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(57) Abrégée/Abstract:
Embodiments of the present disclosure relate generally to transportation containers and assemblies, such as transportation
containers and assemblies for containing and transporting radioactive material. A transportation assembly for transporting
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(57) Abrege(suite)/Abstract(continued):

radioactive material generally includes an outer container defining an inner cavity, the outer container having an inner shell, wherein
at least a portion of the inner shell includes a plurality of layers including at least one layer of chopped fiberglass mat and at least

one layer of aramid fabric. The transportation assembly may further include an inner container disposed within the inner cavity of
the outer container.
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(57) Abstract: Embodiments of the present disclosure re-
late generally to transportation containers and assemblies,
such as transportation containers and assemblies for con-
taining and transporting radioactive material. A transporta-
tion assembly for transporting radioactive material gener-
ally includes an outer container defining an inner cavity,
the outer container having an inner shell, wherein at least a
portion of the inner shell includes a plurality of layers in-
cluding at least one layer of chopped fiberglass mat and at
least one layer of aramid fabric. The transportation assem-
bly may further include an inner container disposed within
the inner cavity of the outer container.
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TRANSPORTATION CONTAINER AND ASSEMBLY

TECHNICAL FIELD

Embodiments of the present disclosure relate generally to transportation containers and
assemblies and, more specifically, to transportation containers and assemblies for containing
and transporting radioactive material.

BACKGROUND

US patent no. 6805253 discloses a removable protective casing for the protection of

heavy and possibly hazardous articles during storage and/or transit.
SUMMARY

This summary is provided to introduce a selection of concepts in a simplified form that
are further described below in the Detailed Description. This summary 1s not intended to
identify key features of the claimed subject matter, nor is it intended to be used as an aid in
determining the scope of the claimed subject matter.

In accordance with embodiments of the present disclosure, a transportation assembly for
transporting radioactive material is provided. The transportation assembly generally includes an
outer container having first and second ends, wherein the outer container defines an inner
cavity, the outer container having an inner shell, wherein at least a portion of the inner shell
comprises a plurality of layers including at least one layer of chopped fiberglass mat, at least
one layer of aramid fabric, and at least one layer of a double bias glass fabric, the inner shell
further including at least one stiffening member disposed at either of the first and second ends
of the outer container, wherein the stiffening member is substantially transverse to a
longitudinal axis extending from the first end to the second end; and an inner container
disposed within the inner cavity of the outer container.

In accordance with other embodiments of the present disclosure, an outer container to
provide protection for an inner container for transporting radioactive material 1s provided. The
outer container generally includes first and second portions defining an inner cavity, the first
and second portions both having an inner shell, wherein at least a portion of the inner shell
comprises a plurality of layers including at least one layer of chopped fiberglass mat, at least

one layer of aramid fabric, and at least one layer of a double bias glass fabric, wherein the mnner

shell further includes at least one stiffening member disposed in either of the first and second
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portions of the outer container, the stiffening member being oriented in a plane substantially
transverse to a longitudinal axis extending through the outer container.,

In accordance with other embodiments of the present disclosure, there is provided a
method of transporting radioactive material, comprising placing an inner container into an outer
container, wherein the inner container contains the radioactive material, and the outer container
includes first and second portions defining an inner cavity, the first and second portions both
having an inner shell, wherein at least a portion of the inner shell comprises a plurality of layers
including at least one layer of chopped fiberglass mat and, at least one layer of aramid fabric,
and at least one layer of a double bias glass fabric, wherein the inner shell further includes at
least one stiffening member disposed in either of the first and second portions of the outer
container, the stiffening member being oriented in a plane substantially transverse to a
longitudinal axis extending through the outer container; and securing the first and second
portions of the outer container using an outer container closure system, wherein the outer

container closure system includes a plurality of latches and a plurality of fasteners.

DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advantages of this disclosure will
become better understood by reference to the following detailed description, when taken in
conjunction with the accompanying drawings, wherein:
FIGURE 1 is a perspective front view of a transportation assembly in accordance with one
embodiment of the present disclosure;
FIGURE 2 is a top view of the transportation assembly of FIGURE 1;
FIGURE 3 is a cross-sectional view of the transportation assembly of FIGURE 1 taken through
plane 3-3 shown in FIGURE 2;
FIGURE 4 is a partial, close-up, cross-sectional view of a first exemplary lay-up of a portion of
a wall of an outer container of the transportation assembly of FIGURE 1;
FIGURE 5 is a partial, close-up, cross-sectional view of a second exemplary lay-up of a portion
of a wall of the outer container of the transportation assembly of FIGURE 1;
FIGURE 6 is a partial, close-up, cross-sectional view of an interface between lower and upper

portions of the outer container and a latch of the transportation assembly of FIGURE 1;
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FIGURE 7 is a partial, close-up, cross-sectional view of an interface between lower and upper

portions of the outer container and a fastener of the transportation assembly of FIGURE 1 taken
through plane 7-7 shown in FIGURE 2;

23
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FIGURE 8 1s a partial, close-up, cross-sectional view of an interface between
lower and upper portions of the outer container and a recess in the upper portion of the
transportation assembly of FIGURE 1; and

FIGURE 9 1s a partial perspective front view showing a forklift assembly of the
transportation assembly of FIGURE 1.

