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ABSTRACT

The Packaging Handbook, dealing with the
development of packagings designed to carry
radioactive material, is being written for DOE's
Transportation and Packaging Safety Division.
The primary goal of the Handbook is to provide
sufficient technical information and guidance to
improve the quality of Safety Analysis Reports on
Type B Packagings (SARPs) that are submitted to
DOE for certification. This paper provides an
update on the status of the Handbook.

I. INTRODUCTION

The Packaging Handbook, dealing with the
development of packagings designed to carry
radioactive material, is being written for DOE's
Transportation and Packaging Safety Division.
This document is intended to be a revision to
ORNL-NSIC-68, A Guide for the Design,
Fabrication, and Operation of Shipping Casks for
Nuclear Applications, commonly called the Cask
Designers Guide. Many important advances have
taken place in the packaging design and analysis
process since the Cask Designers Guide was
published in 1970. Much has been learned
throughout the 1970s and 1980s about the
fabrication and operation of packages and how
the details of the design can affect these activities.
The Handbook has been evolving over a period
of about two years, with many authors
contributing both time and effort to bring their

design and licensing experience to the attention
of readers. This paper provides an update on the
status of the Handbook.

Authors of the Handbook include R. B.
Pope, R. R. Rawl, L. B. Shappert, B. L
Broadhead, H. R. Dyer, C. V. Parks, H. Taniuchi,
and G. E. Whitesides, Oak Ridge National
Laboratory (ORNL); C. R. Hammond and S. D.
Moses, Martin Marietta Energy Systems; M. E.
Wangler, Department of Energy; T. G. Carley,
University of Tennessee; R. E. Glass, Sandia
National Laboratories; F. L. Danese, Science
Applications International Corporation; R. R.
Fabian, Argonne National Laboratory; J.
Hovingh, R. W. Carlson, L. E. Fischer, and R. A.
Riddle, Lawrence Livermore National Laboratory;
R. T. Haelsig, Packaging Technology, Inc.; and A.
H. Wells and R. H. Jones, consultants. These
authors have had many years of experience in the
packaging field, have had some association with
regulators, and, in some cases, have submitted
package designs for certification.

The Packaging Handbook has one primary
goal: to provide sufficient technical information
and guidance to improve the quality of Safety
Analysis Reports on Type B Packagings (SARPs)
that are submitted to DOE for certification. The
Handbook will contain fourteen chapters and two
appendices, each one written by one or more of
the above-noted authors. The authors' combined
experiences should provide the best guidance to



minimize problems that might not otherwise be
uncovered until the certification process is
initiated and well under way, or possibly until the
packaging has been built and operated.

Although most of the chapters deal with
topics that are addressed in the development of a
SARP, the Handbook will also provide the reader
with up-to-date information and references on the
more recent designs of Type B fissile packagings,
as well as information on package fabrication,
quality assurance, certification, use, maintenance,
and other general topics — all of which can
directly influence the packaging design.

Because of the complexity of most Type B
packages, their design is frequently carried out by
a group of engineers, many of whom are
specialists in very specific technical areas (e.g.,
heat transfer, shielding, criticality, etc.). However
this document addresses them collectively as "the
package designer." Thus, the packaging designer
must be aware of many interrelated technical
fields as well as federal regulations and
operational constraints/limitations of the
packaging under consideration. Figure 1
summarizes these interrelationalships and how
they must be established within both the
regulatory and quality assurance framework.1

An initial draft of 10 of the 14 chapters plus
the two appendices have been received and have
undergone internal technical reviews by staff
members at ORNL. Comments generated in this
process have been returned to the primary
authors and, in many cases, the chapters have
been revised and returned in final form. The
writing activities for the final four chapters are
well under way, and initial drafts of these chapters
should be completed in 1 to 2 months. All
chapters have undergone, or will undergo, a light
initial edit to ensure an internal consistency.
Once the final draft of the Handbook is
completed, it will be sent out to selected experts
in the technical community for peer reviews.
Comments from that process will be returned to
each author for his consideration and a final
revision.

II. CONTENT OF THE DOCUMENT

The following observations are extracted, or
paraphrased, from the various chapters and will
provide some insight as to how and where various
authors have focused their efforts.

The analysis of the structural integrity of a
shipping package differs from the analysis of the
thermal, shielding, and criticality safety in one
important respect: there is no single computer
code or methodology for structural evaluation
which can be applied to all parts of the package
in a single analysis. This analysis is performed in
stages; for example, the lift trunnions may be
analyzed by hand calculations or a computer code,
while the body shells are usually analyzed by a
finite-element computer code. The acceptable
stress levels are different for these components,
and different Regulatory Guides apply. In
addition, the materials that form the containment
boundary of a package must be qualified by
elastic analyses, that is, they may not yield in
hypothetical accident scenarios. Noncontainment
components may function in the elastic/plastic
regime. One example is the effect of a 9-m drop
on impact limiter attachments, which may deform
substantially without losing their functionality.

