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1
APPARATUS FOR SUPPORTING
RADIOACTIVE FUEL ASSEMBLIES AND
METHODS OF MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

The present application claims the benefit of U.S. Provi-
sional Patent Application Ser. No. 60/983,566, filed Oct. 29,
2007 and U.S. Provisional Patent Application Ser. No.
61/038,525, filed Mar. 21, 2008, the entireties of which are
hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates generally to apparatus and
methods for supporting high level radioactive waste and spe-
cifically to apparatus and methods for supporting radioactive
fuel assemblies. The subject inventions can be implemented
into a wide variety of structures for transferring, supporting
and/or storing spent nuclear fuel assemblies, including with-
out limitation underwater fuel racks and fuel baskets incor-
porated into either canisters or casks.

BACKGROUND OF THE INVENTION

In the nuclear power industry, the nuclear energy source is
in the form of hollow zircaloy tubes filled with enriched
uranium, known as fuel assemblies. Upon being deleted to a
certain level spent fuel assemblies are removed from a reac-
tor. At this time, the fuel assemblies not only emit extremely
dangerous levels of neutrons and gamma photons (i.e., neu-
tron and gamma radiation) but also produce considerable
amounts of heat that must be dissipated.

It is necessary that the neutron and gamma radiation emit-
ted from the spent fuel assemblies be adequately contained at
all times upon being removed from the reactor. It is also
necessary that the spent fuel assemblies be cooled. Because
water is an excellent radiation absorber, spent fuel assemblies
are typically submerged under water in a pool promptly after
being removed from the reactor. The pool water also serves to
cool the spent fuel assemblies by drawing the heat load away
from the fuel assemblies. The water may also contain a dis-
solved neutron shielding substance.

The submerged fuel assemblies are typically, supported in
the fuel pools in a generally upright orientation in rack struc-
tures, commonly referred to as fuel racks. It is well known
that neutronic interaction between fuel assemblies increases
when the distance between the fuel assemblies is reduced.
Thus, in order to avoid criticality (or the danger thereof) that
can result from the mutual inter-reaction of adjacent fuel
assemblies in the racks, it is necessary that the fuel racks
support the fuel assemblies in a spaced manner that allows
sufficient neutron absorbing material to exist between adja-
cent fuel assemblies. The neutron absorbing material can be
the pool water, a structure containing a neutron absorbing
material, or combinations thereof.

Fuel racks for high density storage of fuel assemblies are
commonly of cellular construction with neutron absorbing
plate structures (i.e., shields) placed between the cells in the
form of solid sheets. The cells are usually long vertical square
tubes which are open at the top through which the fuel ele-
ments are inserted. The cells are sometimes with double walls
that encapsulate the neutron shield sheets to protect the neu-
tron shield from corrosion or other deterioration resulting
from contact with water.
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Each fuel assembly is placed in a separate cell so that the
fuel assemblies are shielded from one another. An example of
a typical existing fuel rack, is described in U.S. Pat. No.
4,382,060, to Maurice Holtz et al., issued May 3, 1983, the
entirety of which is hereby incorporated by, reference. The
Holtz rack is comprised of structural elements including ele-
ments which are hollow and cruciform in section. Each leg of
the cruciform structural element includes a neutron shield
therein. The free end of the legs or the cruciform structural
element converge so as to have an included angle of approxi-
mately 90 degrees. The rack is comprised of such cruciform
elements as well as cooperating elements which are generally
T and L shaped in section.

In certain regions of the world, the fuel assemblies used in
the nuclear reactors do not have a rectangular horizontal
cross-section. Instead, the fuel assemblies have a horizontal
cross-section that is generally hexagonal. In such instances,
existing racks having cells with rectangular horizontal cross-
sections are less than optimal.

Even after removal from the pool, the fuel assemblies still
emit extremely dangerous neutrons (i.e., neutron radiation)
and gamma photons (i.e., gamma radiation) and it is thus still
imperative that these neutrons and gamma photons be con-
tained at all times during transfer and storage. It also impera-
tive that the residual heat emanating from the fuel assemblies
be lead away and escape from the fuel assemblies. Thus,
containers used to transfer and/or store fuel assemblies must
not only safely enclose and absorb the radioactivity of the fuel
assemblies, they must also allow for adequate cooling. In the
art, there are two type of container systems used to transport
and/or store fuel assemblies, canister-based systems and
cask-based systems.

Generally speaking, there are two types of casks used for
the transportation and/or storage of SNF, ventilated vertical
overpacks (“VV0s”) and thermally conductive casks. VVOs
typically utilized in conjunction with a sealable canister that
is loaded with the fuel assemblies and positioned within a
cavity of the VVO. Such canisters, which are often multi-
purpose canisters, often contain a fuel basket for receiving the
fuel assemblies. An example of a canister and basket assem-
bly designed for use with a VVO is disclosed in U.S. Pat. No.
5,898,747 (Singh), issued Apr. 27, 1999, the entirety of which
ishereby incorporated by reference. The second type of casks
are thermally conductive casks. In a typical thermally; con-
ductive cask, the fuel assemblies are loaded directly into a
cavity formed by the cask body. A basket assembly is typi-
cally provided within the cavity itself to provide support for
the fuel assemblies.

The fuel basket generally acts in conjunction with the cask
to support the fuel in a particular pattern, minimize load
transfer to the fuel, transfer heat to the cask and control
criticality.

SUMMARY OF THE INVENTION

Itis an object of the present invention to provide a fuel rack
that can safely accommodate fuel assemblies.

Yet another object of the present invention is to provide a
fuel rack having a horizontal cross-section that is non-rect-
angular in shape, such as hexagonal.

Still another object of the present invention is to provide a
fuel rack that is cost effective to manufacture.

A further object of the present invention is to provide a fuel
rack that can withstand high inertia loads acting in concert
with hydraulic loads from moving water.
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A yet further object of the present invention is to provide a
fuel rack that allows natural thermosiphon flow of the pool
water through the cells.

A still further object of the present invention is to provide
a fuel rack that eliminates the need for neutron absorber
plates.

It is a further object of the present invention to provide a
fuel rack constructed of slotted plates.

Another object of the present invention is to provide a fuel
rack that is compact and maximizes the storage space of a fuel
pool.

A yet further object of the present invention is to provide a
fuel rack that resists water corrosion.

Still another object of the present invention is to provide a
fuel rack that maintains structural stability under radiation
exposure.

Another object of the present invention is to provide a fuel
rack that provides flux traps.

It is an object of the present invention to provide a fuel
basket that provides higher structural integrity.

It is a further object of the present invention to provide a
fuel basket that has fuel cells which correspond to the shape of
the fuel assembly to be stored therein.

A yet further object of the present invention is to provide a
fuel basket that maximizes the packing density of the spent
nuclear fuel while maintaining a reactivity of 0.95 or less.

A yet further object of the present invention is to provide a
fuel basket that is easy to manufacture and lightweight.

These and other objects are met by the present invention
which, in one aspect can be a fuel rack having an array of cells
for holding fuel assemblies comprising: a base plate having a
top surface; a plurality of tubes, each tube having an inner
surface that forms one of the cells; and the tubes connected to
the top surface of the base plate in a substantially vertical
orientation and in a pattern so that one or more of the cells are
formed by outside surfaces of the adjacent tubes.

In another aspect, the invention can be a fuel rack for
supporting fuel assemblies comprising: a plurality ofhexago-
nal tubes having an internal cavity; a base plate having a top
surface; the hexagonal tubes connected to the top surface of
the base plate in a substantially vertical orientation and
spaced from one another so that a flux trap space exists
between all adjacent hexagonal tubes; and a plurality of spac-
ers positioned in the flux trap spaces for maintaining the
existence of, the flux trap spaces, the spacers connected to the
hexagonal tubes.

In yet another aspect, the invention can be a fuel rack
having an array of cells for holding fuel assemblies compris-
ing a plurality of slotted plates that are slidably interlocked
with one another to form the array of cells.

