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designed ring-like structure for providing neutron and
gamma radiation shielding for high level radioactive mate
rials that produce residual heat. In another aspect, the
invention is an apparatus for storing radioactive Waste

comprising a plurality of the ring-like structures arranged in
a stacked assembly that completely surrounds an internal

Related US. Application Data

(60)

An apparatus, system and method for storing high level
radioactive Waste. In one aspect, the invention is a specially

containment boundary. Collars can be provided at the ring
to-ring interfaces. The ring-like structures can have specially

Provisional application No. 60/818,100, ?led on Jun.

geometrically designed and/or arranged voids for receiving

30, 2006. Provisional application No. 60/837,956,

neutron absorbing materials that completely surrounds the
containment boundary With the neutron shielding material.

?led on Aug. 16, 2006.
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NEUTRON SHIELDING RING, APPARATUS AND
METHOD USING THE SAME FOR STORING
HIGH LEVEL RADIOACTIVE WASTE

the SNP is loaded directly into a cavity formed by the cask

body. A basket assembly is typically provided Within the
cavity itself to provide support for the SNP rods. As With the
VVOs, the body of the thermally conductive cask is

CROSS-REFERENCE TO RELATED
APPLICATIONS

designed to provide the necessary gamma and neutron
radiation shielding for the SNF. In contrast to VVOs, hoW

[0001] The present application claims the bene?t of US.

heat that emanates from the internally stored SNF, thermally

Provisional Patent 60/818,100, ?led Jun. 30, 2006 and US.

Provisional Patent 60/827,956, ?led Aug. 16, 2006, the
entireties of Which are hereby incorporated by reference.
FIELD OF THE INVENTION

[0002] The present invention relates generally to appara
tus, systems and methods for transferring, supporting and/or
storing high level Waste (“HLW”), and speci?cally to con
tainers and components thereof for transferring, supporting
and/or storing radioactive materials, such as spent nuclear
fuel.

ever, Which utiliZe natural convective forces to remove the

conductive casks utiliZe thermal conduction to cool the SNF.

More speci?cally, the cask body itself is designed to lead the
heat aWay from the SNP via thermal conduction. In a typical

thermally conductive cask, the cask body is made of steel or
another metal having high thermal conductivity. As a result,
the heat emanating from the SNP is conducted outWardly
from the cavity and through the cask body until it reaches the
outer surface of the cask body. This heat is then removed
from the outer surface of the cask body by the convective
forces of the ambient air.
[0007] In some instances, the use of VVOs is either not
referred and/or unnecessary. This may be due to the heat

BACKGROUND OF THE INVENTION

load of the subject SNF, the existing set-up/design of the

[0003] In the operation of nuclear reactors, it is customary

nuclear regulations of the country in Which the storage

to remove fuel assemblies after their energy has been

depleted to a predetermined level. Upon removal, this spent
nuclear fuel (“SNF”) is still highly radioactive and produces
considerable heat, requiring that great care be taken in its

storage facility at Which the SNP is to be stored and/or the

facility is located. HoWever, existing designs of thermally
conductive casks suffer from a number of draWbacks,

including Without limitation: (1) less than optimal heat
removal; and (2) vulnerability to the escape of substantial

packaging, transporting, and storing. Speci?cally, SNF
emits extremely dangerous neutrons (i.e., neutron radiation)
and gamma photons (i.e., gamma radiation).

radiation (i.e., shine). Additionally, existing methods of
manufacture and designs of thermally conductive casks

[0004] It is imperative that these neutrons and gamma
photons be contained at all times during transfer and storage

manufacturing facility.

of the SNF. It also imperative that the residual heat ema
nating from the SNP be lead aWay and escape from the SNP
to avoid a critical event. Thus, containers used to transfer
and/or store SNF must not only safely enclose and absorb

the radioactivity of the SNF, they must also alloW for
adequate cooling of the SNF. Such transfer and/or storage
containers are commonly referred to in the art as casks.

alloW little to no ?exibility in altering cask dimensions
Without a total redesign of the cask and/or retooling of the

SUMMARY OF THE INVENTION

[0008]

These and other de?ciencies are remedied by the

present invention. In one aspect, the invention is based on a

specially designed radiation shielding ring that surrounds the
cavity of a containment boundary in Which the HLW, such
as SNF rods, is to be stored and/or transported. The con

[0005] Generally speaking, there are tWo types of casks
used for the transportation and/ or storage of SNF, ventilated

tainment boundary can be formed by any suitable container,
including Without limitation a multi-purpose canister, a cask,

vertical overpacks (“VVOs”) and thermally conductive

ventilated vertical overpack or other structure. The contain

casks. VVOs typically utiliZe a sealable canister that is
loaded With SNP and positioned Within a cavity of the VVO.
Such canisters often contain a basket assembly for receiving
the SNF. An example of a canister and basket assembly
designed for use With a W0 is disclosed in US. Pat. No.

