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(57) A B S T R A C T
A neutron absorbing apparatus, for insertion into a fuel cell
storage system, includes a comer spine, a first all and a second
wall, each wall being affixed to the comer spine to form a
chevron shape. Each wall includes an absorption sheet affixed
to the corner spine, each absorption sheet being formed of a
metal matrix composite having neutron absorbing particulate
reinforcement, and a guide sheet affixed to and covering a
fractional upper portion of the absorption sheet and extending
over a top of the absorption sheet. The absorption sheet
extends along the comer spine a greater length than the guide
sheet.
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SNAP-IN INSERT FOR REACTIVITY
CONTROL IN SPENT NUCLEAR FUEL
POOLS AND CASKS

CROSS REFERENCE TO RELATED
APPLICATIONS
[00011 Priority is claimed to U.S. provisional patent application No. 61/663,316, filed Jun. 22, 2012, the disclosure of
which is incorporated herein by reference in its entirety.
FIELD OF THE INVENTION
[00021 The field of the present invention relates to neutron
absorbing apparatus and methods used to facilitate close
packing, of spent nuclear fuel assemblies.
BACKGROUND OF THE INVENTION
[00031 Nuclear power plants currently store their spent fuel
assemblies on site for a period after being removed from the
reactor core. Such storage is typically accomplished by placing the spent fuel assemblies in closely packed fuel racks
located at the bottom of on-site storage pools. The storage
pools provide both radiation shielding and much needed cooling for the spent fuel assemblies.
[00041 Fuel racks often contain a large number of closely
arranged adjacent storage cells wherein each cell is capable of
accepting a spent fuel assembly. In order to avoid criticality,
which can be caused by the close proximity of adjacent fuel
assemblies, a neutron absorbing material is positioned within
the cells so that a linear path does not exist between any two
adjacent cells (and thus the fuel assemblies) without passing
through the neutron absorbing material.
[00051 Early fuel racks utilized a layer of neutron absorbing
material attached to the cell walls of the fuel rack. However,
these neutron absorbing materials have begun to deteriorate
as they have been submerged in water for over a decade. In
order to either extend the period over which the fuel assemblies may be stored in these fuel racks, it is necessary to either
replace the neutron absorber in the cell walls or to add an
additional neutron absorber to the cell or the fuel assembly.
[00061 I n an attempt to remedy the aforementioned problems with the deteriorating older fuel racks, the industry
developed removable neutron absorbing assemblies, such as
those disclosed in U.S. Pat. No. 5,841,825; U.S. Pat. No.
6,741,669; and U.S. Pat. No. 6,442,227Neutron absorbing
assemblies such as these have become the primary means by
which adjacent fuel assemblies are shielded from one another
when supported in a submerged fuel rack. Thus, newer fuel
racks are generally devoid of the traditional layer of neutron
absorbing material built into the structure of the fuel rack
itself that can degrade overtime. Instead, fuel assembly loading and unloading procedures utilizing neutron absorbing
assemblies have generally become standard in the industry. In
older racks, the neutron absorbing assemblies are added over
the older, often degrading, layer of neutron absorbing material.
[00071 While the neutron absorbing assemblies disclosed
in the prior art have proved to be preferable to the old fuel
racks having the neutron absorbing material integrated into
the cell walls, these neutron absorbing assemblies are less
than optimal for a number of reasons, including without limitation complexity of construction, the presence of multiple
welds, complicated securing mechanisms, and multi-layered
walls that take up excessive space within the fuel rack cells.
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Additionally, with existing designs of neutron absorbing
assemblies, the inserts themselves must be removed prior to
or concurrently with the fuel assemblies in order to get the
fuel assemblies out of the fuel rack. This not only complicates
the handling procedure but also leaves certain cells in a potentially unprotected state.
SUMMARY OF THE INVENTION
10008] The present invention is directed toward a neutron
absorbing apparatus for insertion into spent fuel cell transport
and/or storage systems.