In another aspect, the invention can be a fuel basket having
a honeycomb-like grid that forms a plurality of substantially
vertically oriented elongated cells. Most preferably, the bas-
ket assembly comprises one or more flux traps and is posi-
tioned within the cavity. The basket assembly can be con-
structed of a metal matrix composite material. In one
embodiment, the basket assembly may utilize variable flux
traps to maximize packing density. In such an embodiment, as
the periphery of the basket assembly is approached, the width
of the flux traps may decrease. In another embodiment, the
basket assembly may utilize tubular elements of varying
heights in a vertically staggered formation so that no two
adjacent cells have interfaces which are vertically aligned.

In a further aspect, the invention can be an apparatus for
supporting radioactive fuel assemblies comprising a grid of
cells for housing radioactive fuel assemblies, the grid formed
by a plurality of hexagonal tubes having an outer surface and
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an inner surface that forms one of the cells, the plurality of
hexagonal tubes arranged in an adjacent manner and in a
pattern so that one or more of the cells is a resultant cell
formed by the outside surfaces of surrounding hexagonal
tubes,

Inayet further aspect, the invention can be an apparatus for
supporting radioactive fuel assemblies comprising: a grid of
cells for housing radioactive filel assemblies, the grid formed
by a plurality of tubes having inner surfaces that form the
cells, the tubes arranged in an axially aligned and adjacent
manner; each of the tubes formed by a plurality of tbular
segments stacked in axial alignment, an interface formed
between the adjacent tubular segments of each tube; and
wherein the lengths of the tubular segments and the pattern in
which the tubes are arranged to form the grid is such that none
of the interfaces of adjacent tubes are aligned with one
another.

In a still further aspect, the invention can be an apparatus
for supporting radioactive fuel assemblies comprising: a bot-
tom section comprising a plurality of bottom tubular seg-
ments of varying length, the bottom tubular segments
arranged in an axially adjacent manner and in a pattern so that
no two adjacent bottom tubular segments are the same length,
the bottom edges of the bottom tubular segments being
aligned,; at least one middle section comprising a plurality of
middle tubular segments of equal length, the middle section
stacked atop the bottom section so that the middle tubular
segments are axially aligned with the bottom tubular seg-
ments and the bottom edges of the middle tubular segments
abut the top edges of the bottom tubular segments; and a top
section comprising a plurality of top tubular segments of
varying length, the top section stacked atop the middle sec-
tion so that the top tubular segments are axially aligned with
the middle tubular segments, the bottom edges of the top
tubular segments abut the top edges of the bottom tubular
segments, and the top edges of the top tubular segments are
aligned.

In even another aspect, the invention can be a fuel rack
having a grid of cells for holding fuel assemblies comprising:
a base plate having a top surface; a plurality of hexagonal
tubes, each hexagonal tube having inner surfaces that forms
one of'the cells; and the hexagonal tubes connected to the top
surface of the base plate in a substantially vertical orientation
and in a pattern so that one or more of the cells are formed by
outside surfaces or the adjacent hexagonal tubes.

In fret another aspect, the invention can be a fuel rack
having a grid of cells for holding fuel assemblies comprising:
a base plate having a top surface; a plurality of tubes, each
tube having an inner surface that forms one of the cells; and
the tubes connected to the top surface of the base plate in a
substantially vertical orientation and in a pattern so that one or
more of the cells are formed by outside surfaces of the adja-
cent tubes.

In still another aspect, the invention can be a fuel rack for
supporting fuel assemblies comprising: a plurality of hexago-
nal tubes having an internal cavity; a base plate having a top
surface; the hexagonal tubes connected to the top surface of
the base plate in a substantially vertical orientation and
spaced from one another so that a flux trap space exists
between all adjacent hexagonal tubes; and a plurality of spac-
ers positioned in the flux trap spaces for maintaining the
existence of the flux trap spaces, the spacers connected to the
hexagonal tubes.

In another aspect, the invention can be a fuel rack for
supporting fuel assemblies comprising: a plurality of tubes
having an internal cavity; a base plate having a top surface;
the tubes connected to the top surface of the base plate in a
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substantially vertical orientation and spaced from one another
so that a flux trap space exists between all adjacent tubes; and
a plurality of spacers positioned in the flux trap spaces for
maintaining the existence of the flux trap spaces, the spacers
connected to the tubes.

In a still further aspect, the invention can be a fuel rack
having perimeter cells and non-perimeter cells for supporting
fuel assemblies comprising: a base plate having a top surface;
a plurality of hexagonal tubes, each hexagonal tube having
inner surfaces that form one of the perimeter cells or the
non-perimeter cells; and the hexagonal tubes connected to the
top surface of the base plate in a substantially vertical orien-
tation and in a pattern so that even third non-perimeter cell is
formed by outside surfaces of six surrounding hexagonal
tubes.

In yet another aspect, the invention can be a fuel basket for
supporting radioactive fuel assemblies comprising: a plural-
ity of tubes having an internal cavity for receiving a radioac-
tive fuel assembly; the tubes arranged in a substantially ver-
tical orientation and spaced from one another so that a flux
trap space exists between all adjacent tubes, the tubes forming
astorage grid having a central axis and a perimeter; a plurality
of spacers positioned in the flux trap spaces for maintaining
the existence of the flux trap spaces; and wherein the width of
the flux trap space between adjacent tubes decreases with
distance from the central axis of the storage grid.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a top perspective view of a fuel rack according to
one embodiment of the invention.

FIG. 2 is a close up view of a top portion of the fuel rack of
FIG. 1.

FIG. 3 is a top view of the fuel rack of FIG. 1.

FIG. 4 is a bottom perspective view of the fuel rack of FIG.
1.

FIG. 5 is a close-up view of a bottom corner of the fuel rack
of FIG. 1.

FIG. 6A is a top perspective view of an adjustable height
pedestal removed from the fuel rack of FIG. 1.

FIG. 6B is a bottom perspective view of the adjustable
height pedestal of FIG. 6A.

FIG. 7 is a top perspective view of a fuel rack according to
a second embodiment of the invention that includes flux traps.

FIG. 8 is a close up view of a top portion of the fuel rack of
FIG. 7.

FIG. 9 is a top view of the fuel rack of FIG. 7.

FIG. 10 is a top perspective view of a fuel rack according to
one embodiment of the invention that is constructed of a
slotted plates.

FIG. 11A is a perspective view of first slotted plate used in
the construction of the fuel rack of FIG. 10.

FIG. 11B is a perspective view of a second slotted plate
used in the construction of the fuel rack of FIG. 10.

FIG. 11C is a perspective view of a third slotted plate used
in the construction of the fuel rack of FIG. 10.

FI1G. 12 is a perspective view of a vertical section of slotted
plates of the fuel rack of FIG. 10.

FIG. 13 is a top perspective view of a storage grid portion
of a fuel basket according to an embodiment of the present
invention.

FIG. 14 is a top view of the area II-11 of FIG. 13 illustrating
a resultant cell according to one embodiment of the present
invention.

FIG. 15 is a perspective view of the bottom vertical seg-
ments of the storage tubes of the fuel basket of FIG. 13
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arranged in the desired pattern so that interfaces between
segments of adjacent storage tubes are not vertically aligned.

FIG. 16 is a top view of a fuel basket according to one
embodiment of the present invention, comprising the storage
grid portion of FIG. 13 and perimeter support tubes.

FIG. 17 is a perspective view of the supports tubes accord-
ing to one embodiment of the present invention.

FIG. 18 is a perspective view of the fuel basket of FIG. 16.

FIG. 19 is a perspective view of a fuel basket assembly
according to a second embodiment of the present invention.

FIG. 20 is a perspective vice % of a storage tube of the fuel
basket of FIG. 19.

FIG. 21 is a perspective view of the bottom vertical seg-
ment of the storage grid portion of the fuel basket of FIG. 19.

FIG. 22 is a bottom perspective view of the storage grid
portion of the fuel basket of FIG. 19.