Because of the importance that the design of
impact limiters has in the certification process of
large packages, an appendix has been included
which surveys the materials and procedures for
the design of impact limiters in radioactive
materials transport. The appendix considers the
material properties of wood, honeycomb and
foamed materials.

Materials, and their limitations, have surfaced
as very important elements in the licensing
process. The materials selected for the packaging
of nuclear materials are chosen for their ability to
shield and contain and to meet other constraints
imposed on the designer. Regulatory
requirements compel the designer to provide
material property data on the materials of
construction that are thorough and of high
quality. The mechanical properties that are of
primary interest to the designer include strength,
ductility, toughness and resistance to fatigue and



wear. Other important properties include creep,
corrosion resistance, and expansion under thermal
loads.

The major thermal design issue involves the
conflict between passively removing the heat
produced from radioactive decay generated by the
source being carried in a package, with a small
temperature gradient through the package, while
passively protecting the package internals from
accidental external heat sources. Thus, a passive
system, such as external insulation to protect the
containment system from overheating in a
accident involving a fire, may exacerbate the
difficulty of removing the decay heat from the
containment vessel to the package surface under
normal conditions of transport. This chapter
discusses source characterization, including the
heat source generated by the radioactive contents,
thermal insolation, and the thermal input during
the regulatory hypothetical accident condition.
The modes of heat transfer, as well as radiant and
convectivc heat transfer found in a fire, arc
described. The methodologies for carrying out
steady-state and transient heat transfer analyses
and thermal testing are discussed.

Numerous codes are used by designers to
analyze the thermal performance of a package.
Because of this, DOE funded a program to
provide analytical benchmarks that could be used
by package designers to evaluate any specific code
to be employed in the design and certification of
a package. The results of this effort are reported
in one of the appendices of the Handbook.

The shielding for a shipping package must be
designed to maintain radiation dose rates external
to package surfaces below established regulatory
limits under defined normal and accident
conditions. These regulations can vary depending
upon whether the package is transported with
other goods in general freight or whether it has
exclusive use of the vehicle that transports it.
Two forms of radiation are of most concern in
package design: gammas and neutrons. Gamma
radiation requires dense material for efficient
shielding (e.g., lead, steel, and depleted uranium).
Neutrons, when present, require a light material,
often containing significant quantities of
hydrogen, in order to shield the source. Each

type of radiation requires somewhat different
techniques to determine the proper shielding
thicknesses to reduce external dose rates to
acceptable limits. The shielding chapter discusses
how the radiation source can be characterized,
analysis methods that may result in a preliminary
package design, and, finally, calculational
techniques that may be applied to a package
design in order to predict external dose rates.

The criticality chapter deals with packages
that are capable of transporting fissile materials,
in general, and spent nuclear fuel, in particular.
Most spent fuel packages are designed with some
type of basket in the cavity whose purpose is to
separate and support the assemblies, transfer heat
from the assemblies to the inner cavity wall, and
prevent a critical mass from being formed.
Subcriticality is achieved and maintained by
incorporating sufficient neutron poison in the
basket separator plates to keep keff to well below
0.95 even after damage in the cavity is accounted
for. Incorporation of such nuclear poisons may
affect the mechanical and/or thermal properties of
the basket structure. The analytical methodology
to be used in criticality analyses must be validated
through the analysis of critical experiments; this
applies to both the nuclear data and the neutron
transport codes. This chapter discusses the
parameters affecting criticality safety, safe
shipping limits, and industry standards that
influence the principles of criticality safety.
Analysis methods for package designs are
covered, as are validation procedures for criticality
codes. Special issues, such as burnup credit,
margins of safety, material selection for poison
control, and in-situ measurement techniques arc
also discussed.

Containment of the contents of a package
during both normal conditions of transport and
under accident conditions is important to the
health and safety of the public as well as the
package operators. To assist the designer in
developing a package that provides adequate
containment for the proposed contents, the
regulators specify features that must be
incorporated and also some that cannot be used
in package design. The required conditions or
features include positive fastening devices for
closures (such as torqued bolts), protection of



fasteners from inadvertent operation, enclosures
at penetrations to retain leakage from valves, and
the use of adsorbents for liquids. The regulations
prohibit continuous venting devices, filters and
mechanical cooling of the package.

The designer may elect to show by analysis
that leakages which might occur under normal
and defined accident conditions are below the
limiu, specified in the regulations, or that the
package is "leak tight" as defined by ANSI N 14.5,
the American National Standard.2 Examples in
the use of the standard are presented.

Although the focus of this document is on
the design, a number of chapters deal with
operational aspects of packages. Many of the
operational concerns that have been raised about
particular packages in the past can be traced
directly to poor packaging designs. Often people
who design packagings do not fabricate or
operate them. The Handbook will also provide a
designer with some insight to many of the typical
concerns from those who do operate, or
otherwise handle, radioactive material packagings
once they have been built.
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Fig. 1. Main Factors Affecting Design Optimization of a Large Type B Package.