10009] I n a first separate aspect of the present invention, a
neutron absorbing apparatus includes a corner spine and first
and second walls, each affixed to the corner spine to form a
chevron shape. Each wall includes an absorption sheet and a
guide sheet. The absorption sheet is formed from a metal
matrix composite having neutron absorbing particulate reinforcement and is affixed to the corner spine. The guide sheet
is affixed to and covers an upper portion of the absorption
sheet, and it also extends over a top of the absorption sheet.
The absorption sheet extends along the corner spine along a
greater length than the guide sheet.
LOOM I n a second separate aspect of the present invention,
a neutron absorbing apparatus includes a corner spine and
first and second walls. each affixed to the corner spine to form
a chevron shape. Each wall includes an absorption sheet and
a guide sheet. The absorption sheet is formed from a metal
matrix composite having neutron absorbing particulate reinforcement and is affixed to the corner spine. The guide sheet
is affixed to and covers an upper portion of the absorption
sheet, and it also extends over a top of the absorption sheet. At
least one of the walls also includes a locking protuberance
coupled to the respective guide sheet and protruding through
an opening formed in the respective absorption sheet.
P M I n a third separate aspect of the present invention, a
system for supporting spent nuclear fuel in a submerged
environment includes a fuel rack, a fuel assembly, and a
neutron absorbing apparatus. The fuel rack includes an array
of cells, with each cell being separated from adjacent cells by
a cell walk The fuel assembly is positioned within one of the
cells, and the neutron absorbing, apparatus is also disposed
within that cell. 'the neutron absorbing apparatus includes a
corner spine and first and second walls, each affixed to the
corner spine to form a chevron shape. Each wall includes an
absorption sheet and a guide sheet. The absorption sheet is
formed from a metal matrix composite having neutron
absorbing particulate reinforcement and is affixed to the corner spine. The guide sheet is affixed to and covers an upper
portion of the absorption sheet, and it also extends over a top
of the absorption sheet. At least one of the cell wall in which
the fuel assembly is disposed, adjacent the first wall or the
second wall of the neutron absorbing apparatus, and the first
wall or the second wall include a locking protuberance positioned to retain the neutron absorbing apparatus in the first
cell during removal of the fuel assembly from the first cell.
10012] I n a fourth separate aspect of the present invention,
a method of retrofitting a spent nuclear fuel cell storage system includes inserting a neutron absorbing apparatus into one
cell of an array of cells, wherein each cell is separated from
each adjacent cell by a cell wall. The neutron absorbing
apparatus includes a comer spine and first and second walls,
each affixed to the comer spine to form a chevron shape. Each
wall includes an absorption sheet and a guide sheet. The
absorption sheet is formed from a metal matrix composite
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having neutron absorbing particulate reinforcement and is
affixed to the corner spine. The guide sheet is affixed to and
covers an upper portion of the absorption sheet, and it also
extends over a top of the absorption sheet. At least one of the
walls also includes a first locking protuberance coupled to the
respective guide sheet and protruding through an opening
formed in the respective absorption sheet. The method further
includes creating a second locking protuberance in a first cell
wall adjacent the neutron absorbing apparatus, wherein the
first locking protuberance and the second locking protuberance are positioned to interlock to retain the neutron absorbing apparatus in the one cell.
[00131 I n a fifth separate aspect of the present invention,
any of the foregoing aspects may be employed in combination.
[00141 Accordingly, an improved neutron absorption apparatus for spent nuclear fuel pools and casks is disclosed.
Advantages of the improvements will be apparent from the
drawings and the description of the preferred embodiment.
BRIEF DESCRIPTION OF THE DRAWINGS
[00151 The foregoing summary, as well as the following
detailed description of the exemplary embodiments, will be
better understood when read i n conjunction with the
appended drawings. It should be understood, however, that
the invention is not limited to the precise arrangements and
instrumentalities shown in the following figures:
[00161 FIG. 1 illustrates a fuel rack having an array of cells
to receive fuel assemblies containing spent nuclear fuel:
[00171 FIG. 2 is a perspective view of a neutron absorbing
apparatus;
[00181 FIG. 3 is a top elevation view of the neutron absorbing apparatus of FIG. 1;
[00191 FIG. 4 is a side view of the neutron absorbing apparatus of FIG. 1;
[00201 FIG. 5 is partial perspective view of the upper rear
portion of the neutron absorbing apparatus of FIG. 1;
[00211 FIG. 6 is a perspective view of one cell in a fuel rack,
wherein multiple adjacent cells would form an array of cells
for the fuel rack;
[00221 FIG. 7 is a cross sectional view of the interlocking
engagement between the neutron absorbing apparatus of FIG.