DETAILED DESCRIPTION

Embodiments of the present disclosure are generally directed to transportation
containers and assemblies for radioactive material. Referring to FIGURES 1-3, there 18
shown a transportation assembly, generally indicated 20, constructed in accordance with
the one embodiment of the present disclosure. The assembly 20 generally includes an
outer container 22 defining an inner cavity 23, and an inner container 24 disposed within
the inner cavity 23 of the outer container 22 (see FIGURES 2 and 3). As will be
described 1n detail below, the outer container 22 and the 1nner container 24 are
cooperatively configured and arranged such that the outer container 22 provides
insulation and protection to the inner container 24 during the normal conditions of
transport, as well as 1in hypothetical accident conditions.

Embodiments of the assembly 20 described herein are designed and configured
for the transportation of radioactive material including fissile material in the form of dry
solids, such as enriched uranium oxide. As a non-limiting example, the enriched uranium
oxide may be a powder enriched to a maximum of 1.2%. In that regard, embodiments of
the assembly 20 are minimally designed to protect the transport staff, other people, and
the environment from the potentially hazardous material as a result of fire, submersion,
impact, or damage to the assembly 20. However, 1t should be appreciated that
embodiments of the assembly 20 described herein can also be used to transport other
radioactive or nonradioactive material.

Embodiments of the assembly 20 are generally designed to contain the radioactive
material without release to the environment when subjected to standard crush, drop,
puncture, hypothetical fire, and water immersion tests required for their certification.
Further, embodiments of the assembly 20 of the present disclosure are generally sized and
configured to be transportable, for example, to be carried by a suitable transportation
means, such as truck or rail. However, it should be appreciated that non-portable or

stationary assemblies are also within the scope of the present disclosure.
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While embodiments of the transportation assembly 20 described herein generally
include an outer container 22 having an inner container 24 disposed within the inner
cavity 23 of the outer container 22, 1t should be appreciated that embodiments of the
present disclosure are also directed to a discrete outer container 22, 1.¢., without an 1nner
container.

Referring to FIGURE 3, the outer container 22 will now be described in greater
detail. The outer container 22 1s not designed as the containment boundary for the
radioactive material. Rather, 1t 1s an "overpack” device designed to protect the inner
container 24 (which 1s designed to contain radioactive material) and reduce the severity 1n
a hypothetical accident condition by preventing any loss of contents from the inner
container 24. In the 1illustrated embodiment, as best secen in FIGURE 3, the outer
container 22 1s a substantially cylindrical container having an outer wall 26 and first and
second ends 28 and 30, shown as top and bottom ends 28 and 30 in FIGURE 3. While
the 1llustrated embodiment 1s shown as a cylindrical container, 1t should be appreciated
that other shapes are also within the scope of the present disclosure.

The outer container 22 includes two couplable portions, a first portion 32 and a
second portion 34. The first portion 32 15 substantially a lower portion when the outer
container 22 18 oriented 1n 1ts upright position, as best seen in FIGURES 1 and 3. In that
regard, the first portion 32 generally includes the bottom end 30 of the outer container 22
and a portion of the wall 26. The second portion 34 1s substantially an upper portion
when the outer container 22 18 oriented 1n 1ts upright position, generally including the top
end 28 of the outer container 22 and a portion of the wall 26. As described 1n greater
detail below, the lower and upper portions 32 and 34 are couplable to one another at a
joint or mterface 36 along the wall 26, and are securably attachable by a closure
system 38 (for example, including latches 120 and fasteners 122 shown in FIGURES 6
and 7, respectively) located along the outer perimeter of the wall 26 at the interface 36.

The lower and upper portions 32 and 34, when coupled together, define the mner
cavity 23, which 1s designed and configured to receive the mnner container 24. In that
regard, FIGURE 2 1s a top view of the outer container 22, showing the inner container 24
and 1nner cavity 23 1n phantom lines. Referring to FIGURE 2, two recesses or
keyways 40 1n the mner cavity 23 are shown. The recess or keyways 40 1n the inner
cavity 23 are designed to accommodate a closure system 42 on the inner container 24,

which 1s described 1n greater detail below. As best seen 1n FIGURE 3, when 1n use, the

-
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inner container 24 can be recerved within the mner cavity 23 of the lower portion 32 of
the outer container 22. The upper portion 34 of the outer container 22 1s placed on top of
the lower portion 32, such that the two portions 32 and 34 are coupled and 1n alignment at
their interface 36. As best seen in FIGURE 1, the outer container 22 1s then secured 1n
the closed position by its closure system 38.

As mentioned above, the outer container 22 1s designed to protect and insulate the
inner container 24. In that regard, the ends 28 and 30 and walls 26 of cach of the lower
and upper portions 32 and 34 of the outer container 22 are made up of a plurality of
materials, configured as layers 1n a sandwich lay-up, as best seen in FIGURE 3. In the
illustrated embodiment, cach of the lower and upper portions 32 and 34 have three layers:
an outer shell 50, an intermediate liner 52, and nner shell 54, each of which provide
individual protective and insulative properties that make up the properties of the outer
container 22 as a whole. It should be appreciated that the outer shell 50, the intermediate
liner 52, and the 1nner shell 54 may be of different lay-up configurations, for example, the
lower and upper portions 32 and 34 may have unique lay-up configurations. However,
cach layer will be described generally below for application in any of the outer
container 22 portions, ¢.g., either of the lower and upper portions 32 and 34. Moreover,
while 1n the illustrated embodiment, the outer contamner 22 1s shown as generally having
three layers, 1t should be appreciated that more than three layers are within the scope of
the present disclosure.