FIG. 23 is a top perspective view of the storage grid portion
of the fuel basket of FIG. 19.

FIG. 24 is a top view of the fuel basket of FIG. 19.

DETAILED DESCRIPTION OF THE DRAWINGS

The present invention will now be described in relation to
exemplary embodiments. It is to be understood that while
certain details and structural arrangements are explained in
detail with respect to a certain embodiment, the details and
structural arrangements can be implemented into any of the
embodiments.

1. Flux Trap Fuel Rack Embodiment

Referring to FIG. 1, a perspective view of a fuel rack 100
according to one embodiment of the present invention is
disclosed. The fuel rack 100 is a cellular, upright prismatic
module. The illustrated embodiment of the fuel rack 100 is
specifically designed to accommodate hexagonal fuel assem-
blies, such as VVER 1000 fuel assemblies. To this extent,
each cell 101 of the fuel rack 100 is also generally hexagonal
in shape (i.e., have ahexagonal horizontal cross-section) so as
to geometrically, accommodate a single hexagonal fuel
assembly. However, it is to be understood that the concepts of
the present invention can be modified to accommodate any
shaped fuel assembly, including rectangular, octagonal,
round, etc,

In describing the fuel rack 100 and its component parts
below, relative terms such as top, bottom, above, below, hori-
zontal, vertical upper and lower will be used in relation to the
fuel rack 100 being in the illustrated substantially vertical
orientation of FIG. 1. Additionally, in order to avoid clutter in
the drawings, only a few of each component are numbered
with the understanding that the reader will be able to identify
duplicate elements.

The fuel rack 100 generally comprises a base plate 110, a
plurality of hexagonal tubes 120, and a plurality of spacing
rods 130 (best visible in FIG. 2). The hexagonal tubes 120 are
connected to the top surface 111 of the base plate 110 in a
substantially vertical orientation. In this embodiment, the
axis of each hexagonal tube 120 is not only substantially
vertical but also substantially perpendicular to the top surface
111 of the base plate 110. The connection between the hex-
agonal tubes 120 and the base plate 110 is achieved by weld-
ing the bottom edge of the hexagonal tubes 120 to the top
surface of the base plate 110. Of course, other connection
techniques can be utilized with minor modification, including
mechanical connections such as bolting, clamping, threading,
etc.

The top ends of the hexagonal tubes 120 remain open so
that a fuel assembly can be slid into the internal cavity 101
(also referred to as a cell) formed by the inner surfaces of the
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hexagonal tubes 120. Each hexagonal tube 120 can be a
single-part tube that extends the entire desired height H, or
can be constructed of multiple partial height tubes that
together add up to the desired height H, . [t is preferred that the
height H, be sufficient so that the entire height of the fuel
assembly is within the hexagonal tube 120

The hexagonal tubes 120 are connected to the rectangular
base plate 110 in an adjacent and spaced pattern to form a
honeycomb-like grid of the cells 101. The cells 101 are sub-
stantially vertical elongated cavities for receiving the radio-
active fuel assemblies via their open top ends. While a gen-
erally rectangular gridwork of cells 101 is illustrated, the fuel
rack 100 can be designed to take on any desired shape. The
geometric arrangement of the hexagonal tubes 120 will be
discussed in greater detail below with respect to FIGS. 2-3.

The hexagonal tubes 120 preferably constructed of a
metal-matrix composite material, and more preferably a dis-
continuously reinforced aluminum/boron carbide metal
matrix composite material, and most preferably a boron
impregnated aluminum. One such suitable material is sold
under the tradename Metamic™. The hexagonal tubes 120
perform the dual function of reactivity control as well as
structural support. The base plate 110 is preferably, con-
structed of a metal that is metallurgically compatible with the
material of which the hexagonal tubes 120 are constructed for
welding.

Referring now to FIGS. 2-3 concurrently, each hexagonal
tube 120 is arranged so as to be spaced from all adjacent
hexagonal tubes 120 so that a gap 140 exists between each
hexagonal tube 120 and its immediately adjacent hexagonal
tubes 120. The gap 140 acts a neutron flux trap that decreases
and/or eliminates the danger of criticality. The flux trap space
140 can be designed to be any desired width and the exact
width will depend on the radiation levels of the fuel assem-
blies to be stored, the material of construction of the tubes
120, and properties of the pool water in which the fuel rack
100 will be submerged. In one embodiment, the flux trap
spaces 140 will have a width between 30 and 50 millimeters
and more preferably between 25 to 35 millimeters and most
preferably about 38 millimeters.

Spacers, which are in the form of spacing rods 130 in the
illustrated embodiment, are inserted into the flux trap spaces
140 so as to maintain the existence of the flux trap spaces 140
at the desired width and to provide added structural stability.
While the spacers are illustrated as elongated rods 130 that
extend the entire height H; of the hexagonal tubes 120, the
spacers are not so limited and can take on a wide variety of
shapes and sizes. For example, the spacers could be merely
blocks or pins if desired in some embodiments.

A spacing rod 130 is positioned at the juncture between the
edges of three adjacent hexagonal tubes 120. Thus, each
spacing rod 130 (with the exception of those spacing rods 130
along the perimeter) contacts three hexagonal tubes 120. For
added integrity and ease of construction, the spacing rods 130
have three axial grooves along their length that act as nesting
volumes for receiving the edge of the hexagonal tubes 120. In
the illustrated embodiment, the spacing rods 130 have a hori-
zontal cross-section that is generally in the shape of a trun-
cated triangle, wherein a nesting groove is formed into each
truncated apex. Of course, the spacing rods 130 can take on
other shapes with or without the grooves.

The spacing rods 130 are preferably made of aluminum or
a metal matrix material, such as boron impregnated alumi-
num. The spacing rods 130 are plug welded to the hexagonal
tubes 120 in which the %, are in contact with via elongated
holes 121 located at the edges/corners or the hexagonal tubes
120. The shape, location and number of plug weld holes 120
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will vary depending on design considerations and is i no way
limiting of the present invention. The plug holes 121 are
uniformly on each corner the hexagonal tubes 120 to facilitate
uniform manufacture but this is not necessary. The plug holes
121 can be formed by punching, cutting, or during a molding
process.

Referring now to FIGS. 3-4 concurrently, the base plate
110 also comprises a plurality of flow holes 115 extending
through the base plate 110 from its bottom surface 112 to its
top surface 111. Similarly, the base plate 110 also comprises
four oblong holes 116 (second row in from the corners) for
lifting and installing the fuel rack 100 within the fuel pool. A
special lifting beam with four long reach rods is used to
interact with the oblong holes 116 to grapple the fuel rack 100
and place it in the pool.

The flow heles 115 (and oblong holes 116) create passage-
ways from below the base plate 100 into the cells 101 formed
by the hexagonal tubes 120. Preferably, a single flow hole 115
1s provided for each cell 101. The flow holes 115 are provided
as inlets to facilitate natural thermosiphon flow of pool water
through the cells 101 when fuel assemblies having a heat load
are positioned therein. More specifically, when heated fuel
assemblies are positioned in the cells 101 in a submerged
environment, the water within the cells 101 surrounding the
fuel assemblies becomes heated, thereby rising due to
increased buoyancy. As this heated water rises and exist the
cells 101 via their open top ends, cool water is drawn into the
bottom of the cells 101 via the flow holes 115. This heat
induced water flow along the fuel assemblies then continues
naturally.

As can best be seen in FIG. 5, a plurality of auxiliary
cutouts/holes 121 are provided in the hexagonal tubes 120 at
or near their bottom edge. The auxiliary holes 121 act as
additional inlet openings for incoming pool water to facilitate
the thermosiphon flow during the cooling process. Moreover,
as will be described below, the flow holes 115 of certain cells
101 are blocked by the attachment of adjustable height ped-
estals 150. The auxiliary holes 121 of the hexagonal tubes 120
that form these cells 101 are thus the sole source of incoming
cool water for fuel assemblies stored therein. While an aux-
iliary hole 121 is provide din each face of each and ever
hexagonal tube 120 in the fuel rack 100, it is to be understood
that this may not be necessary in all instances.