1 fully inserted into the cell of FIG. 4; and
[00231 FIG. 8 is a perspective view of a fuel assembly in a
cell that is part of an array of cells in a submerged fuel rack,
and a fully inserted neutron absorbing apparatus.
DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS
[00241 The description of illustrative embodiments according, to principles of the present invention is intended to be
read in connection with the accompanying drawings, which
are to be considered part of the entire written description, in
the description of embodiments of the invention disclosed
herein, any reference to direction or orientation is merely
intended for convenience of description and is not intended in
any way to limit the scope of the present invention. Relative
terms such as "lower," "upper," "horizontal," "vertical,"
"above," "below," "up," "down," "left," "right," "top" and
"bottom" as well as derivatives thereof (e.g., "horizontally,"
"downwardly," "upwardly," etc.) should be construed to refer
to the orientation as then described or as shown in the drawing
under discussion. These relative terms are for convenience of
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description only and do not require that the apparatus be
constructed or operated in a particular orientation unless
explicitly indicated as such. Terms such as "attached,"
"affixed," "connected," "coupled," "interconnected," and
similar refer to a relationship wherein structures are secured
or attached to one another either directly or indirectly through
intervening structures, as well as both movable or rigid
attachments or relationships, unless expressly described otherwise. Moreover, the features and benefits of the invention
are illustrated by reference to the preferred embodiments,
Accordingly, the invention expressly should not be limited to
such preferred embodiments illustrating some possible nonlimiting, combinations of features that may exist alone or in
other combinations of features, the scope of the invention
being defined by the claims appended hereto.
10025] Turning in detail to the drawings, FIG. 1 shows a
fuel rack 101 having an array of cells 103 into which spent
nuclear fuel assemblies may be inserted. The fuel rack 101
may be part of a submerged storage system for spent nuclear
fuel, or it may be part of a transportation system for spent
nuclear fuel, such as dry or wet spent fuel casks. As shown,
the cell walls include a feature for interlocking with a locking
protuberance included as part of a neutron absorbing assembly inserted, into one or more of the cells. This feature may be
a complementary locking protuberance, or a complementary
receptacle to receive the locking protuberance of the neutron
absorbing assembly. The feature may be created by bending,
punching, welding, riveting, o r otherwise permanently
deforming the cell walls of the rack or the fuel cask, or by
securing attachments to the cell walls, for holding the absorption assembly in place once it is inserted into the fuel cell.
100261 In some embodiments, if the fuel rack 101 has too
small of a cell opening to accommodate thickness of the fuel
insert, the insert may be directly inserted into the guide tubes
of the fuel assembly.
100271 FIGS. 2-5 show a neutron absorbing assembly 111
which may be used in conjunction with both PWR or BWR
storage requirements. The neutron absorbing assembly 111 is
configured to be slidably inserted at strategic locations within
the cell array of a submerged fuel rack. However, the absorbing assembly can he used in any environment (and in conjunction with any other equipment) where neutron absorption
is desirable. Furthermore, based on the disclosed process for
bending a metal matrix composite having neutron absorbing
particulate reinforcement for the resulting angled plate structure), an absorbing assembly may be configured for use in any
environment and/or used to create a wide variety of structures, including without limitation fuel baskets, fuel racks,
sleeves, fuels tubes, housing structures, etc.