The outer shell 50 1s designed and configured to provide a rigid, protective,
external surface for the outer container 22, for example, to provide durability and prevent
degradation of the outer container 22 during use. In that regard, the outer shell 50 may be
configured from a weldable sheet metal, so as to provide ease of manufacturing by being
weldable.  As a non-limiting example, the outer shell 50 1s made from 18 gauge
galvanized carbon steel or stainless steel sheet metal; however, 1t should be appreciated
that other materials, whether metal or non-metal are also within the scope of the present
disclosure. It should further be appreciated that the outer shell 50 may include more than
on¢ layer of material, for example, at a particular location for additional strength or
reinforcement purposes. In the illustrated embodiment, the outer shell 50 has continuous
welded seams on the exterior side and stitch welding on the interior side of the lap joints
and for attaching structural angles 100, 104, and 108 (described 1n greater detail below
with reference to FIGURES 6-8).
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The 1intermediate liner 52 1s designed to provide both impact and thermal
protection for the material being contained within the inner container 24, and 1s suitably
configured as a light weight material compared to the outer and inner shells 50 and 54.
As such, the intermediate liner 52 may have certain density and compressive strength
properties, as well as flame retardant and intumescent properties. In one embodiment, the
intermediate liner 52 is formed from polyurethane foam, having a density of about 3 Ib/ft3
+/-15%. However, 1t should be appreciated that other light weight, energy-absorbing,
thermal-insulative materials having similar densities and compressive strength properties
arc also within the scope of the present disclosure.

The intermediate liner 52 may have suitable compressive strength, such that when
loaded parallel-to-rise 1n a compression strength test, under strains of about 10%, 40%,
and 70%, the intermediate liner 52 may have strain values of about +/-15% of 67, 56,
and 87 psi, respectively. In addition, when loaded perpendicular-to-rise in a compression
strength test, under strams of about 10%, 40%, and 70%, the intermediate liner 52 may
have strain values of about +/-15% of 41, 41, and 75 psi1, respectively. In one
embodiment, a foam intermediate liner 52 18 preferably installed such that the rise of the
foam 18 parallel with the axial direction. In another embodiment, a liquid foam can be
poured 1nto the cavity between the imnner and outer shells 54 and 50 and allowed to
expand therein, completely filling the void.

Regarding the flame retardant properties, the intermediate liner may have the
following flame extinguishment results when subjected to a 1500°F flame: fire
extinguishment of the sample 1n less than about 15 seconds; flame extinguishment of any
drips from the test sample 1 less than about 3 seconds; and an average burn length of the
sample of less than about 6 inches. In addition, the intermediate liner may have an
intumescence result of greater than about zero.

As a non-limiting example, the foam thickness of the lower portion 32 of the outer
container 22 may be 1n the range of about 3'2 inches to about 2% imnches. It should be
appreciated, however, that the foam thickness may be greater on the top and bottom
ends 28 and 30 of the outer container 22 for greater impact and thermal insulation
protection. In that regard, as a non-limiting example, the foam thickness of the top and
bottom ends 28 and 30 of the outer container 22 may be 1n the range of about 5% inches

to about 67 inches.
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The inner shell 54 1s designed and configured to provide fire resistance or
retardance, resistance to corrosion, resistance to abrasion, impact resistance, toughness,
and strength to the outer container 22, during both normal conditions of transport and
hypothetical accident conditions. In that regard, the inner shell 54 1s suitably designed to
prevent any penetration into the inner cavity of the outer container 22, for example, by
fire or by any materials from the outer shell 50 or intermediate liner 52 1if damage occurs
to the outer container 22 as a result of, for example, crushing, dropping, or puncturing the
assembly 20. A suitable inner shell 54 1s flame retardant such that when subjected to a
1500°F flame for 60 seconds, the flame extinguishment time does not exceed 30 seconds
and the extinguishment time of drips from the test sample do not exceed 10 seconds.

In one embodiment, the mner shell 54 includes a double bias glass fabric, for
cxample, fabric style DBMI1708, manufactured by OWENS CORNING®, which

combines a glass mat and equal amounts of continuous knitted biaxial glass fiber oriented

in the +45° and -45° directions 1nto a single fabric. In another embodiment of the present
disclosure, the mnner shell 54 comprises a plurality of layers 1n a lay-up design, including
at least one layer of aramid fabric, commonly known as KEVLAR® fabric, and at lcast
on¢ layer of chopped fiberglass. It should be appreciated that other layers may be
included 1n the lay-up design, including, but not limited to, double bias glass fabric
material, as well as multiple layers or aramid fabric, chopped fiberglass, and/or double
bias glass fabric material. Aramid fabric provides strength to the inner shell 54. Double
bias glass fabric provides improved tear resistance, penetration resistance, and strength to
the mner shell 54. Chopped fiberglass adds spacing between the stronger double bias
glass fabric and aramid layers to allow proper bonding between the layers of the lay-up
and create a combination high strength, minimum weight inner shell 54. It should further
be appreciated that fire retardant resins may also be added to the fabric, aramid, and
fiberglass layers.

