificantly to the source term should also be provided as supporting information. The
review should independently confirm the source term specified in the gpplication.

5.5.2.2 Neutron Source

Review the method used to determine the neutron source term. Verify that the method consders, as
gppropriate, neutrons from both spontaneous fisson and from (a,n) reactions. If the application
assumes that elther of these source contributions is negligible, ensure that an gppropriate judtification is
provided. Verify that the production of neutrons from subcritical multiplication is either calculated as
part of the shielding eval uation (see Section 5.5.4.1) or otherwise gppropriately included in the source
term.

Confirm that the results of the source term calculation, if gpplicable, are presented as a listing of
neutrons per second as afunction of energy. The contribution from spontaneous fission and (a,n) should
be separatdly identified, long with the actinides or light nuclei sgnificant for these processes. For
packages with sgnificant neutron sources, the review should independently confirm the neutron source
term.

5.5.3 Shielding M odel

Review the Structurd and Therma Evauation sections of the gpplication to determine the effects that
the tests for normal conditions of transport and hypothetical accident conditions have on the packaging
and its contents. Verify that the models used in the shielding calculation are congstent with these effects.

5.5.3.1 Configuration of Source and Shielding

Verify the dimensions of the source and packaging used in the shielding models. If contents can be
positioned a varying locations or with varying dengties, ensure that the location and physica properties
of the contents used in the evaluation are those resulting in the maximum externd radiation levels. For
example, the source configuration that maximizes radiation level on the Sde of the package might not be
the same source configuration that maximizes the radiation level on the top or bottom. Ensure that any
changes in configuration (e.g., displacement of source or shielding, reduction in shieding) resulting under
normal conditions of transport or hypothetical accident conditions have been included, as appropriate.
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For exclusve-use shipmentsin which the analysisis based on the radiation levels of §71.47(b), confirm
that dimensions of the trangport vehicle and package location are included as appropriate.

Verify that the dose point locationsin the shielding mode include dl locations prescribed in §8871.47(a)
or 71.47(b), and §71.51(a)(2). Ensure that these points are chosen to identify the location of the
maximum radiation levels. Confirm that voids, streaming paths, and irregular geometries areincluded in
the model or otherwise treated in an adequate manner.

5.5.3.2 Material Properties

Verify the gppropriate materia properties (e.g., mass dengties and atlom densities) used in the shielding
models of the packaging, contents, and conveyance (if gpplicable). Ensure that any changes resulting
under normal conditions of transport or hypothetical accident conditions have been included, as
appropriate. Mdting of lead shidlding is not acceptable. Confirm that shielding properties will not
degrade during the service life of the packaging (e.g., degradation of foam or dehydration of
hydrogenous materids).

If the shielding modd considers a homogenous source region (rather than a detailed heterogeneous
mode of the contents), ensure that such an gpproach is judtified, and verify that the homogenized mass
densities are correct for normal conditions of transport and hypothetical accident conditions. Atom
dengities should dso be confirmed if used asinput to shieding cdculaions.

5.5.4 Shielding Evaluation
55.4.1 Methods

Ensure that the methods used for the shielding evaluation are appropriate. Standard computer programs
should be referenced. Other codes or methods should be described in the application, and appropriate
supplementa information should be provided. Verify that the number of dimensions of the codeis
gppropriate for the package geometry, including streaming paths, if applicable.

Confirm that the cross-section library used by the code is gpplicable for shielding caculations. Ensure
that the code accounts for subcritical multiplication and secondary gamma production unless these
conditions have been otherwise appropriately consdered (e.g., in the source-term specification).

5.5.4.2 Input and Output Data

Verify that key input data for the shielding calculations are identified. These will depend on the type of
code (e.g., deterministic or Monte Carlo), as well asthe codeitself. The gpplication should aso include
representative input files used in the anadlyses. Verify, as gppropriate, that the information from the
shidding moddsis properly input into the code.

At least one representative output file (or key sections of the file) should generdly beincluded in the
gpplication. Ensure that proper convergence is achieved and that the calculated dose rates from the
output files agree with those reported in the text.

5.5.4.3 Flux-to-Dose-Rate Conversion
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Ensure that the evauation properly converts the gamma and neutron flux to dose rates. This converson
should generally use ANSI/ANS 6.1.1-1977 dthough other conversions may be used for point-kernel
gamma cdculations. Use of the conversonsin ANSI/ANS 6.1.1-1991 can result in asignificant
underestimation of external dose rates (as defined by 49 CFR 173.403 and 10 CFR 20.1004). In
addition, the dose rates determined with the 1991 standard do not correspond physicaly to dose rates
measured by typicd radiation monitoring instruments.

Verify the accuracy of the flux-to-dose rate conversion factors, which should be tabulated as a function
of the energy group structure used in the shidding caculaion.

5544 Externd Radiation Leveds

Confirm thet the externd radiation levels under norma conditions of transport and hypothetical accident
conditions agree with the summary tables discussed in Section 5.5.1.2 and that they meet the limitsin
§71.47(a) or §71.47(b), as appropriate, and §71.51(a)(2). Verify that the analysis shows that the
locations selected are those of maximum dose rates. To determine maximum dose rates, radiation levels
may be averaged over the cross-sectional area of a probe of reasonable size (NUREG/CR-5569). For
packages with streaming paths or voids, averaging should not be used to reduce the radiation levels
resulting from such festures.

Ensure that the externd radiation leves are reasonable and that their variations with location are
cons stent with the geometry and shielding characterigtics of the package.

Confirm that the eval uation addresses damage to the shielding under norma conditions of trangport and
hypothetica accident conditions. Verify that any damage under norma conditions of transport (871.71)
does not result in asignificant increase in the external dose rates, as required by §71.43(f) and
§71.51(a)(2). Any increase should be explained and justified as not sSignificant.

The review should include a confirmatory andysis of the shielding caculations reported in the
application. Because measurements of the actual dose rates from packages must be performed prior to
shipment in order to show that the §71.47 limits are satisfied, a number of factors should be consdered
in determining the level of effort of the confirmatory andysis. These factors include the expected
meagnitude of the dose rates, margin between caculaions and regulatory limits, smilarity with previoudy
reviewed packages, thoroughness of the review of source terms and other input data, and bounding
assumptions in the andyss.

5.5.5 Appendix

Confirm that the gppendix includes alist of references, copies of gpplicable referencesif not generdly
available, computer code descriptions, input and outpuit files, test results, and other appropriate
supplementd information.

5.6 Evaluation Findings
The Safety Evauation Report should include afinding smilar to the following:
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Based on review of the statements and representations in the gpplication, the staff concludes
that the shielding design has been adequately described and evaluated and that the package
meets the externd radiation requirements of 10 CFR Part 71.

5.7 References

American Nuclear Society, “American Nationad Standard for Neutron and Gamma-Ray Fluence to
Dose Factors,” ANSI/ANS 6.1.1-1991, LaGrange Park, Illinois.

American Nuclear Society, “American Nationa Standard for Neutron and Gamma-Ray Flux to Dose
Rate Factors,” ANSI/ANS 6.1.1-1977, LaGrange Park, Illinois.

Broadhead, B. L., C. V. Parks, and R. B. Pope, “ Assessment of Proposed Dose Factor Changesto
Shipping Cask Design and Operation,” Proc. of the Third International Conference on High
Level Radioactive Waste Management, Las Vegas, Nevada, 1992.

U.S. Nuclear Regulatory Commission, “Averaging of Radiation Levels Over the Detector Probe Area,
HPPOS-13, in Health Physics Positions Data Base, NUREG/CR-5569, Rev. 1, 1992.

NUREG-1609 510



511 NUREG-1609



6 CRITICALITY REVIEW

6.1 Review Objective

The objective of thisreview isto verify that the package desgn meets the criticdity safety requirements
of 10 CFR Part 71 under norma conditions of trangport and hypothetical accident conditions.

6.2 Areasof Review

The description and eva uation of the criticdity design should be reviewed. The criticality review should
indude the following:

6.2.1 Description of Criticality Design

e Dedgn Features
e Summary Table of Criticdity Evauations

e Trangport Index
6.2.2 Fissile Material Contents
6.2.3 General Considerations

* Mode Configuraion
o Materid Properties
e Computer Codes and Cross-Section Libraries
e  Demondration of Maximum Reectivity
e Confirmatory Anayses
6.2.4 Single Package Evaluation
* Configuration
e Reallts
6.2.5 Evaluation of Package Arraysunder Normal Conditionsof Transport
* Configuration
e Reallts

6.2.6 Evaluation of Package Arraysunder Hypothetical Accident Conditions

* Configuration
e Reallts
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6.2.7 Benchmark Evaluations

Applicability of Benchmark Experiments
Bias Determination

6.2.8 Appendix

6.3 Regulatory Requirements

Regulatory requirements of 10 CFR Part 71 gpplicable to the criticdlity review of fissle materid
packages are as follows:

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

The application must identify the established codes and standards used for the criticality design.
[§71.31(C)]

Unknown properties of fissile materid must be assumed to be those which will result in the
highest neutron multiplication. [8§71.83]

The package must be designed, constructed, and prepared for shipment so that there will be no
ggnificant reduction in the effectiveness of the packaging under the tests specified in §71.71
(normal conditions of transport). [871.43(f), 8§71.51(a)(1), §71.55(d)(4)]

A single package must meet the requirements of §71.55(d) under normal conditions of
transport.

A single package must meet the requirements of 871.55(e) under hypothetica accident
conditions.

A single package must be designed and congtructed and its contents limited so thet it would be
subcritical if water were to leak into the containment system. [871.55(b)]

An array of packages must be subcritical under norma conditions of transport and hypothetical
accident conditions. [8§71.59(a)]

A fissle materid package must be assigned a transport index for nuclear criticdity control to
limit the number of packagesin asingle shipment. [§71.59, §71.35(b)]

6.4 Acceptance Criteria

The package must satisfy the regulatory requirements listed in Section 6.3.
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The package design must meet the nuclear criticdity safety requirements of 10 CFR Part 71
under normal conditions of transport and hypothetical accident conditions.