100281 The neutron absorbing assembly 111 includes a corner spine 113, to which are fastened two walls 115 to form a
chevron-shaped structure (when viewed from the top or bottom). For a cell with a square cross-sectional configuration,
the corner spine 113 creates a relative angle between the two
walls 115 of about 90 degrees. Other relative angles may also
be used, primarily depending upon the cross-sectional configuration of the cell into which the neutron absorbing assembly 111 is to be inserted (e.g, triangular, pentagonal, hexagonal, etc,), Each wall has an absorption sheet 117, constructed
from a neutron absorbing material, and a guide sheet 119.
Since the walls may be minor images of each other, the
following addresses the configuration of only one of the
wails, with the understanding that the second wall may be
similarly configured. However, in one embodiment, one of
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the walls includes a locking feature, and one does not. In other
embodiments, both walls include a locking feature. In certain
embodiments, additional corner spines and walls may be
added to provide neutron absorption on more than two sides
of a cell.
[00291 The absorption sheet 117 is affixed to and extends
much the length of the comer spine 113, and it may extend the
entire length or only part of the length, depending upon the
requirements for neutron absorption within the cell, e.g., the
linear space within the cell occupied by the spent fuel rods.
The absorption sheet 117 may be affixed to the corner spine
113 using any suitable fastener, such as rivets. The bottom
edge 118 of the absorption sheet 117 has a skewed shape to
facilitate ease of insertion of the neutron absorbing assembly
111 into a cell of a fuel rack. Specifically, the bottom edge 118
of the absorption sheet 117 taper upward and away from the
corner spine 113.
[00301 The guide sheet 119 is affixed to only a top portion
of the absorption sheet 117 by suitable fasteners, such as
rivets, and the guide sheet 119 extends along less of a length
of the comer spine 113 than the absorption sheet 117. The
edge of the guide sheet 119 abuts up against the edge of the
corner spine 113 along a common edge 121 to help reduce the
overall thickness of the assembly. As shown in FIG. 1, the
absorption sheet extends along most of the length of the
corner spine 113, and the guide sheet 113 extends along a
short top portion of the comer spine 113. The difference in
lengths reflects the difference in functions between the
absorption sheet 117 and the guide sheet 119. Where the
absorption sheet 117 is included for neutron absorption, the
guide sheet 119 is included, at least to aid in guiding a spent
nuclear fuel assembly into the cell after the absorption assembly 111 is in place within the cell, to protect the top edge of the
absorption assembly from damage, to provide a support surface for a locking protuberance, and to provide a structure by
which the absorption assembly 111 may be supported during
installation into the cell.
[00311 The guide sheet also includes an extension portion
123 which extends over and above the top edge 125 of the
absorption sheet 117. This extension portion 123 provides a
surface to aid in guiding a spent fuel assembly into a cell in
which the absorption assembly is 111 placed. The extension
portion 123 also protects the top edge 125 of the absorption
sheet 117 from damage during the process of loading a spent
fuel assembly into the cell.
[00321 The top portion o f each absorption sheet 117
includes a cut-out 125, and a tab 127 (which is a locking
protuberance in the embodiment shown) extends from the
guide sheet 119, through the cut-out 125, and beyond the
outer surface of the absorption sheet 117. The tab 127
includes a lower part 129 affixed to the guide sheet, using any
suitable fastener, such as rivets, and an tipper part 131 which
is bent away from the guide sheet 119 to extend through the
cut-out 125. A locking protuberance may be formed in any
other manner to provide the same locking functionality as
described in connection with the tab herein. In addition, a
locking protuberance may be included on both the absorption
assembly 111 and the cell wall (See FIG. 6), or in other
embodiments it may be included on only one of the absorption assembly 111 and the cell wall.
[00331 A s seen in FIG. 5. one suspension aperture 135 is
included at the top of the corner spine 113, and one suspension aperture 137 is included in the extension portion 123 of
each guide sheet 119. These suspension apertures 135. 137
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are included to facilitate robotically placing the absorption
assembly 111 in a cell within a submerged storage system.
The shape and positioning of the suspension apertures is a
matter of design choice.