As asside note, the flow holes 115 (and holes 116) perform
an additional function of providing an access-way into to the
cells 101 for a “goose-neck welder” for welding the hexago-
nal tubes 120 to the top surface of the base plate 110.

Referring back to FIGS. 3-4, the base plate 110 also com-
prises a plurality, of adjustable height pedestals 150 con-
nected to the bottom surface 112 of the base plate 110. The
adjustable height pedestals 150 ensure that a space exists
between the floor of the fuel pool and the bottom surface 112
of the base plate 110, thereby creating an inlet plenum for
water to flow through the flow holes 115.

The adjustable height pedestals 150 are spaced to provide
uniform support of the base plate 110 and thus the fuel rack
100. Each pedestal 150 is individually adjustable to level and
support the rack on a non-uniform spent fuel pool floor. The
pedestals 150 are bolted to the base plate 110. Of course, if
desired, the pedestals 150 can be attached top the base plate
110 by other means, including welding or threading. In the
event of welded pedestal 15, an explosion-bonded stainless-
Aluminum plate may be used to make the transition. For a
welded pedestal, the bolts and bolt holes are eliminated.

Referring now to FIGS. 6A-6B, the construction details of
the adjustable height pedestals 150 will be described. Each of
the adjustable height pedestals 150 comprises ablock 151 and
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a cylindrical peg 152 that acts as the foot. The block 152 is
connected to the base plate 110 via bolts 155.

The block 151 comprises a central hole 153 which has a
threaded inner surface (not visible). Similarly, the outer sur-
face of a portion of the peg 151 is also threaded with corre-
sponding threads. The peg 152 is inserted into the hole 153
and threadily engaged therein to the block 151.

The peg 152 also comprises a rectangular depression 154 in
its top surface for receiving a tool for turning the peg 152. Of
course, the depression can be any shape that will facilitate
rotational engagement with a tool. Moreover, other means for
engaging and turning the peg 152 can be sued including a tab,
a screw head, a bolt head, etc.

Because of the threaded connection between the peg 152
and the block 151, turning the peg 152 via the depression 154
results in increasing or decreasing the height the peg 152
protrudes from the bottom surface of the block 151. Adjust-
ment of the peg 152 is facilitated by a long-handled tool that
is inserted into the cell 101. The depression 154 of the peg 152
is accessible through the flow hole 115 in that cell 101 (see
FIG. 3).

The bottom portion of the peg 152 has a rounded edge to
prevent catching and tearing of the liner in a seismic-induced
slide of the fuel rack 100. A break in the liner means problems
for the site because of leakage. If desired, the bottom surface
of the peg 152 can be formed or covered with a low friction
sliding material.

II. Non-Flux Trap Fuel Rack Embodiment Incorporating
Resultant Cells

Referring now to FIGS. 7-10 concurrently, a second
embodiment of a fuel rack 200 is illustrated. Similar to the
rack above, the fuel rack 200 is a cellular, upright, prismatic
module. The illustrated embodiment of the fuel rack 200 is
specifically designed to accommodate hexagonal fuel assem-
blies, such as VVER 1000 fuel assemblies. Each cell 201 of
the fuel rack 200 is also generally hexagonal in shape (i.e.,
have a hexagonal horizontal cross-section) so as to geometri-
cally accommodate a single hexagonal fuel assembly. How-
ever, it is to be understood that the concepts of the present
invention can be modified to accommodate any shaped fuel
assembly, including rectangular, octagonal, round, etc.

In describing the fuel rack 200 and its component parts
below, relative terms such as top, bottom, above, below, hori-
zontal, vertical upper and lower will be used in relation to the
fuel rack 200 being in the illustrated substantially vertical
orientation of F1G. 7. Additionally, in order to avoid clutter in
the drawings, only a few of each component are numbered
with the understanding that the reader will be able to identify
duplicate elements.

The driving factor that leads to the structural differences
between fuel rack 100 (discussed above) and the fuel rack 200
is that the fuel rack 200 is designed to be used with fuel
assemblies that do not require the presence of a neutron flux
trap between adjacent cells 201. Thus, the inclusion of neu-
tron flux traps in fuel racks when not needed is undesirable
because valuable pool floor area is unnecessarily wasted. Of
course, both fuel rack types 100, 200 may be stored side by
side in the same pool.

Because many of the structural and functional features of
the fuel rack 200 are identical to the fuel rack 100, only those
aspect of the fuel rack 200 that are different will be discussed
below with the understanding that the other concepts dis-
cussed above with respect to fuel rack 100 are applicable.

The fuel rack 200 comprises a plurality of hexagonal tubes
220. The hexagonal tubes 220 are connected to the top surface
211 of the base plate 210 in a substantially vertical orienta-
tion. In this embodiment, the axis of each hexagonal tube 220
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is not only substantially vertical but also substantially per-
pendicular to the top surface 211 of the base plate 210. The
connection between the hexagonal tubes 220 and the base
plate 210 is achieved by welding the bottom edge of the
hexagonal tubes 220 to the top surface of the base plate 110.
Of course, other connection techniques can be utilized with
minor modification, including mechanical connections such
as bolting, clamping, threading, etc.

The top ends of the hexagonal tubes 220 remain open so
that a fuel assembly can be slid into the internal cavity 201A
(also referred to as a cell) formed by the inner surfaces each
hexagonal tube 220. The hexagonal tubes 220 are connected
atop the rectangular base plate 110 in a special geometric
arrangement so that certain non-perimeter cells 201D are
formed by the outside surfaces of the surrounding hexagonal
tubes 220. Additionally, certain perimeter cells 201B-C are
formed bad the outside surfaces of the surrounding hexagonal
tubes 220 and an added plate, which depending on the loca-
tion is either atwo-panel plate 225 or a single panel plate 226.

In other words, the cells 201B-201D are not the internal
cavities of any tubular structures but are resultant cavities
formed by either (1) the outer surfaces of the surrounding
hexagonal tubes 220; or (2) the outer surfaces of the surround-
ing hexagonal tubes 220 and an additional plate structure 225,
226. As used herein, all three cell types 201B-201D will be
referred to as “resultant cells” or “developed cells.”

Despite their different methods of formation, all of the cells
201A-201D have a horizontal cross-section that is generally
hexagonal. Of course, the result cell concept can be applied to
a host of other geometries if desired. The special geometric
arrangement of the hexagonal tubes 220 and an additional
plate structure 225-226 atop the base plate 210 will now be
discussed.

As can best be seen in FIG. 9, the hexagonal tubes 220 are
geometrically arranged atop the base plate 210 in rows 1-11
(indicated numerically in a circle). Of course, any number of
rows or columns may be created for the fuel rack 200. The
details of the formation of three different kinds of resultant
cells will be described in reference to rows 1 through 3 with
the understanding that the certain patterns repeat and thus the
entire fuel rack 200 can be constructed.

A. Formation of Petimeter Resultant Cells X

The formation of perimeter resultant cells formed by the
combination of outside surfaces of the hexagonal tubes and a
two-panel plate structure (referred to above as type 201C
cells) will now be described. For ease of reference and to
avoid clutter, all perimeter resultant cells formed by the com-
bination of outside surfaces of the hexagonal tubes and a
two-panel plate structure are marked with an X.

In row 1, the hexagonal tubes 220(1), 220(2) are arranged
atop the base plate 210 in the top left corner in an adjacent and
abutting manner so that the opposing outside surfaces of the
hexagonal tubes 220(1), 220(2) are in surface contact. The
internal cavities of the hexagonal tubes 220(1), 220(2) act as
the first two cells 201A (not marked). To reduce further clut-
ter, all cells 201A that are formed by the inner surfaces of a
single hexagonal tube 220 are left blank in FIG. 9.