In another embodiment, the mner shell 54 comprises a plurality of layers in a
lay-up design, including at least one layer of double bias glass fabric material and at least
on¢ layer of aramid fabric. In yet another embodiment, the inner shell 54 comprises a
plurality of layers in a lay-up design, including at least one layer of double bias glass
fabric material, at least one layer of aramid fabric, and at least one layer of chopped
fiberglass. It should be appreciated that the double bias glass fabric in the mnner shell 54

can be oriented such the fibers run 45° offset from an axis line running along the wall 26

7.
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from the top end 28 to the bottom end 30 of the outer container 22. In addition, 1t should
be appreciated that the aramid fabric may be oriented such that the fibers run at a
different angle than the double bias glass fabric. It should be further appreciated that the
inner shell 54 may further include an optional inner gel coat on the mnner surfaces of the
lay-ups at the top and bottom ends 28 and 30 as well as the wall 26 of the outer
container 22 for an added layer of protection to the inner surfaces of the mnner shell 54.

As a non-limiting example, referring to FIGURE 4, the inner shell 54 may include
at least seven layers 1n a lay-up order as follows from right to left: double bias glass
fabric 60, aramid fabric 62, chopped fiberglass 64, double bias glass fabric 60, aramid
fabric 62, chopped fiberglass 64, and double bias glass fabric 60. An optional gel coat 66
1s the cighth layer 1n the illustrated embodiment of FIGURE 4. Such a lay-up has a
thickness of about s inch. As another non-limiting example, referring to FIGURE 3, the
inner shell 54 includes at least ten layers 1n a lay-up order as follows from right to left:
double bias glass fabric 60, aramid fabric 62, chopped fiberglass 64, four layers of double
bias glass fabric 60, aramid fabric 62, chopped fiberglass 64, and double bias glass
fabric 60. An optional gel coat 66 1s the eleventh layer in the illustrated embodiment of
FIGURE 5. Such a lay-up has a thickness of about % inch. However, 1t should be
appreciated that any number of lay-up layers that meet the desired strength and weight
properties for the mner shell 54 are within the scope of the present disclosure. As best
secen 1n the illustrated embodiment of FIGURE 3, the inner shell 54 of the upper
portion 34 of the outer container 22 1s a thicker lay-up, for example, a ten layer lay-up in
the exemplary lay-up order described above, and the inner shell 54 of the lower
portion 32 of the outer container 22 1s a thinner lay-up, for example, a seven layer lay-up
in the exemplary lay-up order described above.

In addition to the layers, the inner shell 54 at that top and bottom ends 28 and 30
of the outer container 22 may include an optional stiffening member 56 (see FIGURE 3)
to stiffen the mner shell 54 and provide additional crush protection at the top and bottom
ends 28 and 30 of the outer container 22. It should be appreciated that the stiffening
member 56 may be sandwiched between lay-up layers to help the stiffening member 56
resist buckling and shattering under load or when subjected to dropping, crushing, or
puncture forces. In one embodiment, the stiffening member 56 1s a plywood sheet. It

should be appreciated, however, that other stiffening materials besides plywood are also
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within the scope of the present disclosure, including other wood, plastic, metal, and
honeycomb stiffening members.

As mentioned above, the outer container 22 includes a lower portion 32 and an
upper portion 34, which are couplable to one another at an interface 36. The interface 36
1s suitably designed to resist spillage or leakage of any contents from the assembly 20 and
also, 1n the case of a fire, to prevent any flames from entering the outer container 22 at the
interface 36. Referring to FIGURES 3 and 6-8, the interface 36 between the lower
portion 32 and the upper portion 34 1s a stepped joint 36. The stepped joint 36 makes 1t
difficult for the upper portion 34 to be removed or knocked from the lower portion 32, for
cxample, when the outer container 22 1s standing 1n 1ts upright position, but not secured
by 1ts closure system 38. In addition, the stepped joint 36 reduces the risk of flame
impingement mto the outer container 22 at the interface 36 by blocking the direct path for
a flame 1nto the outer container 22.

Briefly described, FIGURES 6-8 are partial, close-up, cross-sectional views of the
interface 36 between the lower and upper portions 32 and 34 of the outer container 22,
taken through three different longitudinal planes of the container. In that regard,
FIGURE 6 also shows a latch 120 1n cross section, FIGURE 7 shows a fastener 122 1n
cross section, and FIGURE 8 shows a recess 40 1n the upper portion 34 1n cross section,
all of which are described 1n greater detail below.

As best seen 1n FIGURES 6-8, in the stepped joint 36, the lower portion 32
includes a first rim portion 80 that 1s couplable with a corresponding second rim
portion 82 on the upper portion 34. The first rim portion 80 includes a lower annular
lip 84 and an upper annular lip 86, both of which are substantially horizontally oriented
when the outer container 22 1s in 1ts upright, standing position, as shown 1n FIGURES 1
and 3. The first rim portion 80 further includes a beveled portion 88, which extends
outwardly from the lower annular lip 84 to the upper annular lip 86.