10034] A single cell 151 for receiving a spent nuclear fuel
assembly and an absorption assembly is shown in FIG. 6. Two
walls of the cell 151 each include a feature 153 near the top of
the cell wall 155, and the feature 153 is configured to engage
the absorption assembly to retain the absorption assembly
when the spent nuclear fuel assembly is removed from the
cell. This feature 153 may be an indentation, a cut-out, or a
protuberance, depending upon what type of corresponding
locking, feature is included on the absorption assembly. The
type of feature and its configuration are a matter of design
choice.
100351 A detailed cross-sectional view of the locking features of the absorption assembly 111 and the cell 151 are
shown in FIG. 7. As described above, the locking feature may
be a tab, and such a tab 127 is shown with its top portion 131
in locking engagement with a second tab 161, this second tab
161 being formed in the cell wall 155.
100361 When manufacturing the absorption assembly for a
fuel rack that has not yet been placed in service the order of
making the locking protuberances, the type of locking protuberance used, and even whether one or both of the cell wall
and the absorption assembly include a locking protuberance,
are anticipated to be variables that may be addressed by
design decisions for a particular configuration. However,
when retmfitting a fuel rack or cask that is already in use, and
a tab is used in the cell wall as a locking protuberance,
preferably the absorption assembly is first manufactured and
placed into the cell before the tab in the cell wall is created.
This permits maximization of space use within a pool or cask
by minimizing the space requirements of the absorption
assembly, because the tab effectively reduces the overall
nominal width of the cell.
[0037] When retrofitting an existing and in-use fuel rack or
cask, the tab 161 in the cell wall may be formed just above the
position of the tab in the absorption assembly as a half-shear
using a C-shaped tool which spans the extension portion 123
of the guide sheet 119. With such a tool, a double-acting
hydraulic cylinder may be used to push a wedge-shaped piece
of the tool into the cell wall, thereby creating the half-sheared
tab 161 extending toward the inner space of the cell.
100381 The cell 151 has an overall length L, and the comer
spine is configured to have approximately the same length, as
shown in FIG. 8. As shown, the comer spine 113 clears the top
157 of the cell wall 159 by a sufficient amount to make the
suspension aperture 135 of the corner spine 113 accessible,
even when the spent nuclear fuel assembly 159 is placed
within the cell 151. The length of the comer spine 113 is such
that the bottom edge 162 rests against the bottom 163 of the
cell 151. The absorption sheet 117 need not extend all the way
to the bottom 163 of the cell 151, as the length of the absorption sheet 117 may extend as far down into the cell as needed
so that it shields adjacent fuel assemblies from one another.
This is because adjacent spent nuclear fuel rods may not
extend the entire length of the cell either, and the length of the
absorption sheet 117 need only be as long as the spent nuclear
fuel rods within the spent nuclear fuel assembly 159, although
they may be longer if desired.
100391 Since there is a need to maximize space use within a
fuel pond or cask, it is desirable that the absorption assembly
111 take up as little room as possible in the cell of the fuel
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rack. To this end, the absorption sheets 117 are preferably
constructed of an aluminum boron carbide metal matrix composite material having a percentage of boron carbide greater
than 25%. While the addition of boron carbide particles to the
aluminum matrix alloy increases the ultimate tensile strength,
increases yield strength, and dramatically improves the
modulus of elasticity (stiffness) of the material, it also results
in a decrease in the ductility and fracture toughness of the
material compared to monolithic aluminum alloys.
[00401 The boron carbide aluminum matrix composite
material o f which the absorption sheets are constructed
includes a sufficient amount of boron carbide so that the
absorption sheets can effectively absorb neutron radiation
emitted from a spent fuel assembly, and thereby shield adjacent spent fuel assemblies in a fuel rack from one another. The
absorption sheets may be constructed of an aluminum boron
carbide metal matrix composite material that is about 20% to
about 40% by volume boron carbide. Of course, other percentages may also be used. The exact percentage of neutron
absorbing particulate reinforcement which is in the metal
matrix composite material, in order to make an effective
neutron absorber for an intended application, will depend on
a number of factors, including the thickness (i.e., gauge) of
the absorption sheets 107, the spacing between adjacent cells
within the fuel rack, and the radiation levels of the spent fuel
assemblies.