A second pair hexagonal tubes 220(3), 220(4) are arranged
atop the base plate 210 within row 1 and spaced from the first
pair ofhexagonal tubes 220(1), 220(2). Similar to the first pair
ofhexagonal tubes 220(1), 220(2), the second pair of hexago-
nal tubes 220(3), 220(4) are in arranged in an adjacent and
abutting manner so that the opposing outside surfaces of the
hexagonal tubes 220(3), 220(4) are in surface contact. While
the second pair of hexagonal tubes 220(3), 220(4) are aligned
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with the first pair of hexagonal tubes 220(1), 220(2) inrow 1,
they are also spaced so as to leave room for a first perimeter
resultant cell X.

A two-panel plate structure 225(1) is connected to the left
sides of the hexagonal tubes 220(3), 220(4) to enclose the
open lateral side of the perimeter resultant cell X. Specifi-
cally, the two panel plate structure 225(1) is connected to the
hexagonal tube 220(2) and the hexagonal tube 220(3) by
welding or another technique. The perimeter resultant cell X
is completed by the outside surfaces of the hexagonal tubes
220(8), 220(9) located in row 2. Thus a complete hexagonal
resulting cell X is formed by the cooperation of the outside
surfaces of the hexagonal tubes 220(2), 220(3), 220(8), 220
(9) and the plate structure 225(1). The resultant cell X has a
horizontal cross-sectional shape that corresponds to the shape
of all other cells in the fuel rack 200.

B. Formation of Resultant Perimeter Cells #

The formation of perimeter resultant cells formed by the
combination of outside surfaces of the hexagonal tubes and a
single-panel plate structure (referred to above as type 201B
cells) will now be described. For ease of reference and to
avoid clutter, all perimeter resultant cells formed by, the com-
bination of outside surfaces of the hexagonal tubes and a
single-panel plate structure are marked with an #.

Turning now to row 2, the pair of hexagonal tubes 220(8),
220(9) are arranged atop the base plate 210 in an adjacent and
abutting manner with each other and the hexagonal tubes
220(2), 220(3) from row 1. When so arranged, the opposing
outside surfaces of the hexagonal tubes 220(8), 220(9) are in
surface contact with one another. The opposing outside sur-
faces of the hexagonal tubes 220(8), 220(2) are also in surface
contact with one another. And, the opposing outside surfaces
of the hexagonal tubes 220(9), 220(3) are in surface contact
with one another.

The hexagonal tubes 220(14), 220(15) are arranged in row
3 atop the base plate 210 in an adjacent and abutting manner
with each other and so that the outside surface of the hexago-
nal tube 220(15) is in surface contact with the outside surface
of the hexagonal tube 220(8) from row 2. A single-panel plate
structure 226(1) is connected to the hexagonal tubes 220(1),
220(14) to enclose the open lateral side of the perimeter
resultant cell #. Specifically, the single-panel plate structure
226(1) is connected to the hexagonal tube 220(1) and the
hexagonal tube 220(14) by welding or another technique.
Thus, a complete hexagonal resulting cell # is formed by the
cooperation of the outside surfaces of the hexagonal tubes
220(1),220(2),220(8),220(14), 220(15) and the single-panel
plate structure 226(1). The resultant cell # has a horizontal
cross-sectional shape that corresponds to the shape of all
other cells in the fuel rack 200.

C. Formation of Resultant Perimeter Cells*

The formation of non-perimeter resultant cells formed
completely by the cooperation of outside surfaces of the
surrounding hexagonal tubes (referred to above as type 201D
cells) will now be described. For ease of reference and to
avoid clutter, all non-perimeter resultant cells formed by the
cooperation of the outside surfaces of the hexagonal tubes are
marked with an*.

In order to avoid redundancy, the arrangement and inter-
action of the hexagonal tubes atop the base plate will be
omitted with the understanding that the discussion above is
applicable. In row 2, a complete hexagonal resulting cell* is
formed by the cooperation of the outside surfaces of the
hexagonal tubes 220(3), 220(4), 220(9), 220(10), 220(16),
220(17). The resultant cell* has a horizontal cross-sectional
shape that corresponds to the shape of all other cells in the fuel
rack 200.
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Turning back to the general manufacture and formation of
the fuel rack 200, all connections between the hexagonal
tubes 220 and the base plate 210 are accomplished as
described above with respect to the fuel rack 100. Addition-
ally, connections between adjacent the hexagonal tubes 220
can be accomplished via the plug holes described above.
Furthermore, in order to ensure that the resultant cells
201B-D are properly sized, the fuel rack may be formed in the
following manner.

First, an array of hexagonal tubes 220 are arranged in the
desired geometric configuration so that all six outside sur-
faces of all non-perimeter hexagonal tubes 220 are in contact
with the outside surface of the adjacent hexagonal tubes 220.
In other words, at this stage, the fuel rack 200 only comprises
cells of the type 201A that formed by the internal cavities of
the hexagonal tubes 220 themselves. However, due to pre-
planning, the location of those spots which are to be resultant
cells 201B-D are noted. The array of hexagonal tubes 220 are
positioned atop the base plate 210 and the necessary welding
is performed. However, any hexagonal tubes 220 that are
located in the spots where a resultant cell is desired are not
welded to either the base plate 210 or to the adjacent hexago-
nal tubes 220. These hexagonal tubes 220 are then slidably
removed from the array, thereby leaving the resultant cell
201B-D. As necessary, the single-panel plates 226 and the
two-panel plates 225 are then connected to enclose the perim-
eter resultant cells 220B-C.

Furthermore, if desired, neutron absorbing panels can be
added to the array as necessary. The fuel rack 200 does not
contain an), flux traps.

1II. Slotted-Plate Fuel Rack Embodiment

Referring now to FIG. 10, a fuel rack 300 that is formed
from a plurality of slotted-plates arranged in a self-interlock-
ing arrangement is illustrated. The fuel rack 300 is designed
so as to have flux traps 340 and rectangular cells 301. How-
ever, it is to be understood that the slotted-plate concept
described below can be utilized to form non-flux trap fuel
racks and can be utilized to create fuel racks having any
shaped cells, including without limitation the fuel racks dis-
cussed above.

In describing the fuel rack 300 and its component parts
below, relative terms such as top, bottom, above, below, hori-
zontal, vertical upper and lower will be used in relation to the
fuel rack 300 being in the illustrated substantially vertical
orientation of FIG. 10. Additionally, in order to avoid clutter
in the drawings, only a few of each component are numbered
with the understanding that the reader will be able to identify
duplicate elements.

Because many of the structural and functional features of
the fuel rack 300 are identical to the fuel racks 100, 200 above,
only those aspect of the fuel rack 300 that are different will be
discussed below with the understanding that the other con-
cepts and structures discussed above with respect to the fuel
racks 100, 200 are applicable.

The fuel rack 300 generally comprises an array of cells 301
that are formed by a gridwork of slotted plates 370-372 that
are slidably assembled in an interlocking rectilinear arrange-
ment. The gridwork of slotted plates 370-372 are positioned
atop and connected to a base plate 310. The entire fuel rack
body is formed out of three types of slotted plates, a middle
plate 370, a top plate 371 and a bottom plate 372. The bottom
plate comprises the auxiliary holes 321 as discussed above for
facilitating thermosiphon flow into the cells 301.

Referring now to FIGS. 11A-11C, one of the middle plates
370, top plates 371 and bottom plates 372 are illustrated
individually. As can be seen, the bottom plate 372 is merely a
top half of the middle plate 370 with the auxiliary holes 321
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cutout at its bottom edge. Similarly, the top plate 371 is
merely a bottom half of the middle plate 370. The bottom and
top plates 372, 371 are only used at the bottom and top of the
fuel rack body to cap the middle body segments 380 (FIG. 12)
formed from the middle plates 370 so that the fuel rack body
has a level top and bottom edge.