The second rim portion 82 18 designed to correspondingly interface with the first
rim portion 80. In that regard, the second rim portion 82 also includes a lower annular
lip 94 and an upper annular lip 96, both of which are substantially horizontally oriented
when the outer container 22 1s 1n 1ts upright, standing position, as shown 1n FIGURES 1
and 3. The second rim portion 82 further includes a beveled portion 98, which extends

inwardly from the upper annular lip 96 to the lower annular lip 94.
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When the lower and upper portions 32 and 34 of the outer container 22 are joined
with one another at the interface 36, the beveled portions 88 and 98 of the respective first
and second rim portions 80 and 82 align with one another, such that the upper annular
l1p 96 of the second rim portion 82 and the upper annular lip 86 of the first rim portion 80
compress a scaling element, such as a gasket 110, as seen 1n the illustrated embodiment
of FIGURES 6-8. When aligned, the lower annular lip 94 of the second rim portion 82 18
in contact with the lower annular lip 84 of the first rim portion 80. Therefore, when the
outer container 22 1s 1n its upright, standing position, as shown in FIGURES 1 and 3, the
upper portion 34 of the outer container 22 18 supported by the lower portion 32 along the
interface 36.

Referring to FIGURES 6-8, the respective mnner shells 54 of the lower and upper
portions 32 and 34 of the outer container 22 may extend along the inner surfaces of the
lower and upper portions 32 and 34 to the first and second rim portions 80 and 82 to
provide additional impact resistance, toughness, and strength reinforcement at the
interface 36 between the lower and upper portions 32 and 34. In addition, the first and
second rim portions 80 and 82 may further include reinforcing structural angles 100 and
104 at the interface 36 to provide improved structural integrity at the joint.

The structural angles 100 and 104 add structural strength to the lower and upper
portions 32 and 34 of the outer container 22 by distributing loads placed on the outer
container 22. It should be appreciated that the structural angles 100 and 104 may include
a plurality of discreet L-shaped structural angles positioned, for example, at the locations
of the coupling devices, such as latches and fasteners 120 and 122 described below, or
may 1nclude continuous angles, for example, extending along the entirety of the perimeter
of the lower and upper portions 32 and 34 of the outer contamer 22.

As best seen 1n FIGURES 6-8, the first rim portion 80 includes an annular
structural angle 100 extending downwardly around the perimeter of the outer corner of
the first rim portion 80. In that regard, the structural angle 100 has a first, substantially
horizontal portion that 1s attached to the mnner surface of the iner shell 54 of the upper
annular lip 86 of the first rim portion 80 and a second, substantially vertical portion that 1s
attached to an inner surface of the outer shell 50 of the first rim portion 80. In the
illustrated embodiment, the first structural angle 100 1s secured to the first rim portion 80
at the upper annular lip 86 by rivet 102. However, 1t should be appreciated that the

structural angle 100 may be secured to the outer container 22 by any suitable attachment
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means, including but not limited to, one or more pins, screws, bolts, welding, adhesive, or
any other suitable fastening means.

Still referring to FIGURES 6-8, the second rim portion 82 also includes an
annular structural angle 104 extending downwardly around the perimeter of the outer
corner of the second rim portion 82. In that regard, the structural angle 104 has a first,
substantially horizontal portion that 1s attached to the 1nner surface of the inner shell 54 of
the upper annular lip 96 of the second rim portion 82 and a second, substantially vertical
portion that 1s attached to an iner surface of the outer shell 50 of the second rim
portion 82. In the 1llustrated embodiment, structural angle 104 extends from the second
rim portion 82 as an downwardly depending flange to provide a cover to both the
interface 36 and a portion of the first rim portion 80. Like the first structural angle 100,
the second structural angle 104 may be secured to the second rim portion 82 by any
suitable attachment means, including but not Iimited to, a rivet 102, as seen in the
illustrated embodiment, one or more pins, screws, bolts, welding, adhesive, or any other
suitable fastening means.

Now referring to FIGURE 6, the second rim portion 82 1ncludes a third type of
structural angle, a discreet L-shaped structural angle 108 to provide additional structure to
the outer container 22 at the attachment point of one of the plurality of latches 120 and
l1ft assemblics 124, as described 1n greater detail below. It should be appreciated that
individual structural angles 108 can be used at cach of the attachment points for each of
the plurality of latches 120. As seen in FIGURE 6, structural angle 108 extends upwardly
around the perimeter of the outer corner of the second rim portion 82. In that regard, the
structural angle 108 has a first, substantially horizontal portion that is attached to the
inner surface of the inner shell 54 of the upper annular Lip 96 of the second rmm
portion 82, interfacing with the substantially horizontal portion of structural angle 104.
The structural angle 108 further includes a second, substantially vertical portion that 1s
attached to an mner surface of the outer shell S0 of the second rim portion 82. Like the
other structural angles 100 and 104, the third structural angle 108 may also be secured to
the second rim portion 82 by any suitable attachment means, including but not limited to,
rivets 102, as seen 1n the illustrated embodiment, one or more pins, screws, bolts,
welding, adhesive, or any other suitable fastening means.