ment boundary preferably provides radioactive shielding

5,898,747 (Singh), issued Apr. 27, 1999, the entirety of
Which is hereby incorporated by reference. The body of a
W0 is designed and constructed to provide the necessary
gamma and neutron radiation shielding for the SNP loaded
canister. In order to cool the SNP Within the canister, VVOs
are provided With ventilation passageWays that alloW the
cool ambient air to How into the cavity of the W0 body,
over the outer surface of the canister and out of the cavity as
War'med air. As a result, the heat emanated by the SNP Within
the canister is removed by natural convection forces. One
example of a W0 is disclosed in US. Pat. No. 6,718,00

(Singh et al.), issued Apr. 6, 2004, the entirety of Which is

hereby incorporated by reference.
[0006] The second type of casks are thermally conductive
casks. In comparison to VVOs, thermally conductive casks
are non-ventilated. In a typically thermally conductive cask,

and retains all particulate matter present therein. The radia

tion shielding ring provides improved gamma and neutron

radiation shielding properties While facilitating improved
cooling of the HLW inside the cavity by effectively con
ducting heat aWay from the HLW. The radiation shielding
ring is preferably designed so that a plurality of the radiation
shielding rings can be arranged in a stacked assembly that
surrounds the height of the cavity. Collars are preferably
provided at the interfaces formed betWeen adjacent radiation
shielding rings in the stacked assembly to prevent shine and

improve radiation shielding.
[0009] In some embodiments, the inventive radiation
shielding ring can also comprise a plurality of voids for
receiving a neutron radiation absorbing material. It is pre
ferred that the geometric layout of the voids Within the

radiation shielding ring be specially designed so that irre
spective of the circumferential orientation (i.e., rotation
position) of the radiation shielding rings in the stacked
assembly, all of the voids of the radiation shielding rings are
in spatial communication With all of the voids of the adjacent

Apr. 10, 2008

US 2008/0084958 A1

radiation shielding ring(s). As a result, neutron absorbing
material can be ?oWed into the voids of the uppermost

radiation shielding ring in the stacked assembly and ?ll all
of the voids of the remaining radiation shielding rings in the
stacked assembly. This can be done Without Worrying about
the circumferential/rotational orientation of the radiation
shielding rings With respect to one another.

[0010] In other embodiments, it may also be preferred that
the geometric layout of the voids Within the radiation
shielding rings be specially designed so that a straight line
does not exist radially from the cavity to the external

atmosphere through the radiation shielding ring Without
passing through at least one of the voids (Which is to be ?lled
With a neutron radiation absorbing material). This design
feature improves the containment of the neutron radiation

emanating from HLW inside the cavity While still facilitating
removal of heat from the HLW by conduction through the
ring-like structure.

outer surface of the tubular shell. In this embodiment, the
collar Will preferably comprise the ?rst riser surface of an

adjacent ring-like structure.
[0015] The ring-like structures can comprise a plurality of
voids that extend from the top surfaces of the ring-like
structures to the bottom surface of the ring-like structures.

As discussed above, the voids are preferably siZed, shaped
and arranged on the ring-like structures so that all of the
voids of one of the ring-like structures are in spatial com

munication With all of the voids of the tWo adjacent ring-like
structures When in the stacked assembly.
[0016]

The ring-like structures can comprise an outer Wall,

a middle Wall and an inner Wall. In this embodiment, the
middle Wall is located betWeen the inner Wall and the outer

Wall in a spaced relation, such as concentric. The ring-like
structures can further comprise a ?rst set of ?ns connecting
the inner Wall to the middle Wall and a second set of ?ns

[0011] With respect to the radiation shielding ring, the

connecting the middle Wall and the outer Wall. Most pref
erably, the ?rst and second set of ?ns are circumferentially

invention can take on a Wide variety of aspects. For example,

offset from one another so that a radial path does not exist

the invention can be the radiation shielding ring itself and/or

in the ring-like structures from the inner Wall to the outer
Wall Without passing through one of the voids. In such a
set-up, a void is located betWeen each of the ?ns of the ?rst
and second set of ?ns.

a container that utiliZes one or more of the radiation shield

ing rings. In other examples, the invention can be a method
of manufacturing the radiation shielding ring or a method of
manufacturing a container that utiliZes one or more of the

radiation shielding rings. Still other examples include, a
method of storing and cooling radioactive materials that
produce a residual heat load and give off dangerous levels of
neutron and gamma radiation. A number of embodiments of
the invention that are based on the radiation shielding ring
are set forth beloW With an understanding that those skilled
in the art Will understand that other embodiments of the
invention exist.
[0012]