Each of the plates 370-372 comprise a plurality of slots 374
and end tabs 375 strategically arranged to facilitate sliding
assembly to create the fuel rack body. The slots 374 are
provided in both the top and bottom edges of the plates
370-372. The slots 374 on the top edge of each plate 370-372
are aligned with the slots 374 on the bottom edge of that same
plate 370-372. The slots 374 extend through the plates 370-
372 for one-fourth of the height of the plates 370-372. The
end tabs 375 extend from lateral edges of the plates 370-372
and are preferably about one-half of the height of the plates
370-372. The end tabs 375 slidably mate with the indenta-
tions 376 in the lateral edges of adjacent plates 370-372 that
naturally result from the existence of the tabs 375.

The plates 370-372 are preferably constructed of a metal-
matrix composite material, and more preferably a discontinu-
ously reinforced aluminum/boron carbide metal matrix com-
posite material, and most preferably a boron impregnated
aluminum. One such suitable material is sold under the trade-
name Metamic™.

Referring now to FIG. 12, a single middle segment 380 of
the basket is illustrated. Each middle segment 38Q of the fuel
rack 300 comprises a gridwork of middle plates 370 arranged
in a rectilinear configuration so as to form a vertical portion of
the cells 301 and the flux traps 340. In creating a middle
segment 380, a first middle plates 370 is arranged vertically.
A second middle plate 370 is then arranged above and at a
generally 90 degree angle to the first middle plate 370 so that
its corresponding slots 374 are aligned. The second middle
plate 370 is then lowered onto the first middle plate 370,
thereby causing the slots 374 to interlock as illustrated. This
is repeated with all middle plates 370 until the desired recti-
linear configuration is created, thereby creating the segment
380.

In creating the fuel rack body, the slots 374 and end tabs
375 of the segments 380 interlock the adjacent segments 380
together so as to prohibit relative horizontal and rotational
movement between the segments 380. The segments 380
intersect and interlock with one another to form a stacked
assembly that is the fuel rack body. The fuel rack 300 prefer-
ably comprises at least four of the segments 380, and more
preferably at least ten segments 380. All of the segments 380
have substantially the same height and configuration.

Therefore, the entire fuel rack 300 is formed of slotted
plates 370-372 having what is essentially a single configura-
tion which is the middle plate 370, with the exception that the
top and bottom plates 371, 372 have to be formed by cutting
the middle plate 370 and adding the cutouts 321.

Furthermore, as a result of the interlocking nature of the
slotted plates 370-372, spacers are not needed to maintain the
flux traps 340. Thus, in some embodiments, the fuel rack 300
will be free of spacers in the flux traps 340.

IV. Non-Flux Trap Fuel Basket Embodiment

Referring to FIGS. 13-17, a fuel basket 1000 according an
embodiment of the present invention is illustrated. The com-
plete and assembled fuel basket 1000 is shown in FIGS. 15
and 17. While the fuel basket 1000 (and its components) are
described throughout this specification in conjunction with
storing and/or transporting spent nuclear fuel assemblies hav-
ing a hexagonally shaped horizontal cross-sectional profile,
the invention is in no way limited by the type of high level
radioactive waste it is use din conjunction with. The fuel
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basket assembly 1000 (and its components) can be used to
transport and/or store any shape of fuel assemblies.

Referring now to FIG. 13, a perspective view of the storage
grid portion 1001 of the fuel basket 1000 is illustrated. The
storage grid 1001 is a cellular structure comprising a plurality
of tubes 10 forming cells 20 for receiving and holding fuel
assemblies. The tubes 10 form a honeycomb-like grid of cells
20 arranged in a polar configuration. For ease of representa-
tion (and in order to void clutter), only a few of the tubes 10
and the cells 20 are numerically identified in FIG. 13.

The tubes 10 have a horizontal cross-sectional profile that
1s hexagonal in shape. The invention is not so limited how-
ever, and the tubes 10 will have a horizontal cross-sectional
profile that corresponds with the shape of the fuel assembly to
be stored within the cavities 20. For example, other polygo-
nal-shaped SNF assemblies may be stored in the fuel basket
1000, in which case the tubes 10 will be of the appropriate
horizontal cross-sectional shape. The cells 20 are substan-
tially vertically oriented elongate spaces/cavities having a
generally hexagonal horizontal cross-sectional configuration.
The horizontal cross-sectional profile of the cells 20 is also
not limited to hexagonal, and could be any shape including
other polygons. Each cell 20 is designed to accommodate a
single fuel assembly. The storage grid 1001 (and thus the cells
20) has a height that is equal to or slightly greater than the
height of the fuel assembly for which the basket 1000 is
designed to accommodate. The fuel basket 1000 preferably
comprises 85 cells 20 and has a weight of approximately 4800
lbs.

Each storage tube 10 comprises five plates 11 having an
inner surface 12 and an outer surface 13. The tubes 10 could
have less or more plates 11 depending upon the desired hori-
zontal cross-sectional profile. The inner surface 12 of the
tubes 10 form the cells 20. Preferably, the tubes 10 are
bundled together in an axially adjacent arrangement to form a
honeycomb storage grid of cells 20. The tubes 10 are formed
by staking tubular segments 10A-10C so as to create cells 20
having a height equal to, or greater than the height of the fuel
assembly to be stored therein. An interface/junction 21 is
formed between the contacting edges of the tubular segment
10A-10C in each vertical stack that forms the tube 10. For
easeofrepresentation (and in order to void clutter), only a few
ofthe contact interfaces are numerically identified in FIG. 13.
As will be discussed in further detail below, the tubular seg-
ments 10A-10C are of varying height so that the interfaces 21
of adjacent tubes 10/cells 20 are not aligned. By ensuring that
the interfaces 21 are not aligned for adjacent tubes 10/cells
207 the structural integrity of the fuel basket 1000 is
enhanced.

Preferably, the tubes 10 (and tubular segments 10A-10C)
are made by extruding or forming plate stock followed by
welding each of the plates 11 at their lateral edges. The tubes
10 are made of a material containing a neutron absorber
isotope embedded in the microstructure, such as elemental
boron or boron carbide. Metamic, produced by Metamic,
LLC, made of an aluminum alloy matrix with embedded
boron carbide is an example of an acceptable material. In
some embodiments, however, the fuel basket 1000 and its
components can be constructed of alternate materials, such as
steel or borated stainless steel.

A plurality of cutouts 23 are provided in the plates 11 at the
bottom of the tubes 10. For ease of representation (and in
order to void clutter), only a few ofthe cut-outs 23 are numeri-
cally identified in FIG. 13. The cutouts 23 form passageways
through the plates 11 so that all of the cells 20 are in spatial
communication. As a result, the cutouts 23 at or near the
bottom of the storage grid 1001 act as a bottom plenum that
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helps circulate fluids (air or water) within the fuel basket 1000
(and the cells 20) to effectuate convective cooling of the
stored fuel assemblies during storage and/or transportation.
This natural circulation of air or water can be further facili-
tated by leaving one or more of the cells 20 along the periph-
ery of the basket 100 empty so that they can act as downcom-
ers (the support tubes 30A, 30B can also act as downcomers
if the cutouts are added). The cutouts 23 are rectangular in
shape in the illustrated embodiment but can take on a wide
variety of shapes.

Referring to FIGS. 13 and 15 concurrently, the storage grid
1001 is formed by a plurality of sections 150A-D of the
tubular segments 10A-10C that are arranged in a stacked
assembly. The sections 150A-D and the tubular segments
10A-C are joined with one another to form the stacked assem-
bly that is the storage grid 1001. Each section 150A-D of the
storage grid 1001 is a vertical portion of the storage grid 1001
that itself comprises the honeycomb-like grid of tubular seg-
ments 10A-C arranged in the polar configuration. The tubular
segments 10A-C are of three different heights, each different
height delineated by the letter A-C. A single bottom section
150A of the storage grid 1001 is illustrated in FIG. 15, the
bottom section 150A having tubular segments 10A-C
arranged in a polar configuration. The bottom edges of the
tubular segments 10A-C are aligned at the same elevation.
The two middle sections 150B-C comprise tubular members
10C, all having the same height. The top section 150D com-
prises tubular members 10A-C arranged so that the top sur-
faces of the tubular members 10A-C are aligned at the same
elevation.