Returning to FIGURES 6-8, at the interface 36 between the lower and upper

portions 32 and 34 of the outer container 22, a gasket 110 1s positioned to scal the
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interface 36, for example, to resist spillage or leakage of material being carried by the
assembly 20 and to further reduce the risk of flame impingement into the outer
container 22 at the interface 36. In the illustrated embodiment, the gasket 110 1s
positioned between the upper annular lip 86 of the first rim portion 80 and the upper
annular lip 96 of the second rim portion 82. However, 1t should be appreciated that the
gasket may be positioned m other suitable locations, for example, between the lower
annular lips 84 and 94 or between the beveled portions 88 and 98 of the respective first
and second rim portions 80 and 82. While the gasket 110 1s suitably configured to resist
spillage or leakage of material being carried by the assembly 20, the gasket 110 can be
configured to allow gases to pass from the inner cavity 23 of the inner container 22 to the
exterior environment and prevent over-pressurization of the inner cavity 23.  For
additional venting purposes, the outer contamner 22 may include a plurality of vents 116
on the outer surface of the outer container 22 to release any gases generated by the
intermediate liner 52, for example, generated by a polyurethane foam.

The gasket 110 1s preferably a high temperature ceramic gasket, as a non-limiting
example, heat resistant up to 2100°F. In one embodiment, the ceramic gasket 18 made
from alumina silicate fibers formed into a yarn, which are then braided and formed into
Ya1inch square braided ceramic rope encased within a 1-inch diameter braided ceramic
sleeve. In one embodiment, the ceramic gasket has a silicone coating, such as a room
temperature vulcanizing (RTV) silicone coating, to prevent fraying of the ceramic gasket.
The silicone coating 1s designed so that no fibers from the ceramic gasket can enter the
outer container 22 or the inner container 24 and contaminate the uranium oxide powder.
As described 1n greater detail below, a similar gasket can also be used to seal the closure
system 42 of the inner container 24.

Returning to FIGURE 1, the lower and upper portions 32 and 34 of the outer
container 22, once coupled to one another, are securable 1n a closed configuration by a
closure system 38 located along the outer perimeter of the outer container 22 at the
interface 36 between the lower and upper portions 32 and 34. In that regard, the closure
system 38 1ncludes a plurality of latches 120 and fasteners 122, as seen in the close-up
views of FIGURES 6 and 7. In the illustrated embodiment, the closure system 38
includes four heavy duty latches 120 and eight fasteners 122; however, 1t should be
appreciated that more or less latches 120 and fasteners 122 are within the scope of the

present disclosure.
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As best seen 1n FIGURES 1 and 6, the latches 120 secure the lower and upper
portions 32 and 34 of the outer contamer 22 to one another. In one embodiment of the
present disclosure, the latches 120 are high capacity, over-center locking latch devices,
such as latches have a breaking strength of 4400 lbs, for example, latch 41-1292WB
manufactured by Protex Fasteners Ltd. As a non-limiting example, the latches 120 and
their respective catch plates may be made of steel, such as stainless steel, and may have a
zinc finish. It should be appreciated that the latches 120 may include a safety catch
preventing the accidental release of the latch, for example, by being locked by a secaling
pin or tamper-indicating wire secured 1n the latch handles. It should further be
appreciated that the latches may also be adjustable to provide alignment adjustment when
the lower and upper portions 32 and 34 of the outer container 22 are coupled to one
another. As described above, structural angles 108 or other structural components can
provide structural attachment points for at lecast a portion of the latch 120. The
latches 120 and/or any structural angles 108 proving structural support for latch
attachment may be secured to the outer container 22 by any suitable attachment means,
including but not limited to, one or more rivets, pins, screws, bolts, welding, adhesive, or
any other suitable fastening means.

In addition to the plurality of latches 120, the closure system 38 further includes a
plurality of fasteners 122, including, but not limited to, screws and nuts 130 and 132,
located around the exterior perimeter of the interface 36 between the lower and upper
portions 32 and 34 of the outer container 22, as best seen in FIGURES 1 and 7. In the
illustrated embodiment, the screws 130 enter through the outer shell 50, reinforced by
structural angle 104, of the downwardly depending flange of the upper portion 34. The
screws 130 engage with nuts 132 embedded 1n the intermediate liner 52 of the lower
portion 32 of the outer container 22, also reinforced by a structural angle 100. In another
embodiment, in place of nut 132, a helicoil insert and tapped bar may be used to received
screws 130. These fasteners 122 provide added securement points for maintaining the
integrity of the connection between the lower and upper portions 32 and 34 of the outer
container 22, thus decrcasing the chance that the outer container 22 will open upon
impact, for example, 1f the assembly 20 1s crushed or dropped. It should be appreciated
that the screws 130 may be designed to be cold temperature fracture resistant to further
prevent failure upon 1mpact, for example, 1f the assembly 20 1s crushed or dropped in

cold temperatures.
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It should be appreciated that the plurality of latches 120 and fasteners 122 are
suitably alternatingly oriented such that adjacent assemblies 22, when positioned along
side one¢ another for storage, can be closely packed next to one another without
latches 120 of adjacent assemblies 20 aligning to interfere with one another resulting 1n a
puncture or preventing close packing next to one another.