In one embodiment, the invention can be an appa

ratus for transporting and/or storing radioactive materials
comprising: a tubular shell having an outer surface and an

inner surface forming a cavity for receiving the radioactive
materials, the cavity having an open top end and a closed
bottom end, the tubular shell having a height; a plurality of
ring-like structures comprising an inner surface forming a

central passageWay extending axially through the ring-like
structure, the ring-like structures surrounding the outer sur
face of the tubular shell in a stacked orientation, the tubular

shell extending through the central passageWays of the
ring-like structures; and a collar connected to one or more of

the ring-like structures and extending beyond a top or
bottom surface of the ring-like structure to Which the collar
is connected, the collar surrounding the central passageWay
of the ring-like structure to Which the collar is connected and
extending into a channel on an adjacent ring-like structure.

[0017] A neutron radiation absorbing material preferably
?lls the voids. It is also preferred that the shell, the ring-like
structure and the collar be constructed of a gamma radiation

absorbing material. The apparatus may also comprise a base
made of a gamma radiation absorbing material. In this

embodiment, the tubular shell is preferably positioned atop
the base in a substantially vertical orientation. A lid assem

bly can be provided that substantially encloses the open end
of the tubular shell. The lid assembly is preferably con
structed of a gamma radiation absorbing material and is a

non-unitary and removable structure With respect to the
tubular shell and the ring-like structures.

[0018]

The ring-like structures are preferably constructed

of a material that expands When heated. Mo st preferably, the
horiZontal cross-sectional pro?les of the central passage
Ways of the ring-like structures are siZed so that When the
ring-like structures are at ambient temperature, the inner

surfaces of the ring-like structure compresses against the
outer surface of the tubular shell. HoWever, When the
ring-like structures are super-heated, the central passage
Ways are slightly larger than the horiZontal cross-sectional
pro?le of the outer surface of the tubular shell. This facili
tates ease of manufacturing When sliding the ring-like struc
tures over the shell and ensures that the ring-like structures
are in continuous surface contact With the shell, Which

facilitates heat removal by conduction. The superheating

[0013] It is preferred that all of the ring-like structures in
the stack, except for the loWer-most ring-like structure,

would affect the metallurgical properties of the material

comprise one of the collars. Preferably, the apparatus com
prises at least three or more of the ring-like structures.

(e.g., metal) of Which the ring-like structures are con
structed. In one embodiment, the superheating is conducted

[0014] The inner surfaces of the ring-like structures, in

should be controlled so as to not reach a temperature that

at a temperature of 600 degrees Fahrenheit or less.

some embodiments, can be a stepped surface having a ?rst
riser surface, a tread surface and a second riser surface. The
?rst riser surface is preferably in contact With the outer
surface of the tubular shell While the second surface is

[0019] It is further preferred that the apparatus further
comprise a basket assembly having a honeycomb-like grid
that forms a plurality of substantially vertically oriented
elongated cells. Most preferably, the basket assembly com

preferably spaced from the outer surface of the tubular shell,
thereby forming the channel for receiving the collar betWeen

prises one or more ?ux traps and is positioned Within the
cavity. The basket assembly can be constructed of a metal

the second riser surface of the ring-like structure and the

matrix composite material.

Apr. 10, 2008

US 2008/0084958 A1

[0020]

The tubular shell can be cylindrical in shape in

some embodiments. As a result, the inner Wall of the tubular
shell Will have a circular horizontal cross-sectional pro?le.
In one embodiment, the basket assembly may have a hori

Zontal cross-sectional pro?le having a perimeter that is not
circular in shape. In such a situation, the apparatus Will
preferably further comprise a spacer having an inner surface
forming a central passageway through the spacer and an
outer surface. The spacer preferably has a horiZontal cross

sectional pro?le having an internal perimeter formed by the
inner surface of the spacer and a circular external perimeter
formed by the outer surface of the spacer. The internal

perimeter of the horiZontal cross-sectional pro?le of the
spacer preferably corresponds in shape to the perimeter of
the horiZontal cross-sectional pro?le of the basket assembly.
The circular external perimeter formed by the outer surface
of the spacer is preferably slightly smaller than the circular
horiZontal cross-sectional pro?le of the inner Wall of the
tubular shell. The spacer is positioned in the cavity so that

the basket assembly extends through the central passageWay
of the spacer. In other Words, the spacer surrounds the basket
assembly. In one embodiment, a plurality of the spacers are
provided and arranged in a vertically stacked orientation so
as to surround substantially the entire height of the basket

assembly.
[0021]