6.5 Review Procedures

The criticdity review should ensure that the package design has been described and evauated to meet
the requirements for nuclear criticdity safety of 10 CFR Part 71 under normal conditions of trangport
and hypothetica accident conditions.

The criticality review is based in part on the descriptions and eva uations presented in the Genera
Information, Structurd Evauation, and Thermd Evauation sections of the gpplication. Results of the
criticality review are consdered in the review of the Operating Procedures and the Acceptance Tests
and Maintenance Program. An example of thisinformation flow for the criticdity review isshownin
Figure 6-1.

6.5.1 Description of Criticality Design

6.5.1.1 Design Features

Review the Generd Information section of the gpplication and any additiona description of the
criticaity design presented in the Criticality Evaluation section of the application. Design features
important for criticdity include:

Dimensions and tolerances of the containment system for fissle materid

Structura components that maintain the fissle materid or neutron poisonsin afixed postion
within the package or in afixed postion relative to each other

Location, dimensions, and concentration of neutron absorbing materials and moderating
materias, including neutron poisons and shidding materid
Dimensions and tolerances of floodable voids and flux traps within the package

Dimensgons and tolerances of the overdl package that affect the physical separation of the
fisdle materia contents in package arrays.

Confirm that the text and sketches describing the criticdity design festures are consistent with the
engineering drawings and the modes used in the criticality evaugtion.

6.5.1.2 Summary Table of Criticaity Evduation

Review the summary table of the criticdity evauation, which should address the following cases, as
described in Sections 6.5.4 through 6.5.6:

A single package, under the conditions of §71.55(b), (d), and (€)
An array of undamaged packages, under the conditions of §71.59(a)(1)
An array of damaged packages, under the conditions of 871.59(a)(2).
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Figure6-1 Information Flow for the Criticality Review

Verify that the table includes the maximum vaue of the effective multiplication factor (Ky), the
uncertainty, the bias, and the number of packages evauated in the arrays. The table should aso show
that the sum of kg, two standard deviations, and the bias adjustment does not exceed 0.95 for each
case.

Confirm that the summary table illugtrates that the package meets the above subcriticdity criterion.
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6.5.1.3 Transport Index

Based on the number of packages evauated in the arrays, verify that the application determines the
appropriate N and calculates the criticality transport index correctly. Ensure that this transport index is
congstent with that reported in the Genera Information section of the application.

6.5.2 Fissile Material Contents

Ensure that the specifications for the contents used in the criticdlity evauation are consstent with those
in the Genera Information section of the application. Specifications relevant to the criticality evauation
include fissle materia mass, dimensions, enrichment, physical and chemica compostion, dengty,
moisture, and other characterigtics dependent on the specific contents. Any differences from the
gpecifications in the Generd Information section should be clearly identified and justified. Because a
partialy filled container may alow more room for moderators (e.g., water), the most reactive case may
be for amass of fissle materid that is less than the maximum alowable contents.

If the package is designed for multiple types of contents, the application may include a separate
criticality evauation and propose different criticdity controls for each content type. Any assumptions
that certain contents need not be evaluated because they are less reactive than evaluated contents
should aso be properly justified. The review procedures of this section are gpplicable for each content
type evaduated in the application.

6.5.3 General Considerations

The consderations discussed below are applicable to the criticdity evauations of asingle package and
arrays of packages under norma conditions of transport and hypothetica accident conditions.

Genera guidance for preparing criticality evauations of trangportation packagesis provided in
NUREG/CR-5661.

6.5.3.1 Modd Configuration

Examine the Structural and Therma Evauation sections of the gpplication to determine the effects of the
normal conditions of transport and hypothetica accident conditions on the packaging and its contents.
Verify that the modds used in the criticdlity caculation are condstent with these effects.

Verify the dimensions of the contents and packaging used in the criticality models. For some types of
packagings and contents, e.g., powders, the contents can be positioned at varying locations and
dengties. Therdative location and physica properties of the contents within the packaging should be
judtified as those resulting in the maximum multiplication factor. Dimengond tolerances, eg., for cavity
szes and poison thickness, should be considered in the manner which maximizes reectivity.
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6.5.3.2 Materia Properties

Verify that the gppropriate mass densities and atom densities are provided for materias used in the
models of the packaging and contents. Materid properties should be congstent with the condition of the
package under the tests of §71.71 and §71.73, and any differences between normal conditions of
trangport and hypothetical accident conditions should be addressed.

Ensure that materids relevant to the criticdity design (e.g., poisons, foams, plastics, and other
hydrocarbons) are properly specified. No more than 75% of the specified minimum neutron poison
concentration should generaly be congdered in the criticdity evauation. Verify that materiaswill not
degrade during the service life of the packaging.

6.5.3.3 Computer Codes and Cross-Section Libraries

Verify that the application uses an appropriate computer code (or other acceptable method) for the
criticality evaluation. Standard codes should be clearly referenced. Other codes or methods should be
described in the application, and gppropriate supplementa information should be provided.

Ensure that the criticdity evauations use an appropriate cross-section library. If multigroup cross
sections are used, confirm that the neutron spectrum of the package has been appropriately considered
and that the cross sections are properly processed to account for resonance absorption and
sf-shidding. Additiona information regarding cross-sectionsis provided in NM SS Information Notice
No. 91-26 and NUREG/CR-6328.

Verify that the code has been properly used in the criticality evauation. Key input deta for the criticality
cdculations should be identified. These include number of neutrons per generation, number of
generations, convergence criteria, mesh selection, etc., depending on the code used. The application
should include at least one representative input file for a single package, undamaged array, and
damaged array evaudion. Verify, as appropriate, that the information from the criticality modd,
materiad properties, and cross sections is properly input into the code.

At least one representative output file (or key sections) should be included in the gpplication. Ensure
that the calculation has properly converged and that the ca culated multiplication factors from the output
files agree with those reported in the evauation.

6.5.3.4 Demondration of Maximum Reectivity

Verify that the andyses demondirate the most reactive configuration of each caselisted in
Section 6.5.1.2 (single package, array of undamaged packages, and array of damaged packages).
Assumptions and gpproximations should be clearly identified and judtified.

Ensure that the andys's determines the optimum combination of internd moderation (within the
package) and interspersed moderation (between packages), as applicable. Confirm that preferential
flooding of different regions within the package is consdered as appropriate. As noted in Section 6.5.2,
the maximum alowable fissle materid is not necessarily the most reactive contents.
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Additiond guidance on determining the most reactive configurationsis presented in NUREG/CR-5661.

6.5.3.5 Confirmatory Anayses

The review should include a confirmatory andysis of the criticdity cadculations reported in the
goplicaion. Asaminimum, perform an independent caculation of the most reective case, aswell as
sengtivity analyses to confirm that the most reactive case has been correctly identified. To the extent
practica, use an independent model of the package and a different code and cross-section set from that
used in the gpplication.

6.5.4 Single Package Evaluation
6.5.4.1 Configuration

Ensure that the criticality evauation demondrates that a sngle package is subcritical under both norma
conditions of trangport and hypothetical accident conditions. The evauations should consider:

* FHsdlematerid inits mogt reactive credible configuration consistent with the condition of the
package and the chemica and physical form of the contents

*  Water moderation to the most reactive credible extent, including water inleskage to the
containment system as specified in §71.55(b)

o Full water reflection on dl sides of the containment system as specified in §71.55(b)(3), or
reflection by the package materids, whichever results in the maximum reectivity.

6.5.4.2 Results

Veify that the package also meets the additiond specifications of 8871.55(d)(2) through 71.55(d)(4)
under normal conditions of transport.

Ensure that the results of the most reactive case for the sSingle package analyss are consstent with the
information presented in the summary table discussed in Section 6.5.1.2. If the package can be shown
to be subcritica by reference to a standard such as ANSI/ANS 8.1 (in lieu of calcul&tions), verify that
the standard is applicable to the package conditions.

6.5.5 Evaluation of Package Arraysunder Normal Conditionsof Transport
6.5.5.1 Configuration

Ensure that the criticality evauation demongtrates that an array of 5N packagesis subcritical under
norma conditions of transport. The evauation should consider:

* Themos reactive configuration of the array (e.g., pitch and package orientation) with nothing
between the packages
» Themos reactive credible configuration of the packaging and its contents under normal

conditions of transport. If the water spray test has demonstrated that water would not legk into
the package, water inleakage need not be assumed.
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* Full water reflection on dl sdes of afinite array.
6.5.5.2 Results

Verify that the most reactive array conditions are clearly identified and that the results of the andyss are
congstent with the information presented in the summary table discussed in Section 6.5.1.2.

Confirm that the appropriate N vaue is used to determine the trangport index. The gppropriate N
should be the smaller value which assures subcriticaity for 5N packages under norma conditions of
trangport or 2N packages under hypothetica accident condition, as discussed in the next section.

6.5.6 Evaluation of Package Arraysunder Hypothetical Accident Conditions
6.5.6.1 Configuration

Ensure that the criticaity evauation demongrates that an array of 2N packagesis subcritical under
hypothetical accident conditions. The evauation should consider:

* The most reactive configuration of the array (e.g., pitch, package orientation, and interna
moderation)
e Optimum interspersed hydrogenous moderation

* Themos reactive credible configuration of the packaging and its contents under hypothetical
accident conditions, including inleakage of weater

o Full waer reflection on dl sides of afinite array.
6.5.6.2 Results

Verify that the most reactive array conditions are clearly identified and that the results of the andyss are
congstent with the information presented in the summary table discussed in Section 6.5.1.2.

Confirm that the appropriate N vaue is used to determine the trangport index. The gppropriate N
should be the smaller value which assures subcriticality for 2N packages under hypothetical accident
conditions or 5N packages under normal conditions of transport, consistent with the previous section.