The tubular segments 10A have a height that is preferably
equal to one foot. The tubular segments 10B have a height that
is preferably equal to two feet. The tubular segments 10C
have a height that is preferably equal to three feet. The inven-
tion is not so limited however, and the tubular segments
10A-C may be of any height so long as the cells formed are at
least equal to the height of the fuel assembly. In order to
ensure that the interfaces 21 of adjacent tubes 10 are not
aligned, it is preferable that no adjacent tubular members
10A-C of the bottom section 150A be of the same height.
Thus when assembling the bottom section 150A, the one foot
tubular segment 10A is surrounded by alternating tubular
members 10B and 10C.

Referring now to FIGS. 14 and 16, the fuel basket 1000
further comprises a plurality of resultant cells 20A that are
formed by the outer surface 13 of the walls 11 of six of the
tubular members 10. A single resultant cell 20A is illustrated
in FIG. 14. Where six tubular members are joined in a polar
configuration, a resultant cell 20A having a hexagonal hori-
zontal cross-sectional profile is formed therebetween. This
arrangement allows for less plates 11 (i.e., tubes 10) to be
used to create the same number of cells 20, thereby creating a
lighter fuel basket 1000. In the illustrated embodiment there
are a total of twenty-nine resultant cells 20A. The invention is
not so limited however, and the number of resultant cells may
vary. The resultant cells 20A have about a '% inch larger
opening and thus can accommodate fuel assemblies that are
damaged or dimensionally-deviant. Additionally, the result-
ant cells 20A allow for the fuel basket 1000 to be fabricated
using fillet welds because the resultant cells provide easier
access to the tubes 10.

As best seen in FIG. 16, some resultant cells 20A that are
located along the periphery of the fuel basket 1000 require the
use of a closure plate 15A-B to complete the cell. The closure
plates 15A-B are par-hexagonal plates. The fuel basket
assembly 1000 comprises two types of closure plates 15A-B
depending on the configuration of the resultant cell 20A.
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Some resultant cells 20A require only a single panel to
enclose the cell 20A, while other resultant cells require two
panels to enclose the resultant cell 20A. Where two panels are
required, a closure plate 15A is formed by bending a plate into
two panels of equal length and attaching the lateral edges of
the closure plate 15A to the lateral edges of the tubes 10 that
are forming the applicable resultant cell 20A.

The basket assembly 1000 further comprises basket sup-
porttubes 30A, B placed adjacent the storage grid 1001 along
its periphery. The basket support tubes 30A,B are used to
provide conformal contact with the container/vessel in which
the basket assembly 100 is to be used. The basket support
tubes 30A, B comprise a par-hexagonal plate 31A, B con-
nected to the concave side of a curved plate 32A, B. The
curved plates 32A, 32B form a substantially circular outer
perimeter for the fuel basket 1000. Because the basket sup-
port tubes 30A,B are not located at every position on the
periphery of the storage grid, the substantially circular outer
perimeter is circumferentially segmented.

For resultant cells 20A that require only a single panel to
form a six-walled cell (i.e. One side is open), the par-hexago-
nal plate 31B of the support tubes 30B can also function as a
closure plate. The basket support tubes 30A can be used
where there is no resultant cell 20A, or where the resultant cell
20A 1s enclosed by the closure plate 15A.

Referring now to FIG. 17, the basket support tubes 30A, B
are shown removed from the fuel basket assembly 1000. The
basket support tubes 30A,B are provided so that the basket
assembly is centered within the container (which can be a
canister or a cask) in which it is to be used.

Referring now to FIG. 18, the basket assembly 100 with the
basket supports 30A, B attached is illustrated. The basket
supports 30A, B provide for a circular outer perimeter of the
fuel basket 1000. The gaps 31 in the basket supports 30A,B do
not have fuel assemblies stored therein, thus they may
improve the cooling of the fuel assemblies stored in the cells
20.

V. Flux Trap Fuel Basket Embodiment

Referring now to FIG. 19, a fuel basket 2000 according to
another embodiment of the present invention is illustrated.
The design aspects of the fuel assembly 2000 are substan-
tially similar to those discussed above with respect to the fuel
basket 1000. To avoid redundancy, only those design aspects
of the fuel basket 2000 that substantially differ from the fuel
basket 1000 will be discussed.

The basket assembly 2000 comprises a plurality of flux trap
spaces 50 that regulate the production of neutron radiation
and prevent reactivity in a flooded condition. The flux traps 5
are small spaces that extend the height of the basket 2000. The
flux traps 50 are formed between two of the tubular members
210 that are close to one another and substantially parallel. As
will be discussed below, the flux traps 50 are designed to be of
variable width to maximize the number of fuel assemblies
that can be stored in the fuel basket 2000 while maintaining a
reactivity equal to or less than 0.95. The flux traps 50 are
formed between the outer surface of the storage tubes 2210.
The tubes 2210 have a plurality of spacers 60 that maintain the
spacing between tubular members 10 that forms the flux trap
50.

Referring now to FIG. 20, a single storage tube 2210 is
shown removed from the fuel basket 2000 so that it’s design
aspects can be more clearly visible. The storage tube 2210 has
a hexagonal horizontal cross-sectional profile but can be any
configuration. Preferably, the cross-sectional profile will be
determined by the type of fuel assembly to be loaded and
stored in the fuel basket assembly 2000. The tube 2210 com-
prises a plurality of notches 2215. The notches 2215 provide
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spaces through which the spacer 2260 (shown in FIG. 24) can
be attached. Preferably, the spacers 60 are initially tack
welded to the tubes 2210 so that the fuel basket 2000 can be
assembled. After the fuel basket 2000 is assembled it is placed
onits side and the spacers 2260 that are on the bottom (closer
to the ground surface on which the basket assembly 2000 is
resting) are plug welded to the storage tubes 2210. This
allows for gravity to aid in the welding procedure. The fuel
basket 2000 is rotated so that the next set of spacers 2260 is
now closer to the ground surface for welding to the tubes
2210. The rotating and welding procedure is repeated for all
of the spacers 2260 and tubes 2210.

Referring to FIGS. 21 and 22 concurrently, the fuel basket
2000 is formed by a plurality of sections 2250A-F of the
tubular segments 2210A-C that are arranged in a stacked
assembly. The sections 2250A-F and the tubular segments
2210A-C are joined with one another to form the stacked
assembly that is the fuel basket 2000. Each section 2250A-F
of the fuel basket 2000 comprises a honeycomb-like grid of
tubular segments 2210A-C arranged in the polar configura-
tion. The tubular members 2210A-C of the basket assembly
2000 are of three varying heights, each height delineated by
the letter A-C. A single bottom section 2250A of the basket
2000 is illustrated in FIG. 21, the bottom section 2250A has
tubular segments 2210A-C arranged in a polar configuration.
The middle sections 2250B-E comprise tubular segments
2210C, all having the same height. The top section 2250F
comprises tubular segments 210A arranged so that the top
surfaces of the tubular segments 2210A-C are aligned at the
same elevation.

The storage tubes 2210A have a height that is preferably
equal to one foot. The tubular segments 2210B have a height
that is preferably equal to two feet. The tubular segments
2210C have a height that is preferable equal to three feet. The
invention is not so limited however, and the tubular segments
2210A-C may be of any height so long as the cells formed are
at least equal to the height of the fuel assembly. In order that
the interfaces 2221 are not aligned, it is preferable that no
adjacent tubular segments 2210A-C of the bottom section
2250A be of the same height. Thus when assembling the
bottom section 2250A, the one foot tubular segments 2210A
are surrounded by alternating tubular segments 2210B and
2210C. The bottom edges of the tubular segments 2210A-C
of the bottom section 2250A are aligned.