Returning to FIGURE 1, the assembly 20 also includes a plurality of hft
assemblics 124 suitably located along the outer surface of the outer container 22. The Iift
assemblics 124 suitably include a structural tee with a hole to attach a shackle. As 1s well
known 1n the art, such lift assemblics 124 can be used to lift and transport the
assembly 20 when the assembly 1s 1n its upright orientation, as shown in FIGURES 1
and 3. The lift assemblies 124 and/or any structural angles 108 providing structural
support for lift assembly attachment may be secured to the outer container 22 by any
suitable attachment means, including but not limited to, one or more rivets, pins, screws,
bolts, welding, adhesive, or any other suitable fastening means.

Referring now to FIGURES 1 and 9, a forklift assembly 140 1s suitably provided
on the bottom end or base 30 of the outer contamer 22. In the 1llustrated embodiment, the
forklift assembly 140 includes a plurality of pockets 142 designed and configured to
recerve forklift forks. As best seen in FIGURE 9, the pockets 142 can be oriented such
that the latches 120 and lift assemblies 124 on the outer container 22 are at a 45 degree
angle relative to the pockets 142 to facilitate close stacking of adjacent assemblies 20 and
prevent possible punctures to adjacent assemblies. The forklift assembly 140 also
provides additional structural support to the outer container 22 for damage resistance
when the assembly 20 1s either crushed or dropped. In that regard, the forklift
assembly 140 1s designed to be crush absorbing. For example, in one embodiment, the
forklift pockets 142 are configured from folded 12 gauge galvanized carbon steel or
stainless steel sheet, with bracing from 14 gauge galvanized carbon steel or stainless
steel sheet. The forklift assembly 140 1s thercfore configured to collapse when the
assembly 20 1s crushed or dropped to absorb the impact of the crush or drop forces.

Returning to FIGURE 3, the inner container 24 of the assembly will now be
described 1 greater detail. The mnner container 24 is designed and configured to support
and contain radioactive material. In that regard, the inner container 24 includes a body
portion 150, a bottom portion 152, and a lid 154. In one embodiment, the inner

container 24 1s a 55-gallon rolled steel cylindrical drum having a single welded seam, a
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closed bottom end, and an open top end, closeable by a lid. However, it should be
appreciated that the inner container may be any suitable design or configuration so as to be
cooperatively received within the inner cavity 23 of the outer container 22. The inner
container 24 may be made from any suitable materials to provide strength and resist leakage
or spillage of the contained material into the inner cavity 23, of the outer container 22.
While it should be appreciated that other materials are within the scope of the present
disclosure, in one embodiment, the inner container 24 is made from 16 gauge carbon steel,
stainless steel, or an equivalent material. In yet another embodiment, the inner container 24
has 7A Type A and UN specification ratings.

The lid 154 of the inner container 24 is designed to be received at an upper rim
156 of the body portion 150 of the inner container 24. The lid 154 is designed to be
removable to receive or remove the contained material. When closed, the 1id 154 includes a
reinforced closure system 42 to ensure containment of the radioactive material, particularly
when the assembly 20 1s subjected to normal conditions of transport and hypothetical
accident conditions, for example, immersion in water. In the illustrated embodiment, the
closure system 42 includes a reinforced closure ring 158 having a flange 160 that is
attachable to the upper rim 156 and body portion 150 of the inner container 24, for example,
a clamshell closure as described in U.S. patent publication 2005/0269331 published on
December 8, 2005. The clamshell closure is generally a modified two-piece C-ring including
a two-bolt closure system.

The clamshell closure system 42 may further include a gasket (not shown)
between the lid 154 and the upper rim 156 of the inner container 22 to seal the closure, for

example, to resist spillage or leakage of material being carried by the inner container 24 and

to further reduce the risk of flame impingement into the inner container 24 at the lid 154. It
should be appreciated that the gasket may be a ceramic gasket, for example, similar to
ceramic gasket 110 describe above, and may have an optional silicone coating.

As mentioned above, and as best seen in Figure 2 showing the top view of the
assembly 20, the upper portion 34 of the outer container 22 includes recesses or keyways 40
in the inner cavity 23 designed to accommodate the bolts of the two-bolt closure system 42

on the inner container 24, for example, the two-bolt closure system used to secure the

clamshell closure described above.
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While 1llustrative embodiments have been 1illustrated and described, 1t will be
appreciated that various changes can be made therein without departing from the spirit

and scope of the disclosure.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A transportation assembly for transporting radioactive material, comprising:

(a) an outer container having first and second ends, wherein the outer container
defines an inner cavity, the outer container having an inner shell, wherein at least a portion of
the mner shell comprises a plurality of layers including at least one layer of chopped
fiberglass mat, at least one layer of aramid fabric, and at least one layer of a double bias glass
fabric, the inner shell further including at least one stiffening member disposed at either of
the first and second ends of the outer container, wherein the stiffening member is
substantially transverse to a longitudinal axis extending from the first end to the second end:

and

(b)  an inner container disposed within the inner cavity of the outer container.

2. The assembly of Claim 1, wherein the assembly is designed and configured

to transport fissile material.

3. The assembly of Claim 1, wherein the outer container further includes an
outer shell.
4. The assembly of Claim 3, wherein the outer container further includes an

intermediate liner disposed between the inner shell and the outer shell.

5. The assembly of Claim 3, wherein the outer shell is galvanized carbon steel

or stainless steel.