6.5.7 Benchmark Evaluations

Ensure that the computer codes for criticdity caculations are benchmarked againgt critical experiments.
Verify that the analysis of the benchmark experiments uses the same computer code, hardware, and
cross-section library as those used to calculate the kg values for the package.

Additiona guidance on benchmarking of nuclear criticality codesis provided in NUREG/CR-6361.
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6.5.7.1 Applicability of Benchmark Experiments

Review the generd description of the benchmark experiments and confirm thet they are gppropriately
referenced.

Veify that the benchmark experiments are gpplicable to the actud packaging desgn and contents. The
benchmark experiments should have, to the maximum extent possible, the same materids, neutron
spectra, and configuration as the package eva uations. Key package parameters that should be
compared with those of the benchmark experiments include type of fissle materia, enrichment, H/U
ratio, poison, and configuration. Confirm that differences between the package and benchmarks are
identified and properly considered.

In addition, the gpplication should address the overdl qudity of the benchmark experiments and the
uncertaintiesin experimenta data (e.g., mass, density, dimensions). Ensure that these uncertainties are
trested in a consarvative manner, i.e, they result in alower multiplication factor for the benchmark
experimen.

6.5.7.2 BiasDetermination

Examine the results of the caculations for the benchmark experiments and the method used to account
for biases, including the contribution from uncertainties in experimentd data.

Ensure that a sufficient number of appropriate benchmark experiments are analyzed and that the results
of these benchmark calculations are used to determine an gppropriate bias for the package caculations.
Confirm that the benchmark evaluations address trends in the bias with respect to parameters such as
pitch-to-rod diameter, assembly separation, neutron absorber materid, etc. Verify that only negative
biases (results that under-predict k) are considered, with positive bias results treated as zero bias.
Additiond information on determining a bias and its range of gpplicability is provided in
NUREG/CR-5661 and NUREG/CR-6361.

Statistical and convergence uncertainties of benchmark calculations should aso be addressed.
Considering the current availability of computer resources, the reviewer should ensure that these
uncertainties do not significantly affect the results.

6.5.8 Appendix

Confirm that the gppendix includes aligt of references, copies of applicable referencesif not generdly
available to the reviewer, computer code descriptions, input and outpuit files, test results, and any other
appropriate supplementa information.

6.6 Evaluation Findings

The Safety Evduation Report should include afinding similar to the following:

Based on review of the statements and representations in the gpplication, the staff concludes
that the nuclear criticality safety desgn has been adequatdly described and evauated and that
the package meets the subcriticaity requirements of 10 CFR Part 71.
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6.7 References

American Nuclear Society, “ American Nationd Standard for Nuclear Criticality Safety in Operations
with Fissonable Materia Outside Reactors,” ANSI/ANS 8.1-1983 (R1988), LaGrange Park,
lllinois

U.S. Nuclear Regulatory Commission, “Adequacy of the 123-Group Cross-Section Library for
Criticality Andyses of Water-Moderated Uranium Systems,” NUREG/CR-6328, August 1995.

U.S. Nuclear Regulatory Commission, “Ciriticaity Benchmark Guide for Light-Water-Reactor Fud in
Trangportation and Storage Packages,” NUREG/CR-6361, January 1997.

U.S. Nuclear Regulatory Commission, “Potentia Nonconservative Errors in the Working Format
Hansen-Roach Cross-Section Set Provided with the KENO and SCALE Codes, “ NMSS
Information Notice No. 91-26, April 15, 1991.

U.S. Nuclear Regulatory Commission, “Recommendations for Preparing the Criticality Safety
Evauation of Transportation Packages,” NUREG/CR-5661, April 1997.
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7 OPERATING PROCEDURES REVIEW

7.1 Review Objective

The objective of thisreview isto verify that the operating controls and procedures mest the
requirements of 10 CFR Part 71 and that the operating procedures are adequate to assure the package
will be operated in amanner consstent with its evauation for approval.

7.2 Areasof Review

Procedures which assure that the package will be operated in a manner consstent with its evaluation for
approva should be reviewed. The operating procedures review should include the following:

7.2.1 Package L oading
e Preparation for Loading
* Loading of Contents
e Preparation for Transport
7.2.2 Package Unloading

* Recapt of Package from Carrier
» Removd of Contents

7.2.3 Preparation of Empty Package for Transport
7.2.4 Other Procedures
7.2.5 Appendix

7.3 Regulatory Requirements

Regulatory requirements of 10 CFR Part 71 gpplicable to the operating procedures review are as
follows

»  The gpplication must identify the established codes and standards used for the operating
procedures. [§71.31(c)]

* Theapplication for afissle materid shipment must include any specia controls and precautions
for trangport, loading, unloading, and handling and any specid controlsin case of accident or
delay. [871.35(c)]

» Packages that require exclusive-use shipment because of increased radiation levels must be
controlled by providing written indructions to the carrier. [8871.47(b-d)]
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» Before each shipment, the licensee must ensure that the package meetsthe
routine-determination requirements of 10 CFR Part 71. [871.87]

» Prior to delivery of apackage to a carrier, the licensee must send any specia ingtructions
needed to safely open the package to the consignee for the consgnee’ s use in accordance with
10 CFR 20.1906(€). [§71.89]

7.4 Acceptance Criteria
»  The operating procedures must meet the regulatory requirements listed in Section 7.3.

» The operating procedures must be adequate to assure that the package will be operatedin a
manner condstent with the basis used for its safety evauation.

7.5 Review Procedures

The review should verify that the operating controls and procedures meet the requirements of

10 CFR Part 71, and that these procedures are adequate to assure the package will be operated in a
manner consstent with its evaluation for approva. Detailed procedures that could be implemented
without further expansion are not required.

The commitments specified in the Operating Procedures section of the application are typicaly included
by reference into the certificate of compliance as conditions of the package approva. Package
operation and preparation for shipment must be performed in accordance with detailed written
procedures. The operating procedures submitted as part of the application should establish the
minimum steps necessary to assure safe performance of the package under norma conditions of
trangport and hypothetical accident conditions. These steps should be presented in sequentia order, as
applicable.

The operating procedures review is based in part on the descriptions and evaluations presented in the
Generd Information, Structural Evauation, Therma Evauation, Containment, Shielding Evaduation, and
Criticdity Evauation sections of the gpplication. Results of the Operating Procedures review are
consdered in the review of Acceptance Tests and Maintenance Program. An example of the
information flow for the review of the operating proceduresis shown in Figure 7-1.

Additiona guidance on operating proceduresis provided in NUREG/CR-4775.
7.5.1 Package L oading
7.5.1.1 Preparation for Loading
Review the procedures for preparing the package for loading. At aminimum, the procedures should:
o Specify that the package should be loaded and closed in accordance with written procedures
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Figure7-1 Information Flow for the Operating Procedur es Review

Ensure that the contents are authorized in the certificate of compliance

Ensure that the use of the package complies with the conditions of approva in the certificate of
compliance, including verification that required maintenance has been performed

Verify that the package isin unimpaired physica condition
Describe any specid controls and precautions for handling.
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7.5.1.2 Loading of Contents

Review the procedures for loading the contents. At a minimum, the procedures should:

Identify any specid handling equipment needed

Describe any specid controls and precautions for loading

Indicate the method of |oading the contents

Ensure that any required moderator or neutron absorber is present and in proper condition
Describe the method to remove water from the package, as appropriate

Ensure that each closure device of the package, including seals and gaskets, is properly
ingtaled, secured, and free of defects

Verify that the bolt torques described in the procedures are congstent with those shown on the
drawings

Confirm that the package has been |oaded and closed appropriately.

7.5.1.3 Preparation for Transport

Review the procedures for preparing the package for transport. At aminimum, the procedures should:

Ensure that non-fixed (removable) radioactive contamination on externa surfacesisaslow as
reasonably achievable, and within the limits specified in 49 CFR 173.443

Describe the radiation survey to confirm that the dlowable externd radiation levels specified in
871.47 are not exceeded

Describe the temperature survey to verify that limits specified in 871.43(g) are not exceeded

Specify the assembly verification leskage rate and ensure package closures are lesk tested in
accordance with ANSI N14.5

Ensure that any system for containing liquid is properly seded and has adequate space or other
specified provison for expansion of the liquid

Verify that any pressure relief device is operable and set

Ensure that any structural component that could be used for lifting or tie-down during trangport
is rendered inoperable for those purposes unless it meets the design requirements of §71.45
Ensure that the tamper-indicating device isingtdled

Describe, for afissle materid shipment, any specia controls and precautions for transport,
loading, unloading, and handling and any appropriate actionsin case of an accident or delay
which should be provided to the carrier or consignee

Identify any specid controls which should be provided to the carrier for a package shipped by
exclusive use under the provisions of §71.47(b)(2)

Describe any specid ingtructions which should be provided to the consignee for opening the
package
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» Insurethat the packageis properly labeled.
7.5.2 Package Unloading
7.5.2.1 Receipt of Package from Carrier
Review the procedures for receiving the package. At a minimum, the procedures should:

» Describe any specid actionsto be taken if the tamper indicating device is not intect, or if
surface contamination or radiation survey levels are too high

o ldentify any specid handling equipment needed

»  Describe any proposed specia controls and precautions for handling and unloading.
7.5.2.2 Remova of Contents
Review the procedures for unloading a package. At a minimum, the procedures should:

» Describe the appropriate method to open the package

o |dentify the appropriate method to remove the contents
» Ensurethat the contents are completely removed.

7.5.3 Preparation of Empty Package for Transport

Review the procedures for preparing an empty package for transport. At a minimum, the procedures
should:

* Veify tha the packageis empty

o Enaurethat externd and internd contamination levels meet the requirements of
49 CFR 173.443 and 49 CFR 173.428

»  Describe the package closure requirements.

7.5.4 Other Procedures

Confirm that procedures for any specia operationa controls are included (e.g., route, westher, or
shipping time redtrictions).

7.5.5 Appendix

Confirm that the gppendix includes alist of references, copies of applicable referencesif not generdly
available to the reviewer, test results, and other appropriate supplementa information.