[00411 Other metal matrix composites having, neutron
absorbing particulate reinforcement may also he used.
Examples of such materials include, without limitation, stainless steel boron carbide metal matrix composite. Of course,
other metals, neutron absorbing particulate and combinations
thereof may be used including without limitation titanium
(metal) and carbonindum (neutron absorbing, particulate).
Suitable aluminum boron carbide metal matrix composites
are sold under the trade names Metamict and Boralyn®.
[00421 The center spine, the guide sheets, and the locking
protuberance may be formed from steel or other materials, or
they may alternatively be formed from nonmetallic materials.
[00431 When the locking protuberance is configured as a
tab affixed to the guide sheet of the absorption assembly, the
tab is preferably formed from a sheet of 301 stainless spring
steel, tempered to about 3/4 hard. In a preferred embodiment,
the tab is about 0.035 inches thick, about 0.7 inches wide, and
about 1.7 inches long, with the upper portion of the tab being
about 1.09 inches long and bent to extend beyond the outer
side of the absorption layer by between 0.125 inches to 0.254
inches. depending upon how thick the absorption layer is and
whether the absorption assembly is being placed over an
existing absorption layer within the cell. In the latter instance,
the tab should be configured so that the upper portion extends
beyond the existing absorption layer. The extent to which the
tab extends beyond the absorption layer is a matter of design
choice, as it depends upon several factors such as the type of
locking feature included on the cell wall, how much the tab
needs to deflect upon insertion, and how much removal force
the tab should be able to withstand. For example, with a tab
extending 0.125 inches beyond. the absorption layer, it may
be desirable to have the tab be able to deflect by approximately 0.124 inches upon insertion. Such a configuration is
anticipated to withstand at least a 200 lb removal force once
the tab is interlocked with a second tab formed in the cell wall.
It should be noted that the tab will remain in a substantially
deflected state once the absorption assembly is inserted into
cell wall.
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10044] While the invention has been described with respect
to specific examples including presently preferred modes of
carrying out the invention, those skilled in the art will appreciate that there are numerous variations and permutations of
the above described systems and techniques. It is to be understood that other embodiments may be utilized and structural
and functional modifications may be made without departing
from the scope of the present invention. Thus, the spirit and
scope of the invention should be construed broadly as set forth
in the appended claims.
What is claimed is:
1. A neutron absorbing apparatus for insertion into a fuel
cell storage system, the apparatus comprising:
a comer spine; and
a first wall and a second wall, each affixed to the corner
spine to form a chevron shape, wherein each wall comprises:
an absorption sheet comprising a metal matrix composite having neutron absorbing particulate reinforcement, the absorption sheet being affixed to the comer
spine; and
a guide sheet affixed to and covering an upper portion of
the absorption sheet and extending over a top of the
absorption sheet, wherein the absorption sheet
extends along, the comer spine along a greater length
than the guide sheet.
2. The apparatus of claim 1, wherein at least one of the first
wall and the second wall further comprises a locking protuberance coupled to the guide sheet and protruding through an
opening formed in the absorption sheet.
3. The apparatus of claim 2, wherein each locking protuberance is resiliently deflective by about 0.125 inch.
4. The apparatus of claim 2, wherein each locking protuberance protrudes past an outer surface of the absorption
sheet by between about 0.125 inch to 0.254 inch.
5. The apparatus of claim 2, wherein each locking protuberance comprises a tab.
6. The apparatus of claim 3, wherein each tab is formed
from 301 stainless steel, tempered to 3/4 hard.
7. A neutron absorbing apparatus for insertion into a fuel
cell storage system, the apparatus comprising:
a comer spine; and
a first wall and a second wall, each affixed to the comer
spine to form a chevron shape, wherein each wall comprises:
an absorption sheet affixed to the corner spine, the
absorption sheet comprising a metal matrix composite having neutron absorbing particulate reinforcement; and
a guide sheet affixed to the absorption sheet, the guide
sheet extending over a top of the absorption sheet, and
wherein at least one of the first wall and the second wall
further comprises a locking protuberance coupled to the
respective guide sheet and protruding through an opening formed in the respective absorption sheet.