In another embodiment, the invention can be an

[0023] In still another embodiment, the invention can be
an apparatus for transporting and/or storing radioactive
materials having a residual heat load comprising: a tubular
shell constructed of a gamma radiation shielding material
and having an outer surface and an inner surface forming a

cavity for receiving the radioactive materials; a base con
structed of a gamma radiation shielding material, the tubular
shell connected atop the base in a substantially vertical
orientation, the cavity having an open top end and a closed
bottom end; a plurality of ring-like structures constructed of
a gamma radiation absorbing material and having an inner
surface, a top surface, and a bottom surface, the inner
surface forming a central passageWay through the ring-like
structures; the plurality of ring-like structures arranged in a
stacked assembly around the outside surface of the tubular
shell so that a ring-to-ring interface is formed betWeen the

top and bottom surfaces of adjacent ring-like structures in
the stacked assembly, the tubular shell extending through the
central passageWays of the plurality of ring-like structures;
the plurality of ring-like structures adapted to provide neu
tron radiation shielding for radioactive materials in the
cavity; and for each ring-to-ring interface present in the
stacked assembly, a collar constructed of gamma radiation

absorbing material surrounding the cavity at the ring-to-ring
interface, the collar extending above and beloW the ring-to
ring interface.

apparatus for transporting and/or storing radioactive mate

[0024]

rials having a residual heat load comprising: a tubular shell
constructed of a gamma radiation shielding material and

apparatus for providing neutron and gamma radiation shield

having an outer surface and an inner surface forming a

by an inner surface of a tubular shell having an outer surface

cavity for receiving the radioactive materials; a base con
structed of a gamma radiation shielding material, the tubular
shell connected atop the base in a substantially vertical
orientation, the cavity having an open top end and a closed
bottom end; a plurality of ring-like structures constructed of
a gamma radiation shielding material and having an inner
surface, a top surface, and a bottom surface, the inner
surface forming a central passageWay that extends through

and a height, the apparatus comprising: a ring-like body

the ring-like structure; the plurality of ring-like structures

In a further embodiment, the invention can be an

ing for radioactive materials positioned in a cavity formed
comprising a top surface, a bottom surface and an inner

surface forming a central passageWay that extends axially
through the ring-like body, the central passageWay siZed to
surround the outer surface of the tubular shell; the ring-like
body constructed of a gamma radiation shielding material
and comprising a collar protruding from either one of the top
or bottom surfaces, the collar surrounding the central pas
sageWay; the ring-like body adapted so that When tWo of the

comprising a channel in either one of the top or bottom
surfaces and a collar protruding from the other one of the top

ring-like bodies are stacked atop one another so that the

or bottom surfaces, the collar and the channel surrounding
the central passageWay; the plurality of ring-like structures
comprising a series of voids for receiving a neutron radiation

the bottom surface of one of the ring-like bodies forms a
ring-to-ring interface With the top surface of the other one of

shielding material, the voids surrounding the central pas
sageWay; and the plurality of ring-like structures arranged in

bodies extending beyond the ring-to-ring interface.

a stacked assembly so that the collars of the ring-like
structures extend into the channel of an adjacent ring-like

[0025]

structure, the tubular shell extending through the central
passageWays of the plurality of ring-like structures.
[0022] In yet another embodiment, the invention can be an
apparatus for providing neutron and gamma radiation shield

ing for radioactive materials that produce residual heat
comprising: a ring-like body comprising a top surface, a
bottom surface and an inner surface forming a central

passageWay that extends axially through the ring-like body;
the ring-like body constructed of a gamma radiation shield
ing material and comprising a channel in either one of the
top or bottom surfaces and a collar protruding from the other
one of the top or bottom surfaces, the collar and the channel

surrounding the central passageWay; and the ring-like body
comprising a series of voids for receiving a neutron radiation

shielding material, the voids surrounding the central
passageway.

central passageWays of the tWo-ring like bodies are aligned,

the ring-like bodies, and the collar of one of the ring-like
In another aspect, the invention is based on a spacer

apparatus that is designed to be positioned in the storage
cavity of a container betWeen the fuel basket assembly and
the body of the container. Similar to the radiation shielding
ring, the spacer device is also preferably a ring-like struc
ture. HoWever, its function and positioning Within an HLW
container is different.

[0026] The geometry of the spacer apparatus is specially
designed to surround the fuel basket assembly and maintain
the proper placement of the fuel basket Within the storage
cavity of the container. Additionally, the geometry and
material of construction of the spacer apparatus maximiZes
the conduction of heat aWay from HLW positioned in the
basket assembly. Furthermore, for ease of manufacturing
and installation, the spacer apparatus can comprise a plu
rality of identical segments that are designed to be arranged
in a stacked assembly that surrounds the entire height
of the basket.