7.6 Evaluation Findings

The Safety Evauation Report should include afinding smilar to the following:

Based on review of the statements and representations in the gpplication, the staff concludes
that the operating procedures meet the requirements of 10 CFR Part 71 and that these
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procedures are adequate to assure the package will be operated in a manner consistent with its
evauation for approvd.

7.7 References

American National Standards Institute, ANSI N14.5-1997, “ American Nationa Standard for
Radioactive Material s eakage Tests on Packages for Shipment,” New Y ork.

U.S. Nudlear Regulatory Commission, “Guide for Preparing Operating Procedures for Shipping
Packages,” NUREG/CR-4775, July 1988.
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8 ACCEPTANCE TESTSAND MAINTENANCE PROGRAM REVIEW

8.1 Review Objective

The objective of thisreview isto verify that the acceptance tests for the packaging meet the
requirements of 10 CFR Part 71 and that the maintenance program is adequate to assure packaging
performance during its service life.

8.2 Areasof Review

The description of the acceptance tests and maintenance program should be reviewed. The review
should indlude:

8.2.1 Acceptance Tests

« Visud Ingpections and Measurements
e Wdd Examinations
e  Structura and Pressure Tests

* Leskage Teds
o Component and Materid Tests

o Shidding Teds
o  Themd Teds
8.2.2 Maintenance Program

e  Structura and Pressure Tests

* Leskage Teds
o Component and Materid Tests

e Themd Teds
e Miscdlaneous Tests

8.2.3 Appendix
8.3 Regulatory Requirements

Regulatory requirements of 10 CFR Part 71 applicable to the review of the acceptance tests and
maintenance program are as follows:

8.3.1 Acceptance Tests

» The gpplication must identify codes, standards, and provisons of the quaity assurance program
used for the acceptance testing of the packaging. [8§71.31(c), §71.37(b)]
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Before first use, the fabrication of each packaging must be verified to be in accordance with the
approved design. [§71.85(c)]

Before firgt use, each packaging must be inspected for cracks, pinholes, uncontrolled voids, or
other defects that could significantly reduce its effectiveness. [§71.85(3)]

Beforefirgt use, if the maximum norma operating pressure of a package exceeds 35 kPa

(5 ps) gauge, the containment system of each packaging must be tested at an interna pressure
a least 50% higher than maximum norma operating pressure to verify its ability to maintain
structural integrity at that pressure. [§71.85(b)]

Before first use, each packaging must be conspicuoudy and durably marked with its model
number, serid number, gross weight, and a package identification number assigned by the
NRC. [871.85(c)]

The licensee must perform any tests deemed appropriate by the NRC. [8§71.93(b)]

8.3.2 Maintenance Program

The gpplication must identify codes, standards, and provisions of the quaity assurance program
used for the maintenance program for the packaging. [§71.31(c), §71.37(b)]

The packaging must be maintained in unimpaired physica condition except for superficia
defects such as marks or dents. [871.87(b)]

The presence of any moderator or neutron absorber, if required, in afissle materia package
must be verified prior to each shipment. [§71.87(g)]

The licensee must perform any tests deemed appropriate by the NRC. [8§71.93(b)]

8.4 Acceptance Criteria

The acceptance tests and maintenance program must meet the regulatory requirements of
Section 8.3.

Before firgt use, each packaging must be subject to appropriate acceptance teststo verify thet it
has been fabricated in accordance with its approved design and that its performance will meet
the regulatory requirements of 10 CFR Part 71.

The maintenance program must be adequate to assure that the package will perform as
intended throughout its service life.
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8.5 Review Procedures

The review should ensure that appropriate acceptance tests and maintenance program are specified for
the package.
The review of the acceptance tests and maintenance program is based in part on the descriptions and

evauations presented in previous sections of the gpplication. An example of the information flow for this
review is shown in Figure 8-1.

The commitments specified in the Acceptance Tests and Maintenance Program section of the
goplication are typicaly included in the certificate of compliance as conditions of the package gpprovd.

8.5.1 Acceptance Tests

Verify that the following tests, as gpplicable, are to be performed prior to the first use of each
packaging. Information presented on each test should include, as aminimum, a description of the test
and its acceptance criteria. Applicable sections of the quality assurance program and procedures may
be referenced.

Each package must be fabricated in accordance with the drawings listed in the certificate of
compliance.
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Figure8-1 Flow Information for the Acceptance Testsand Maintenance Program Review

Additional guidance on acceptance testsis provided in NUREG/CR-3854.

85.1.1 Visud Ingpections and Measurement

Ensure that inspections are performed to verify that the packaging has been fabricated and assembled in

accordance with the drawings. Dimensions and tolerances specified on the drawings should be

confirmed by measurement.

85.1.2 Wdd Examinations

Verify that welding examinations are performed to verify fabrication in accordance with the drawings,

codes, and standards specified in the gpplication. Location, type, and size of the welds should be

confirmed by measurement. Other pecifications for weld performance, nondestructive examination,
and acceptance should be verified as appropriate.

Additiond guidance on welding criteriais provided in NUREG/CR-3019.
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8.5.1.3 Structural and Pressure Tests

Verify that the structural or pressure tests are identified and described. Such tests should comply with
§71.85(b), aswell as gpplicable codes or standards specified in the application.

8.5.1.4 Leakage Tests

Verify that the containment system of the packaging will be subjected to the fabrication leskage test
gpecified in ANS N14.5. Verify that al closures, including drains and vents, are lesk- tested. The
acceptable leakage criterion should be consigtent with that identified in the Containment section.

8.5.1.5 Component and Materia Tests

Confirm that appropriate tests and acceptance criteria are specified for components that affect package
performance. Examples of such componentsinclude sedls, gaskets, valves, fluid trangport systems, and
rupture disks or other pressure-relief devices. Components should be tested to meet the performance
gpecifications shown on the engineering drawing of the package. When tests adversdly affect the
continued performance of a component, gpplicable quality assurance procedures should be described
to judtify that the tested component is equivaent to the component that will be used in the packaging.

Verify that appropriate tests and acceptance criteria are specified for packaging materias. Tests for
neutron absorbers (e.g., boron, gadolinia) and insulating materids (e.g., foams, fiberboard) should
assure that minimum specifications for density and isotopic content are achieved. Materials should be
tested to meet the performance specifications shown on the engineering drawings.

85.1.6 Shidding Tests

Ensure that gppropriate shielding tests are specified for both neutron and gamma radiation. The tests
and acceptance criteria should be sufficient to assure that no voids or streaming paths exist in the
shidding.

85.1.7 Thermd Teds

Verify that appropriate tests are specified to demondtrate the heat transfer capability of the packaging.
These tests should confirm thet the heet transfer performance determined in the evauation is achieved in
the fabrication process.

8.5.2 Maintenance Program

Confirm that the maintenance program is adequate to assure that packaging effectivenessis maintained
throughout its service life. Maintenance tests and ingpections should be described with schedules for
each test or replacement of parts and criteriafor minor refurbishment and replacement of parts, as
applicable.

8.5.2.1 Structural and Pressure Tests

Verify that any periodic structural or pressure tests are identified and described. Such tests would
generdly be applicable to codes, standards, or other procedures specified in the gpplication.
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8.5.2.2 Leakage Tests

Confirm that the containment system of the packaging will be subjected to the periodic and maintenance
leakage tests specified in ANSI N14.5. The acceptable |eakage criterion should be consistent with that
identified in the Containment section. Elastomeric sedl's should be replaced and leak tested within the
12-month period prior to shipment. Metalic seals are generaly replaced prior to each shipment.

8.5.2.3 Component and Material Tests
Verify that periodic tests and replacement schedules for components are described as appropriate.

Confirm that the gpplication identifies any process that could result in deterioration of packaging
materids, including loss of neutron absorbers, reduction in hydrogen content of shields, and dendty
changes of insulating materias. Appropriate tests and their acceptance criteria to ensure packaging
effectiveness for each shipment should be specified.

8524 Therma Tests

Verify that periodic tests to assure the heet transfer capability during the service life of the packaging
are described. Tests smilar to the acceptance tests discussed in Section 8.5.1.7 may be applicable.
Thetypicd intervd for periodic thermd testsisfive years.

85.25 Miscdlaneous Tests

Confirm that any additiond tests that should be performed periodicaly on the package or its
components are described.

8.5.3 Appendix

Confirm that the gppendix includes alist of references, copies of gpplicable referencesif not generdly
available to the reviewer, and other appropriate supplementa information.
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8.6 Evaluation Findings

The Safety Evauation Report should include afinding smilar to the following:

Based on review of the statements and representations in the gpplication, the staff concludes
that the acceptance tests for the packaging meet the requirements of 10 CFR Part 71 and that
the maintenance program is adequate to assure packaging performance during its service life.

8.7 References

American National Standards Ingtitute, ANSI N14.5-1997, “ American National Standard for
Radioactive Materia s-_eakage Tests on Packages for Shipment,” New Y ork.

U.S. Nuclear Regulatory Commission, “Fabrication Criteriafor Shipping Containers,” NUREG/CR-
3854, March 1985.

U.S. Nuclear Regulatory Commission, “Welding Criteriafor Use in the Fabrication of Radioactive
Materia Shipping Containers, NUREG/CR-3019, March 1984.
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APPENDIX A1l:
RADIOGRAPHY PACKAGES

Al.1 Package Type

A1.1.1 Purpose of Package

These packages include radiographic exposure devices and radiographic source changers. The purpose
of an exposure device isto trangport a Type B quantity of specid form radioactive materid for useasa
radiographic gamma source. The purpose of the source changer device is to trangport a radiographic
gamma source to and from an exposure device and to exchange radiographic sources with that
exposure device.

Al1.1.2 Description of a Typical Package

A typica packaging used as an exposure device conssts of alead or depleted uranium shidd indde a
welded sted or titanium housing. The shield includes a metdlic S-shaped tube that houses the source
during trangport and alows movement of the source into position for radiography. The shidd may be
fixed in pogition by retention cups welded to end plates of the housing and by foam between the shield
and the housing.