Referring now to FIG. 24, a top view of the fuel basket
2000 is illustrated. The basket assembly 200 comprises three
types of spacers 2260A-C that form flux traps 50 between the
tubes 2210. The first type of spacer 2260A is a unilateral
triangle that maintains the largest gap between the tubes 2210
located near the central axis of the basket 2000. In other
words, the spacer 2260A is used with the tubes 2210 that are
closest to the center of the basket 2000 because the neutrons
emitted by the fuel assemblies in the center of the basket 2000
cannot easily escape to the perimeter of the basket 2000.
Thus, for maintaining a reactivity of less than 0.95, a larger
flux trap 50 is required. A second shape of spacer 22608 is
used between the storage tubes 2210 that are nearer the outer
perimeter of the fuel basket 2000. A rectangular spacer 2260C
is used for the storage tubes 2210 that are nearest to the outer
perimeter formed by basket supports 2230A,B.

The fuel baskets 1000, 2000 of the present invention are not
limited to use with any particular type of surrounding vessels.
For example, in one embodiment, the basket assemblies
1000, 2000 can be incorporated into a hermetically sealable
multi-purpose canister for use in conjunction with VVO style
containment systems. In such an embodiment, the basket
assemblies 1000, 2000 will be provided in a cavity formed by
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a cylindrical metal shell. The metal shell will encircle the
basket assembly 1000, 2000 and a metal base plate may be
welded to the bottom of the metal shell. A metal closure plate
can be fitted on top of the cylinder formed by the metal shell,
thereby forming a canister. Thermally conductive casks can
also be used to house the fuel baskets 1000, 2000 directly.

While the invention has been described and illustrated in
sufficient detail that those skilled in this art can readily make
and use it, various alternatives, modifications, and improve-
ments should become readily apparent without departing
from the spirit and scope of the invention.

What is claimed is:

1. A fuel basket or fuel rack for supporting radioactive fuel
assemblies comprising:

a grid of cells for housing radioactive fuel assemblies, the
grid formed by a plurality of tubes having inner surfaces
that form the cells, the tubes arranged in an adjacent
manner;

each of the tubes formed by a plurality of tubular segments
stacked in axial alignment, an interface formed between
adjacent tubular segments of each tube; and

wherein lengths of the tubular segments and a pattern in
which the tubes are arranged to form the grid is such that
none of the interfaces of adjacent tubes are aligned with
one another.

2. The fuel basket or fuel rack of claim 1 wherein all of the
tubular segments are selected from one of only three different
lengths.

3. The fuel basket or fuel rack of claim 1 wherein the tubes
are hexagonal tubes.

4. The apparatus fuel basket or fuel rack of claim 1 wherein
the tubes are constructed of a boron impregnated aluminum
material.

5. The apparatus fuel basket or fuel rack of claim 1 wherein
all of the tubes have approximately the same length.

6. The fuel basket or fuel rack of claim 1 further comprising
the tubes arranged in a pattern so that one or more of the cells
is a resultant cell formed by the outside surfaces of surround-
ing tubes.

7. A fuel basket or fuel rack for supporting radioactive fuel
assemblies comprising:

a bottom section comprising a plurality of bottom tubular
segments of varying length, the bottom tubular segments
arranged in an axially adjacent manner and in a pattern
wherein no two adjacent bottom tubular segments are
the same length, bottom edges of the bottom tubular
segments being aligned;

a middle section comprising a plurality of middle tubular
segments of equal length, the middle section stacked
atop the bottom section wherein the middle tubular seg-
ments are axially aligned with the bottom tubular seg-
ments and bottom edges of the middle tubular segments
abut top edges of the bottom tubular segments; and

atop section comprising a plurality of top tubular segments
of varying length, the top section stacked atop the
middle section wherein the top tubular segments are
axially aligned with the middle tubular segments, bot-
tom edges of the top tubular segments abut top edges of
the middle tubular segments, and top edges of the top
tubular segments are aligned.

8. A fuel basket for supporting radioactive fuel assemblies

comprising;

a plurality of tubes having an internal cavity for receiving
a radioactive fuel assembly;

the tubes arranged in a substantially vertical orientation
and spaced from one another so that a flux trap space
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exists between all adjacent tubes, the tubes forming a
storage grid having a central axis and a perimeter;
a plurality of spacers positioned in the flux trap spaces for
maintaining the existence of the flux trap spaces; and

wherein the width of the flux trap space between adjacent
tubes decreases with distance from the central axis of the
storage grid.

9. The fuel basket of claim 8 further comprising:

the tubes being hexagonal tubes;

a plurality of support tubes comprising a par-hexagonal

plate connected to a curved plate; and

the plurality of support tubes arranged adjacent to the hex-

agonal tubes along the perimeter of the storage grid so
that the curved plates define a substantially circular
outer perimeter, thereby forming a basket assembly.

10. The fuel basket of claim 9 further comprising:

acontainer having an inner surface forming a substantially

cylindrical cavity; and

the basket assembly positioned within the cylindrical cav-

ity of the container, the curved plates being in contact
with the inner surface of the container.

11. The fuel basket of claim 10 wherein the tubes comprise
one or more cutouts at the bottom edges that form passage-
ways between the internal cavities.

12. The fuel basket of claim 8 wherein the tubes being
hexagonal tubes; and each of the spacers located within the
flux trap spaces contacts edges of three adjacent hexagonal
tubes.

13. The fuel basket of claim 12 wherein the spacers are
rods.

14. The fuel basket of claim 13 wherein the rods have a
generally truncated-triangular horizontal cross-section.

15. The fuel basket of claim 8 further comprising:

wherein the tubes are hexagonal tubes; and

wherein the spacers are rods, each of the rods comprise

three grooves extending axially along a length of the
rods, the three grooves circumferentially spaced in a
symmetric manner about an axis of the rods, the rods
positioned in the flux trap spaces so that edges of the
hexagonal tubes nest in the grooves.

16. The fuel basket of claim 15 wherein the tubes are
constructed of a boron impregnated aluminum material.

17. A fuel basket or fuel rack for supporting radicactive
fuel assemblies comprising:
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a bottom section comprising a plurality of bottom tubular
segments of varying length, the bottom tubular segments
arranged in an axially adjacent manner and in a pattern
wherein no two adjacent bottom tubular segments are
the same length, bottom edges of the bottom tubular
segments being aligned;

a plurality of middle sections comprising an uppermost
middle section and a lowermost middle section, each of
the uppermost and lowermost middle sections compris-
ing a plurality of middle tubular segments of equal
length, the lowermost middle section stacked atop the
bottom section wherein the middle tubular segments of
the lowermost middle section are axially aligned with
the bottom tubular segments and bottom edges of the
middle tubular segments of the lowermost middle sec-
tion abut top edges of the bottom tubular segments; and

atop section comprising a plurality of top tubular segments
of varying length, the top section stacked atop the upper-
most middle section wherein the top tubular segments
are axially aligned with the middle tubular segments of
the uppermost middle section, bottom edges of the top
tubular segments abut top edges of the middle tubular
segments of the uppermost middle section, and top
edges of the top tubular segments are aligned.

18. The fuel basket or fuel rack of claim 17 wherein the
middle tubular segments of the uppermost middle section are
axially aligned with the middle tubular segments of the low-
ermost middle section and wherein bottom edges of the
middle tubular segments of the uppermost middle section
abut top edges of the middle tubular segments of the lower-
most middle section.

19. The fuel basket or fuel rack of claim 17 further com-
prising an intermediate middle section comprising a plurality
of middle tubular segments of equal length and wherein the
middle tubular segments of the intermediate middle section
are axially aligned with the middle tubular segments of each
of the lowermost and uppermost middle sections and wherein
bottom edges of the middle tubular segments of the interme-
diate middle section abut top edges of the middle tubular
segments of the lowermost middle section and wherein bot-
tom edges of the middle tubular segments of the uppermost
middle section abut top edges of the middle tubular segments
of the intermediate middle section.
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