6. The assembly of Claim 4, wherein the intermediate liner is polyurethane

foam.

7. The assembly of Claim 1, wherein at least a portion of the inner shell

includes at least seven layers, including double bias glass fabric, chopped fiberglass, aramid
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fabric, double bias glass fabric, chopped fiberglass, aramid fabric, and double bias glass

fabric.

8. The assembly of Claam 1, wherein at least a portion of the inner shell
Includes at least ten layers, including double bias glass fabric, chopped fiberglass, aramid
fabric, four layers of double bias glass fabric, chopped fiberglass, aramid fabric, and double

bias glass fabric.

9. The assembly of Claim 1, wherein the inner container has a body and a lid,

and wherein the inner container includes a clamshell closure system to secure the 1lid to the
body.

10. The assembly of Claim 9, wherein the outer container includes at least one

recessed area 1n the inner cavity to receive the clamshell closure system.

11. The assembly of Claim 1, wherein the inner container has a body and a lid,

and wherein the mner container includes a ceramic gasket disposed between the body and the
lid.

12. The assembly of Claim 1, wherein the outer container includes first and

second portions couplable to one another at an interface and a ceramic gasket disposed at the

interface.

13. The assembly of Claim 12, wherein the ceramic gasket is a silicone-coated

ceramic gasket.

14. The assembly of Claim 12, wherein the first and second portions, when
coupled to one another at the interface, are securable to one another by a plurality of latches

and a plurality of fasteners.

135. The assembly of Claim 1, wherein the outer container includes at least one

forklift pocket for transportation of the assembly by a forklift.
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16. An outer container to provide pfotection for an inner container for
transporting radioactive material, the outer container comprising first and second portions
defining an inner cavity, the first and second portions both having an inner shell, wherein at
least a portion of the inner shell comprises a plurality of layers including at least one layer of
chopped fiberglass mat, at least one layer of aramid fabric, and at least one layer of a double
bias glass fabric, wherein the inner shell further includes at least one stiffening member
disposed 1n either of the first and second portions of the outer container, the stiffening
member being oriented 1n a plane substantially transverse to a longitudinal axis extending

through the outer container.

17. The outer container of Claim 16, wherein the outer container 1s designed and

configured to provide protection for the inner container for transporting radioactive material

including fissile material.

18. The outer container of Claim 16, further comprising an outer shell and an

intermediate liner disposed between the inner shell and the outer shell.

19. The outer container of Claim 18, wherein the outer shell 1s galvanized carbon

steel or stainless steel.

20. The outer container of Claim 18, wherein the intermediate liner is

polyurethane foam.

21. The outer container of Claim 16, wherein at least a portion of the inner shell

Includes at least seven layers, including double bias glass fabric, chopped ﬁbérglass, aramid

fabric, double bias glass fabric, chopped fiberglass, aramid fabric, and double bias glass

fabric.

22. The outer container of Claim 16, wherein at least a portion of the inner shell
includes at least ten layers, including double bias glass fabric, chopped fiberglass, aramid

fabric, four layers of double bias glass fabric, chopped fiberglass, aramid fabric, and double

bias glass fabric.
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23. The outer container of Claim 16, further comprising at least one recessed area

in the inner cavity to accommodate an inner container closure system.

24, The outer container of Claim 16, wherein the outer container includes first
and second portions couplable to one another at an interface and a ceramic gasket disposed at

the interface.

25. The outer container of Claim 24, wherein the ceramic gasket is a silicone-

coated ceramic gasket.

26. The outer container of Claim 16, wherein the first and second portions, when
coupled to one another at the interface, are securable to one another by a plurality of latches

and a plurality of fasteners.

27. The outer container of Claim 16, further comprising at least one forklift

pocket for transportation of the assembly by a forklift.

28. A method of transporting radioactive material, comprising:

(a) placing an inner container into an outer container, wherein the inner container
contains the radioactive material, and the outer container includes first and second portions
defining an inner cavity, the first and second portions both having an inner shell, wherein at
least a portion of the inner shell comprises a plurality of layers including at least one layer of
chopped fiberglass mat and, at least one layer of aramid fabric, and at least‘one layer of a
double bias glass fabric, wherein the inner shell further includes at least one stiffening
member disposed in either of the first and second portions of the outer container, the
stiffening member being oriented in a plane substantially transverse to a longitudinal axis
extending through the outer container; and

(b) securing the first and second portions of the outer container using an outer
contamer closure system, wherein the outer container closure system includes a plurality of

latches and a plurality of fasteners.
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29. The method of Claim 28, wherein the radioactive material includes fissile
material.
30. The method of Claim 28, wherein the outer container further includes an

outer shell and an intermediate liner disposed between the inner shell and the outer shell.

31. The method of Claim 28, wherein at least a portion of the inner shell includes
at least seven layers, including double bias glass fabric, chopped fiberglass, aramid fabric,

double bias glass fabric, chopped fiberglass, aramid fabric, and double bias glass fabric.

32. The method of Claim 28, wherein at least a portion of the inner shell includes
at least ten layers, including double bias glass fabric, chopped fiberglass, aramid fabric, four

layers of double bias glass fabric, chopped fiberglass, aramid fabric, and double bias glass

fabric.
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