The source is attached to the end of a short metalic cable, or pigtail. A securing lock mechanism is
ingtaled & one end of the housing to maintain the source in a fixed position during transport. A safety
plug assembly ingtaled at the other end of the S-tube provides a redundant mechanism to prevent
movement of the source toward an outlet.

The content of a package used as an exposure device is one radiographic gamma source (*°Co or *2Ir)
in Type B specid form.

The package is typically hand-carried by one person using a handle attached to the housing, dthough it
is sometimes mounted on whedls.

A typica packaging used as a radiographic source changer isSmilar to that used as an exposure
device. A source changer may contain multiple sources, typicaly housed in U-shgped tubes. In addition
to its function as a transportation package, a source changer is used to move sources either from or to
an exposure device. Although the remainder of this gppendix specificaly addresses exposure devices,
the review of a source changer issmilar.

A sketch of atypicd radiographic exposure deviceis presented in Figure A1-1.
Al.2 Package Safety
Al.2.1 Safety Functions
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The principa safety function of these packages is to retain the radiographic source and to provide
gammashidding. Containment is provided primarily by the specid form source itself. These packages
do not contain fissle materid.
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Al.2.2 Safety Features

A lead or depleted uranium shield provides gamma shielding.

A securing lock mechanism positions the source pigtail within the S-tube in the shield during
transport to prevent high radiation fields and radiation streaming.

A safety plug assembly at the opposite end of the tube provides a redundant mechanism to
prevent movement of the source.

The housing, foam, and other Sructurd materids protect the shidd and S-tube from damage.

A1.2.3 Typical Areasof Review for Package Drawings

Housing features, including dimensions, materia, thickness, and welds
Foam materid and dengty

Shidd dimensions and materid, including supplementd shidding, its weght, dimensons, and
method of attachment

Materia, wall thickness and curvature of S- or U-tube
Lock mechanism specifications
Other gtructurd festures, including bolts, pins, and retention cups, as applicable.

Al1.2.4 Typical Areasof Safety Review

The generd information review verifies that the contents are restricted to specid form and that
the source nuclide and maximum alowable activity are specified. Specification of content
activity istypicaly expressed as “Bq (output)” or “Ci (output)” to denote that the activity is
determined in accordance with ANSI N432-1980.

The structurd and thermd reviews evauate the ability of the shield to performitsintended
function under norma conditions of trangport and hypothetical accident conditions. These
reviews address:.

S Damageto the shidding
S Misdignment of the S-tube

S Damage to the Stube resulting in exposure of the depleted uranium shidld and possible
oxidation of the uranium or eutectic reaction between the uranium and other package
components

S Damage to the securing lock mechanism
S Movement of the source relative to the shidding.

The shielding review evauates the ahility of the package to satisfy the maximum dlowable
externd radiaion levels under norma conditions of trangport and hypothetical accident
conditions. Shielding requirements are often demonstrated by measuring the dose rates from a
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gammatest source and scaling them according to the maximum alowed activity of the contents.
Key issuesinclude:
S Ensuring that the locations of the maximum radiation levels on the surface of the package,

including near the ends of the S-shaped source tube, and a one meter from the surface
have been identified

S Determining that the Sze (active depth and diameter) of the detector is gppropriate for
providing dose rate measurements at the regulatory locations (because of the smal size of
the package, corrections may be needed to account for the Size of the detector probe
volume) (ANSI N43.9-1991)

S Examining the design of the source assembly and securing lock mechanism, including pigtail
and locking bals. A smal movement in source posdition can result in asgnificant increasein
externd radiation levels

S Vaeifying that no Sgnificant increase in radiation occurs as aresult of the tests for normal
conditions of transport

S Confirming that the radiation levels under norma conditions of transport and hypothetica
accident conditions are satisfied.

» Thereview of operating procedures confirms that the source is securely locked in position
before shipment. This review aso evauates procedures to verify by physical meansthat the
source has been removed before shipment of an “empty” package. Because of shielding
effectiveness and radiation from uranium shielding itsdlf, verification by radiation measurements
aone may not be sufficient. The procedure should be capable of detecting remaining sources if
the pigtail is dipped off.

« Thereview of acceptance tests and maintenance program verifies that appropriate fabrication
and periodic verification tests are performed to demondirate effectiveness of the shidding. The
review aso verifies that gppropriate ingoections are performed to monitor any wearing of the
S-tube.

Several NRC Information Notices (85-07, 87-47, 88-18, 88-33, 90-24, 90-35, 90-82) provide
additiona detail on safety issues relevant to the transport of radiography packages.

References

American National Standards Ingtitute, ANSI N43.9-1991, “ American National Standard for Gamma
Radiography—Specifications for Design and Testing of Apparatus,” New Y ork.

Nationa Bureau of Standards, “ Radiologica Safety for the Design and Congtruction of Apparatus for
Gamma Radiography,” ANSI N432-1980, Washington, DC.

U.S. Nuclear Regulatory Commission, “ Contaminated Radiography Source Shipments” NMSS
Information Notice 85-07, January 29, 1985.
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U.S. Nudlear Regulatory Commission, “ Transportation of Type A Quantities of Radioactive Materids,”
NMSS Information Notice 90-35, May 24, 1990.
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APPENDIX A2:
TYPE B WASTE PACKAGES

A2.1 Package Type

A2.1.1 Purpose of Package

The purpose of thistype of packageisto trangport a Type B quantity of dry, radioactive, irradiated,
and contaminated solid materials.

A2.1.2 Description of a Typical Package

A typica packaging consigts of a stedl-encased, lead-shielded cylinder with impact limiters attached at
both ends. The packaging may be protected by atherma shield, consisting of athin metd shell
separated from the lead-filled cylinder by awire wrap. Closureis provided by a bolted stedl lid, which
may aso include lead shidding. Two concentric O-rings are ingdled in grooves typicdly on the
underside of the lid. Thelid includes aleak test port between the O-rings and sometimes a vent port.
The bottom of the packaging contains a seded drain port.

A typical packaging may be sized to trangport ion-exchange resins, process solids, or irradiated
hardware, such as control rod blades. It is gpproximately 3.3 m (about 11 ft.) in length and 1.3 m
(about 4 ft.) in diameter (without impact limiters) and can weigh as much as 35 tons (without contents).
The packaging generdly has two or four trunnions near the top for lifting, and two near the bottom for
rotation.

The contents of the package consst of a Type B quantity of dry, radioactive, irradiated and
contaminated solid materids, generdly within a secondary container. The maximum content weight may
gpproach five tons, including shoring. The radioactive contents typicaly include waste containing mixed
fisson products and activation products. The fissle materid content of these packagesis limited to that
permitted by the 10 CFR Part 71 generd license provisions for fissile materia packages, or exempt
quantities.

A sketch of atypica Type B waste package is presented in Figure A2-1.
A2.2 Package Safety

A2.2.1 Safety Functions
The principd safety function of the package isto provide gamma shieding and containment.
A2.2.2 Safety Features

» Thelead shidd provides gamma shidding. The neutron source is not sgnificant.

* Theinner vessd provides containment of the radioactive materid. Although secondary
containers are often used, they do not provide a containment function.

A2-1 NUREG-1609
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A2.2.3 Typical Areasof Review for Package Drawings

* Containment vessd body
Materids of congtruction

Dimengons and tolerances of structura shell and shielding materid

Fabrication codes or standards

Weld specifications, including codes or sandards for nondestructive examination
Thermd shidd, if applicable.

e Containment vessd closures
Lid materids, and ther dimensons and tolerances

v u»u unu u m

Balt spedifications, including number, size, minimum thread engagement, and torque
Sed materid, Sze, and compression specifications

Sed groove dimensons

v u»w unu u wm

Vent, drain, and lesk-test ports, including closure methods.

e Impact limiters
S Materids of congtruction and dimensions

S Foam or wood specifications, including dendity
S Method of attachment.

A2.2.4 Typical Areasof Safety Review

* Thegenerd information review identifies the alowable contents, including water and other
materids that could produce combustible gases.

o Thedructurd and thermd reviews evauate the performance of the containment system during
both norma conditions of transport and hypothetical accident conditions. Primary emphasisis
on the structural and thermal effects at the closure regions (lid and ports), including O-rings,
plugs, and balts, under hypothetical accident conditions.

* Thedructura and therma reviews dso verify the effects of the hypothetica accident conditions
tests on the lead shielding and therma shidd (if applicable).

« Thethermd review confirms the maximum temperature and pressure in the containment vesse
under normal conditions of transport and hypothetical accident conditions.

» The containment review verifies that the package closures (lid, vent port, drain port) meet
10 CFR Part 71 containment criteria using the methods in ANSI N14.5 for both normal
conditions of trangport and hypothetical accident conditions. A typicd maximum dlowable
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leskage rate is approximately 10° ref co/s. The review aso confirms that combustible-gas
generation meets the criteria discussed in Section 4 of this document.

» Theshidding review confirms that the package meets the dlowable radiation levels during both
normal conditions of trangport and hypothetical accident conditions. The review should dso
confirm that the lead shielding does not melt under the hypothetica accident conditions.

« Thecriticdity review verifies that the package contains elther no fissile materia, an exempt
quantity of fissle materid, or afissle materid quantity alowed under the generd license
provisons of 10 CFR Part 71. For packages with fissle content limited to quantities authorized
by generd license, the review aso should confirm that the correct criticdity transport index is
Specified.

» Thereview of operating procedures verifies that the bolts are properly torqued and that al
penetrations of the containment vessa are properly leak tested prior to shipment. The review
also addresses procedures that assure the contents are dry.

» Thereview of acceptance tests and maintenance program confirms that the appropriate leskage
tests are performed for fabrication and periodic verification during the service life of the
package. The review aso ensures that gppropriate acceptance testing of the lead shield and
thermd performance is described and that the thermal performance of the packaging is
maintained during the service life.