8. The apparatus of claim 7, wherein the guide sheet is
affixed to and covers a fractional upper portion of the absorption sheet.
9. The apparatus of claim 7, wherein each locking protuberance comprises a tab.
10. The apparatus of claim 9, each tab haying a lower end
affixed to the respective guide sheet and an upper end protruding through the opening formed in the respective absorption sheet.
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11. The apparatus of claim 9. wherein the tab is formed
from 301 stainless steel, tempered to 3/4 hard.
12. The apparatus of claim 7, wherein each locking protuberance is resiliently deflective by about 0.125 inch.
13. The apparatus of claim 7, wherein each locking protuberance protrudes past an outer surface of the absorption
sheet by between about 0.125 inch to 0.254 inch.
14. A system for supporting spent nuclear fuel in a submerged environment comprising:
a fuel rack comprising an array of cells, each cell being
separated from each adjacent cell by a cell wall;
a fuel assembly positioned within a first cell of the array of
cells;
a neutron absorbing apparatus disposed in the first cell, the
neutron absorbing apparatus comprising:
a corner spine; and
a first wall and a second wall, each affixed to the corner
spine to fonn a chevron shape, wherein each wall
comprises:
an absorption sheet affixed to the comer spine, the
absorption sheet comprising a metal matrix composite having neutron absorbing particulate reinforcement; and
a guide sheet affixed to the absorption sheet, the guide
sheet extending over a top of the absorption sheet;
wherein at least one of a first cell wall, adjacent the first
wall or the second wall, and the first wall or the second
wall include a locking protuberance positioned to retain
the neutron absorbing apparatus in the first cell during
removal of the fuel assembly from the first cell.
15. The system of claim 14, wherein the guide sheet is
affixed to and covers a fractional upper portion of the absorption sheet.
16. The system of claim 14, wherein the locking protuberance is included on the first wall.
17. The system of claim 16, wherein the locking protuberance comprises a tab formed from 301 stainless steel, tempered to 3/4 hard.
18. The system of claim 14, wherein each locking protuberance is resiliently deflective by about 0.125 inch.
19. The system of claim 14, wherein each locking protuberance protrudes past an outer surface of the absorption
sheet by between about 0.125 inch to 0.254 inch.
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20.A method of retrofitting a spent nuclear fuel cell storage
system, the method comprising:
inserting a neutron absorbing, apparatus into one cell of an
array of cells, wherein each cell is separated from each
adjacent cell by a cell wall, the neutron absorbing apparatus comprising:
a corner spine; and
a first wall and a second wall, each affixed to the comer
spine to form a chevron Shape, wherein each wall
comprises:
an absorption sheet affixed to the comer spine, the
absorption sheet comprising a metal matrix composite having neutron absorbing particulate reinforcement; and
a guide sheet affixed to the absorption sheet, the guide
sheet extending over a top of the absorption sheet,
and
wherein at least one of the first wall and the second wall
further comprises a first locking protuberance
coupled to the respective guide sheet and protruding
through an opening formed in the respective absorption sheet; and
creating a second locking protuberance in a first cell wall
adjacent the neutron absorbing apparatus, wherein the
first locking protuberance and the second locking protuberance are positioned to interlock to retain the
neutron absorbing apparatus in the one cell.
21, The method of claim 20, wherein the guide sheet is
affixed to and covers a fractional upper portion of the absorption sheet.
22. The method of claim 20, wherein each locking protuberance comprises a tab.
23. The method of claim 22, each tab having a lower end
affixed to the respective guide sheet and an upper end protruding through the opening, formed in the respective absorption sheet.
24. The method of claim 20, wherein the tab is formed from
301 stainless steel, tempered to 3/4 hard.
25. The method of claim 20, wherein each locking protuberance is resiliently deflective by about 0.125 inch.
26. The method of claim 20, wherein each locking protuberance protrudes past an outer surface of the absorption
sheet by between about 0.125 inch to 0.254 inch.