References

American National Standards Ingtitute, ANSI N14.5-1997, “ American National Standard for
Radioactive Materia s-_eakage Tests on Packages for Shipment,” New Y ork.
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APPENDIX A3:
UNIRRADIATED FUEL PACKAGES

A3.1 Package Type
A3.1.1 Purpose of Package

The purpose of thistype of package is to trangport unirradiated fuel assemblies and individua fuel rods.
These packages are dso referred to as “fresh fuel packages.”

This appendix addresses only those packages in which the contents are limited to a Type A quantity of
fissle materid. For entire assamblies, thisistypicaly achieved by redtricting the enrichment. For
individua fud rods, a combination of enrichment and mass limits may be specified.

A3.1.2 Description of a Typical Package

A typica packaging consists of ametd outer shell, closed with bolts and a wesather-tight gasket. An
internd sted strongback, shock-mounted to the outer shell, supports one or two fuel assemblies, which
are fixed in position on the strongback by clamps, separator blocks, and end support plates. Depending
on the type of fuel, neutron poisons are sometimes used to reduce reactivity. If the package is used to
transport individual fud rods, a separate inner container is often employed.

The contents of the package are unirradiated uranium in fud assemblies or individua fuel rods. Because
the mgority of these packages are for commercia reactor fud, the uranium istypicaly in the form of
Zircaoy-clad uranium dioxide pellets.

Sketches of the typical package described above are presented in Figures A3-1 and A3-2.
A3.1.3 Alternative Package Design

An dternative design for afresh fud packageis shown in Figure A3-3. In this design, the fud
assemblies are fixed in pogtion by two sted channdls, mounted by angle irons or asmilar bracing
dructure to athin-walled inner meta container. Thisinner container isin turn surrounded by a
honeycomb materid and enclosed in awooden outer container. Foam cushioning materia isaso
generdly used to cushion the fudl assemblies and may be used between the inner and outer container.

A3.2 Package Safety

A3.2.1 Safety Functions

The principa function of the package is to provide criticdity control. The metal outer shell of the
packaging retains the assemblies within a fixed geometry relaive to other such packagesin an array and
providesimpact and therma protection. Shielding requirements are not significant because of the low
radioactivity of unirradiated fudl.

A3-1 NUREG-1609



»_‘\\\‘
.{l\ -

|
L
=T,
R 5}
7 [
— =T
=
= (i
D —
= g
- .
= Lw 73 Lil
S . ' S i R
o Ty, o Lo
o= = 4
R B NN T R
\ o N o A
‘ 1 -_?h_\ e )
Vrea AN, ~ e
’ ; ™ ™y
i £
- ; F o
= Ll o \ “'5 #.-. L
=5 @ =
2 = B N =
—m ; L 2
2] o i i B |
i B 7 4
- -
o [ L
- ‘:c 7
= 0 ™0
== -, e
o o=
Lo =
i-_l
v o 7
L %3]
-
L
o
La

NUREG-1609 A3-2



\ o.vooooo 7 \
Iy 4 JO0M S rTriE i Tt RN
)

. ‘ g
CIOAISSY T13nd ALK NOLLO3IS-SSOUD m
JOVHIY¥d 1dN4 Q3 LvIa¥da 1NN x
c-€Y JUNoI I z

——

1RERTS mmp:o|f/ff
z{ohixhulfffff

LHNAOW HOODHS

ATERASSY T13INd M|.l \\
i-- \\ | A

m@p{xﬁMwmltaita
| NYEELAT

dWY12 IIONY :
MOYEONOULS 4 W
\\\1
LINIYUD dWY D

ATHWASSY 13nd
0/~

—_—

A3-3

oN1 ONTLA | T |




A3.2.2 Safety Features

A strongback with end support plates, clamps, and separators maintains the fuel assembliesina
fixed pogition relaive to each other and to any neutron poisons.

The metal outer shell of the packaging retains and protects the fud assemblies, and may provide
aminimum spacing between assembliesin an array of packages.
Neutron poisons, if present, reduce reactivity.

A3.2.3 Typical Areasof Review for Package Drawings

Outer shel dimendons

Structura components (e.g., strongback, support plates, fud clamps and separators) that fix the
position of fuel assemblies or relative posgition between fud assemblies and poisons

S Dimendons and materids
S Methods of attachment.

Neutron poisons
S Dimensions and tolerances

S Minimum poison content
S Location and method of attachment.

Moderating materids, including plagtics, wood, and foam
S Location

S Material properties.

A3.2.4 Typical Areasof Safety Review

The generd information review identifies the fud assembly designs authorized in the package,
induding:

Number of and arrangement of fuel assemblies

Number, pitch, and position of fud rods, guide tubes, and channels

Ovedl assembly dimensions, induding active fud length

Authorization or redtrictions on missing fud rods or partid-length rods

Maximum enrichment

Pdllet dimensons and tolerances

Minimum cladding thickness

v u»nu unu unu u u u om

Fuel-clad gap
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S Type, location, and concentration of burnable poisons
S Type, location, and quantity of plastics, such as polyethylene, within the fud assemblies.

The structura review addresses possible damage to the outer shell, strongback, fue assembly,
neutron poisons (if present), clamps, separators, and end support plates to ensure that the fuel
assemblies and neutron poisons are maintained in afixed podtion relative to each other under
hypothetical accident conditions.

The dructurd review aso confirms the minimum spacing between fud assembliesin different
packages in an array under hypothetica accident conditions. Spacing can be affected by
separation of the strongback from its shock mounts, failure of the shock mounts or fuel
assembly clamps, and deformation of the outer shell of the package.

The thermd review evauates the effect of the fire on neutron poisons, plastic sheeting, wood,
or other temperature-sensitive materials under hypothetica accident conditions.

The criticality review addresses both norma conditions of transport and hypothetical accident

conditions. Key areas for thisreview include:

S Thenumber of packagesin the array and the array configuration (pitch, orientation of
packages, etc.). Because of movement of the strongback within the package and the
location of poisons, the arrays might not be symmetrica.

S Degree of moderation. Structurd features, aswell as packaging material such as plagtic
sheeting, are evaluated for the possihility of differentid flooding within the package. Plagtic
sheeting on the fuel assemblies should be open a both ends to preclude differentia flooding.
Flooding between the fud pellets and cladding is dso consdered. Variationsin the
dlowable amount of light-weight packaging materid and plagtic shimsinsarted in the fuel
assemblies can aso affect criticality under normal conditions of transport.

The review of operating procedures ensures that ingtructions are provided so that proper
clamps, separators, and poisons are selected for the type of fuel assemblies to be shipped and
that theseitems are properly ingtaled prior to shipment. The procedures should aso address
any other redtrictions (e.g., limits on number of shims) considered in the package evauation.

The review of the acceptance tests and maintenance program verifies that the neutron poisons,
if present, are subject to gppropriate tests to verify their concentration and uniformity.
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APPENDIX A4:
LOW ENRICHED URANIUM OXIDE PACKAGES

A4.1 Package Type
A4.1.1 Purpose of Package

The purpose of thistype of package is to transport pellets and powder of low enriched uranium oxide.
These packages are dso referred to as “low enriched pellet and powder packages’ or “oxide
packages.”

This gppendix addresses only those packages in which the contents are limited to a Type A quantity of
fissle materid. Thisis achieved by limiting @ther the maximum enrichment or a combination of
enrichment and mass.

A4.1.2 Description of a Typical Package

A typica packaging consists of an inner sted vessd positioned within an outer sted drum. The outer
drum, istypicaly a30- or 55-gdl. sted drum with aremovable head and westher-tight gasket. The
head is usually secured by a clamp ring with a closure bolt and atamperproof sed. Vent holes near the
top of the drum, which provide pressure relief under hypothetical accident conditions, are capped or
taped during normal conditions of transport to prevent water inleskage.

Theinner vess istypicdly flanged, with a gasket and abolted lid. The inner vessd is the containment
vess. It is centered in position ingde the outer drum by foam, fiberboard, or smilar insulation materid.
The inner vessel is not a pressure vessel and is not designed to prevent water inleskage under
hypothetical accident conditions.

The contents of this package include low enriched uranium pellets, powder, and sometimes scrap,
which are placed in plastic bags, metd cans, or cardboard boxes prior to loading into the inner
container. Pdllets are generdly arranged on metd trays. Packages may include plates or liners with
neutron poisons within the inner vessd. Spacers may be used within the inner vessdl to maintain the
position of the contents and to displace moderator in the event of water inleskage.

A sketch of atypica package for pellets or powder of low enriched uranium oxideis presented in
Figure A4-1.

A4.2 Package Safety

A4.2.1 Safety Functions

The principa function of the package isto provide criticaity control. The inner vessd provides
containment to satisfy the requirements for Type A packages. Shidding requirements are not significant
because of the low radioactivity of unirradiated uranium oxide.
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A4.2.2 Safety Features

* Theouter metd drum and insulation protect the inner vessel under hypothetica accident
conditions, and maintain a minimum spacing between the inner containers of different

packagings.
* Theinner vesse provides containment and maintains a fixed geometry for criticality control.
« Neutron poisons, if present, reduce reactivity.
A4.2.3 Typical Areasof Review for Package Drawings

* Inner vesd
Materids of congtruction

Dimensons and tolerances, including thickness
Product containers

Spacers, including materids and dimensons

. unu umu u m

Fabrication codes or standards.

« Neutron poisons
S Isotopes and minimum concentration

S Dimensons and tolerances
S Location.
e Inaulaing materid
S Type
S Dimensons and tolerances
S Densty.
« Outer drum
S Materid
S Closure, including use of heavy-duty clamp ring, bolt torque

S Dimendons.

A4.2.4 Typical Areasof Safety Review

» Thedtructurd review evauates package integrity under drop, puncture and thermal tests. This
includes verifying that the lid of the outer drum remainsin place and that the inner vessdl is not
damaged.
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The structurd and thermd reviews address the minimum spacing between contents of different
packages under hypothetical accident conditions. Damage to outer drum and charring of the
insulation may result in closer spacing and more reectivity than that under norma conditions of
transport.

The thermd review aso evauates the effect of fire on neutron poisons and spacers.

The criticality review addresses in detail both norma conditions of transport and hypothetical
accident conditions. Key areas for this review include:

S The configuration of the contents under norma conditions of trangport and hypothetical
accident conditions. Thisincludes number, spacing, Size, and condition of pellets,
digribution of powders, and Smilar effects. Smal changesin dimensons of the inner vessdl
can result in asignificant increase in reectivity.

S Didribution and degree of moderation. In addition to the moisture content of the pellets or
powder, structurd features, spacers, and packaging materia such as plastic bags or cans
are evauated for the possibility of differentia flooding within the package. Variaionsin the
dlowable amount of light-welght packaging materid are d o verified. Loading less than the
maximum alowed contents can provide additiona volume for water inleakage under
hypothetica accident conditions, and therefore partia |oads are often more reactive than a
fully packed inner vessd.

S Thenumber of packages considered in the array and the array configuration (e.g., pitch and
orientation of packages). Depending on the positioning of contents and the location of
poisons, the arrays might not be symmetrica.

S Thedegree and location of damage (e.g., drying or charring) to the thermd insulation
caused by the fire test.

The review of operating procedures ensures that instructions are provided so that proper
neutron poisons or spacers are salected for the type of contents to be shipped and that the
package is properly closed.

The review of the acceptance tests and maintenance program verifies that the neutron poisons,
if present, are subject to gppropriate tests to verify their concentration.
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APPENDIX A5:
TRANSURANIC WASTE PACKAGES

A5.1 Package Type
A5.1.1 Purpose of Package

The purpose of thistype of package isto transport a Type B quantity of contact-handled transuranic
waste.

Ab5.1.2 Description of a Typical Package

A typicd packaging conssts of a gainless sted inner containment vessdl housed insde adainless sted
and polyurethane outer containment assembly.

The outer containment vessd isaright circular cylinder with aflat bottom and domed lid. Its body and
dome generaly consst of polyurethane foam sandwiched between an inner and outer stainless stedl
shell. The dome-shaped lid is secured to the body by alocking ring. An eastomeric O-ring isused as
the containment sedl; a second O-ring alows the sedl to be legk-tested. The assembly typicaly contains
aleak-test port and a vent port. Fork pockets are often located at the base of the assembly for lifting
and handling the entire package. Separate lifting devices are used for handling thelid only.

The inner containment vessd is astainless sted shell with domed ends. The closure system congsts of
two O-rings, aleak-test port, and a vent port, Smilar to the outer containment vessdl. Lifting deviceson
the inner lid can be used for lifting either the lid itself or an empty inner containment vessd.

The contents of the package consst of contact-handled transuranic waste produced primarily from
plutonium production operations. The waste may be packaged within secondary containers. The
contents may be limited to restrict the generation of hydrogen or other combustible gases.

Severd packages may be secured to a specid trailer for transport.
A sketch of atypica transuranic waste package is presented in Figure A5-1.
Ab.2 Package Safety

A5.2.1 Safety Functions
The principa safety functions of the package are to provide containment and criticality control.
A5.2.2 Safety Features

« Theinner and outer containment vessdls provide double containment for the plutonium.

A5-1 NUREG-1609
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The sted package and configuration of the secondary containers provide sufficient attenuation
and digtance from the waste to satisfy the shielding requirements for norma conditions of
trangport (exclusive use) and hypothetica accident conditions.

The limit on the dlowed mass of fissle materid provides criticdity control for a Sngle package.
The physical size and separation of contents also ensures subcriticality for arrays.

A5.2.3 Typical Areasof Review of Package Drawings

Containment vesls
Materids of construction

Dimensions and tolerances
Fabrication codes or standards
Wed specifications, including codes or standards for nondestructive examination

v u»wu unu uvu wm

Foam specification and dengity, as gpplicable.

Containment vessdl closures
Lid materids, and ther dimensons and tolerances

Closure device design details, such as bolt specifications and torque
Sed materid, size, and compression specifications

Sed groove dimensions

wvw u»wu unu uvu om

Vent and lesk-test ports, including closure methods.

A5.2.4 Typical Areasof Safety Review

The gtructura and therma reviews eva uate the ability of the containment vessels to perform
their intended functions under norma conditions of trangport and hypothetical accident
conditions. Primary emphasisis on the structurd effects near the O-ring regions (including
closure devices) and on the therma performance of the O-rings.

The therma and containment reviews verify that the hydrogen concentration in any confined
volume will not exceed 5% (by volume) during a period of one year. Shorter time periods have
been approved based on detailed operating procedures to control and track the shipment of
packages. The reviews aso should ensure that the containment eva uation specifies that the
secondary containers are aspirated prior to shipment.

The containment review verifies that the 10 CFR Part 71 containment criteria are satisfied for
both normal conditions of transport and hypothetical accident conditions. With typica contents,
the package must remain leaktight, as defined in ANSI N14.5. Each containment vessd must
separately meet the 10 CFR Part 71 containment criteria
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» Theshidding review evduates the ability of the package to satidfy the dlowed radiation levels
during norma conditions of trangport and hypothetical accident conditions.

» Thecriticdity review confirms that a sngle package and array of packages are subcritical
during both norma conditions of trangport and hypothetical accident conditions.

« Thereview of operating procedures verifies that any free-standing water is removed from both
containment vessels and that they are closed and |leak-tested prior to shipment. The review aso
typicaly ensures that the secondary containers are aspirated prior to shipment.

» Thereview of acceptance tests and maintenance program verifies that appropriate fabrication
and periodic verification leakage tests are performed.

References

American National Standards Ingtitute, ANSI N14.5-1997, “ American National Standard for
Radioactive Material s-_eakage Tests on Packages for Shipment,” New Y ork.
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APPENDIX AG:
LOW ENRICHED URANIUM HEXAFLUORIDE PACKAGES

A6.1 Package Type

A6.1.1 Purpose of Package

The purpose of thistype of package isto trangport low-enriched solid uranium hexafluoride (UF).
A6.1.2 Description of a Typical Package

A typicad packaging conssts of an inner stedl cylinder that acts as a containment vessel, and an outer
protective overpack. Unenriched UFg may be transported in bare cylinders, without the protective
overpack, as authorized in DOT regulations. Protective overpacks are typicaly required only for the
transport of enriched (fissle) UF. ANSI N14.1 specifies the design and fabrication of the UFg
cylinder. ANSI N14.1 and USEC-651 contain information regarding overpacks.

The inner cylinder is carbon sted, with rounded ends and a protective skirt. On one end of the cylinder
isavavefor filling and emptying the cylinder; on the other end is aremovable plug. The most
commonly used commercia cylinders are gpproximately 0.76 m (30 in.) in diameter, 21 m (811in.) in
length, with a capacity of about 2300 kg (2.5 tons) of UF,. The design and authorized contents are
defined in ANSI N14.1.

The protective overpack is generdly a double-shell, stainless stedl cylinder with cushioning pads on the
inner cavity. An energy-absorbing, insulaing foam fills the space between the inner and outer shell. The
overpack can be separated into two halves to enable easy access to the inner cylinder. Overpacks for
the 30-in. cylinders mentioned above are approximately 0.016 m (4 in.) thick.

For the 30-in. cylinder, the UF4 enrichment must not exceed 5%. The cylinder isfilled with liquid UF.
Because of the volume reduction during cooling and solidification of the UFg, the find internd pressure
isless than one atmosphere in the cylinder.

A sketch of atypicd UF4 package (cylinder and overpack) is presented in Figure A6-1.
A6.2 Package Safety

A6.2.1 Safety Functions

The primary function of the package is to provide containment and moderation control for criticaity
purposes. Moderation control is required for dl commercidly used cylindersfor fissle UFg and must be
maintained under norma conditions of trangport and hypothetica accident conditions. To assure
subcriticdity by moderation control, the mass of the contents must be at least 99.5% UF.

AG-1 NUREG-1609
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The cylinder is defined as the containment boundary for the UF,. Unirradiated uranium enriched to less
than 5% isa Type A quantity. Recycled uranium can be a Type B quantity due the presence of 22U,
233y, 28U, and various radioactive impurities.

Shidding requirements are generaly not significant because of the low radioactivity and sdf-shidding of
UF. Compliance with regulaory limitsfor radiation levelsis verified prior to shipment.

The overpack provides thermd protection to prevent overheating of the UFg, which can cause
hydraulic failure of the cylinder. The overpack aso provides impact protection for the cylinder and the
valve.

A6.2.2 Safety Features

* Theded cylinder precludes inleskage of water and provides containment under normal
conditions of trangport and hypothetica accident conditions.

* Thecylinder skirt provides some protection to the valve during handling operations, norma
conditions of transport, and hypothetical accident conditions.

» The overpack provides structural and therma protection for the cylinder and its valve under
hypothetical accident conditions.

A6.2.3 Typical Areas of Review for Package (Over pack) Drawings

*  Overpack shell
S Mateidsof congruction

S Dimensons and tolerances
S Ventsfor pressure-relief of foam combustion products.
» Foam specifications
Type
Density
Compressive strength

Fire retardant characteristics

w unu unu umu um

Limit on free chlorides.

e Closure devices
S Torque

S Vave protection device.

A6.2.4 Typical Areas of Safety Review
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» Thedtructural review concentrates on the ability of the overpack to protect the valve under
hypothetical accident conditions.

* Thesructurd and therma reviews address the ability of the overpack to provide protection to
the cylinder itself under hypothetical accident conditions. Because of the heat capacity of the
UF,, apartidly filled cylinder may be more susceptible to hydraulic failure than afull cylinder.

« The containment review verifies that the cylinder meets the containment criteriain ANSI N14.5
for Type B packages.

» Thecriticdity review confirms that there is no water inleskage under normal conditions of
trangport and hypothetica accident conditions. The minimum trangport index for criticdity
control is specified in 49 CFR 173.417.

« Thereview of operating procedures ensures that the valve is properly closed and lesk tested,
as gppropriate, and that the valve protection device, if gpplicable, isingaled. Thisreview dso
confirms thet the radiation levels are verified to meet the regulatory limits prior to transport.

* Thereview of the acceptance tests and maintenance program eva uates the ingpection
procedures for the overpack, including the physica condition of the inner and outer shdlls,
corrosion, performance of the foam during the service life of the overpack, and wear of
cushioning pads between the cylinder and overpack. The review aso verifies that the cylinder is
tested and maintained in accordance with the requirementsin 49 CFR 173.420 and ANSI
N14.1.

References

American National Standards Institute, ANSI N14.5-1997, “ American Nationa Standard for
Radioactive Material s eakage Tests on Packages for Shipment,” New Y ork.

Ingtitute of Nuclear Materia's Management, “ American National Standard for Nuclear
Materials—Uranium Hexafluoride—Packaging for Transport,” ANSI N14.1-1995, New Y ork.

U. S. Enrichment Corporation, “Uranium Hexafluoride: A Manud of Good Handling Practices”
USEC-651 (Revision 7), January 1995.
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APPENDIX AY:
HIGH ENRICHED URANIUM OR PLUTONIUM PACKAGES

A7.1 Package Type
A7.1.1 Purpose of Package

The purpose of thistype of package isto trangport Type B quantities of high enriched uranium or
plutonium (other than by air).

A7.1.2 Description of a Typical Package

A typica packaging conssts of one or two containment vessal's and an outer container. Double
containment is required for plutonium in excess of 20 Ci, except as specified in §871.63(b)(1-3).

The outer container isasted drum with a removable head and weather-tight gasket. The head is usualy
secured by aclamp ring with atamperproof sedl. Vent holes near the top of the drum, which provide
pressure relief under hypothetical accident conditions, are capped or taped during norma conditions of
transport to prevent water inleakage.

The inner containment vessd isaged container, typicaly a dainless sted cylinder, with amaximum
outer diameter of 0.127 m (5in.), closed by awelded bottom cap and awelded top flange with a
bolted lid. Thelid, which is sealed by two O-rings, contains a leak-test port and sometimes a separate
fill port for lesk testing. Unless double containment is provided, this containment vessdl is centered in
position insde the outer container by fiberboard (or smilar materid) insulating materid. If double
containment is required, the inner (primary) containment vessdl is positioned ingde a secondary
containment vessd.

The contents are uranium or plutonium, typicaly in metd, oxide, or nitrate form. The uranium or
plutonium is generaly placed in plastic bags or metal cans prior to loading into the containment vessd.
Spacers are often used to maintain the position of the contents. Uranium may be in liquid form.
Plutonium in excess of 20 Ci must be shipped as a solid.

A sketch of atypicd package for high enriched uranium is presented in Figure A7-1. A package for
plutonium would be smilar, except than a second containment system would be required.

A7.2 Package Safety

A7.2.1 Safety Functions
The principa functions of the package are to provide containment and criticality control.

Package design festures that accomplish the containment and criticality functions generaly dso provide
adequate shidding to satisfy the requirements for nonexclusve-use shipment. Additiona shieding may
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be required if Significant quantities of certain isotopes, e.g., 2Pu or 2**Am (from the decay of 2*'Pu) are
present.
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A7.2.2 Safety Features

* Theged drum and insulating materid protect the containment vessdl and contents under
hypothetica accident conditions and maintain a minimum spacing between packagings for
criticdity control.

* Theded inner vessd provides containment of the radioactive materid. An additional
containment vessel aso provides containment for plutonium, if required by 871.63(b).

« Thediameter and volume of the inner containment vessd, together with limits on the fissle mass
of the contents, ensure that asingle package is subcritical.

» The contanment vessd, insulaing materid, and sed drum maintain a minimum distance from
the contents to the package surface and provide some attenuation to satisfy the shielding
requirements.

A7.2.3 Typical Areasof Review for Package Drawings

» Containment vessd body
S Mateidsof congruction

S Dimengons and tolerances, including maximum cavity dimensons
S Fabrication codes or standards
S Wedd specifications, including codes or standards for nondestructive examination.

e  Contanment vesd closures
Lid materids, dimensons, and tolerances

Boalt specifications, including number, sze, and torque
Sed materid, size, and compression specifications

Sed groove dimensions

" »u unu u»vu om

L eak-test ports.

e Spacersto postion or displace fissle materid
S Materid of congtruction

S Dimensions and tolerances
S Locations.

* Inaulaing materid
S Type
S Dimensions and tolerances

S Densty.
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e QOuter drum
S Materid

S Closure, including use of heavy-duty clamp ring, bolt torque
S Dimendons
S Applicable codes or standards.

A7.2.4 Typical Areasof Safety Review

» Thedructura review confirms that packaging integrity is maintained under the drop, crush, and
puncture tests. The review dso verifies that the drum lid remains securely in place.

« The gtructurd and thermal reviews evauate the performance of the containment system under
both norma conditions of trangport and hypothetical accident conditions. Primary emphasisis
on the structurd integrity of the inner vessdl and its closure, and on the thermal performance of
the O-rings. If the package provides double containment, each containment vessel must
separatey meet the containment criteria.

* Thedructural and therma reviews address the condition of the package and the minimum
spacing between different packages under hypothetica accident conditions. Damage to the
outer drum and charring of the insulating materid may result in closer spacing than thet of
norma conditions of transport.

» Thethermd and containment reviews verify that the hydrogen concentration in any confined
volume will not exceed 5% (by volume) during a period of one year. Shorter time periods have
been approved based on detailed operating procedures to control and track the shipment of
packages.

» Thecriticdity review addresses in detail both norma conditions of transport and hypothetical
accident conditions. Key parametersfor this review include the number of packagesin the
arrays, array configuration (pitch, orientation of packages, etc.), positioning of the containment
vessas within the drum, moderation due to inleakage of water, the condition and quantity of
gpacing materid, and interspersed moderation between packages.

» Thereview of operating procedures confirms that the containment vessels have been properly
closed and bolts torqued, and that an appropriate pre-shipment leak test is performed.

* Thereview of the acceptance tests and maintenance program verifies that appropriate
fabrication and periodic verification leakage tests are performed.
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APPENDIX A8:
TYPE B SPECIAL FORM PACKAGES

A8.1 Package Type

A8.1.1 Purpose of Package

The purpose of this type of packageisto trangport a Type B quantity of radioactive materia in specid
form.

A8.1.2 Description of a Typical Package
A typical packaging consists of a cask body with alid, base, and protective jacket.

The cask body is alead-filled cylinder with a stainless stedl inner and outer shell. A drain tube
penetrates the cavity and is sealed with a plug, which is covered by the protective jacket during
transport. A lead-filled, stainless stedl lid is bolted to the tapered top of the main body and sedled with a
weether-tight gasket. Both the body and the lid generdly have lifting devices that are covered during
shipment by the protective jacket.

The base isasquare stedl skid that bolts to the protective jacket. The skid conssts of energy-absorbing
ged angles (diffeners). Severa 1-beams are welded to the base to enable handling by aforklift.

The protective jacket is a double-walled stedl cylinder with an open bottom and a protruding box
section positioned diametrically across the top and verticaly down the sides. The jacket may contain
therma insulation. A sted flange bolts to the base, and the main body of the packaging is centered
within the jacket by stedl tubes welded to the jacket inner wall. Stedl lifting loops are typically welded
to the top corners, and tie-down devices are welded to the sides.

The contents of the package typicaly conssts of byproduct materid in specid form.
A sketch of atypica Type B specid form package is presented in Figure A8-1.

A8.2 Package Safety

A8.2.1 Safety Functions

The principa safety function of the package is to provide radiaion shielding. Containment is provided
primarily by the speciad form sourceitself. The packaging must maintain the sources in the fully shielded
configuration under normal conditions of transport and hypothetical accident conditions.

A8.2.2 Safety Features

» Thelead shidd provides shielding for gamma radiation.

» Theprotective jacket provides structural and thermal protection to the main body, which
contains the specid form radioactive materid.

A8-1 NUREG-1609
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A8.2.3 Typical Areasof Review for Package Drawings

Cask body
S Mateids of congtruction

S Dimengons and tolerances of sed shellsand lead shidd
S Fabrication codes or standards, including any specid processes for lead pour
S Wed specifications, including codes or standards for nondestructive examination.

Closures
Lid materids, and their dimensions and tolerances

Balt specifications, including number, size, minimum thread engagement, and torque
Sed materid, Size, and compression specifications

Sed groove dimengons

. unu umu u m

Vent and leak-test ports, including closure methods.

Protective jacket
S Method of attachment

S Bolt spexifications, including number, size, minimum thread engagement, and torque
S Inaulaiing meterid.

A8.2.4 Typical Areasof Safety Review

The review of the generd information verifies that the contents are specid form.

The gtructura and thermd reviews evauate the ability of the shidd to perform itsintended
function under norma conditions of transport and hypothetical accident conditions. Lead
dumping should be inconsequentid and the lead should not melt. These reviews ensure thet the
package has been tested under the most damaging conditions (e.g., impact orientation). The
integrity of the cask closure and boltsis aso reviewed.

The thermd review should verify that no credit has been taken for the presence of heiumin
gaps between packaging components. The review should verify thet the heet transfer mediumiis
ar, and that the effects of air on the contents and packaging components have been addressed.
The shidding review evauaes the ahility of the package to satisfy the dlowed radiation levels
during both norma conditions of trangport and hypothetical accident conditions.

The review of operating procedures verifies that the cask has been gppropriately drained and
that the bolts are properly torqued.

The review of the acceptance tests and maintenance program ensures that appropriate tests are
specified for shidding and thermd performance.
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