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METHOD OF STORING HIGH LEVEL
RADIOACTIVE WASTE
CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS
[00011 The present application is a continuation of U.S.
patent application Ser. No. 13/094,498, filed Apr. 26, 2011,
now U.S. Pat. No. 8,351,562, which in turn is a continuation
of U.S. patent application Ser. No. 11/953,207, filed Dec. 10,
2007, now U.S. Pat. No. 7,933,374, which in turn is a continuation of-LS. patent application Ser. No. 11/123.590, filed
May 6, 2005, now U.S. Pat. No. 7,330,526, which in turn
claims the benefit of U.S. Provisional Patent Application
60/665,108, filed Mar. 25, 2005 and U.S. Provisional Patent
Application 60/671,552, filed Apr. 15, 2005, the entireties of
which are hereby incorporated by reference.
FIELD OF THE INVENTION
100021 The present invention relates generally to the field of
storing high level waste ("HLW"), and specifically to methods for storing HLW. such as spent nuclear fuel, in ventilated
vertical modules.
BACKGROUND OF THE INVENTION
[00031 The storage, handling, and transfer of HLW, such as
spent nuclear fuel, requires special care and procedural safeguards. For example, in the operation of nuclear reactors, it is
customary to remove fuel assemblies after their energy has
been depleted down to a predetermined level. Upon removal,
this spent nuclear fuel is still highly radioactive and produces
considerable heat, requiring that great care be taken in its
packaging, transporting, and storing, in order to protect the
environment from radiation exposure, spent nuclear fuel is
first placed in a canister. The loaded canister is then transported and stored in large cylindrical containers called casks.
A transfer cask is used to transport spent nuclear fuel from
location to location while a storage cask is used to store spent
nuclear fuel for a determined period of time.
[00041 I n a typical nuclear power plant, an open empty
canister is first placed in an open transfer cask. The transfer
cask and empty canister are then submerged in a pool of
water. Spent nuclear fuel is loaded into the canister while the
canister and transfer cask remain submerged in the pool of
water. Once fully loaded with spent nuclear fuel, a lid is
typically placed atop the canister while in the pool. The transfer cask and canister are then removed from the pool of water,
the lid of the canister is welded thereon and a lid is installed on
the transfer cask. The canister is then properly dewatered and
tilled with inert gas. The transfer cask (which is holding the
loaded canister) is then transported to a location where a
storage cask is located. The loaded canister is then transferred
from the transfer cask to the storage cask for long term storage. During transfer from the transfer cask to the storage cask,
it is imperative that the loaded canister is not exposed to the
environment.
100051 One type of storage cask is a ventilated vertical
overpack ("VVO"). A VVO is a massive structure made principally from steel and concrete and is used to store a canister
loaded with spent nuclear fuel (or other HLW). VVOs stand
above, ground and are typically cylindrical in shape and
extremely heavy, weighing over 150 tons and often having a
height greater than 16 feet. VVOs typically have a flat bottom,
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a cylindrical body having a cavity to receive a canister of
spent nuclear fuel, and a removable top lid.
[0006] I n using a VVO to store spent nuclear fuel, a canister
loaded, with spent nuclear fuel is placed in the cavity of the
cylindrical body of the VVO. Because the spent nuclear fuel
is still producing a considerable amount of heat when it is
placed in the VVO for storage, it is necessary that this heat
energy have a means to escape from the VVO cavity. This heat
energy is removed from the outside surface of the canister by
ventilating the VVO cavity, in ventilating the VVO cavity,
cool air enters the VVO chamber through bottom ventilation
ducts, flows upward past the loaded canister, and exits the
VVO at an elevated temperature through top ventilation
ducts. The bottom and top ventilation ducts of existing VVOs
are located circumferentially near the bottom and top of the
VVOs cylindrical body respectively, as illustrated in FIG. 1.
100071 While it is necessary that the VVO cavity be vented
so that heat can escape from the canister, it is also imperative
that the VVO provide adequate radiation shielding and that
the spent nuclear fuel not be directly exposed to the external
environment. The inlet duct located near the bottom of the
overpack is a particularly vulnerable source of radiation
exposure to security and surveillance personnel who, in order
to monitor the loaded overpacks, must place themselves in
close vicinity of the ducts for short durations.
100081 Additionally, when a canister loaded with spent
nuclear fuel is transferred from a transfer cask to a storage
VVO, the transfer cask is stacked atop the storage VVO so
that the canister can be lowered into the storage VVO' s cavity.
Most casks are very large structures and can weigh up to
250,000 lbs. and have a height of 16 ft. or more. Stacking a
transfer cask atop a storage VVO/cask requires a lot of space,
a large overhead crane, and possibly a restraint system for
stabilization. Often, such space is not available inside a
nuclear power plant. Finally, above ground storage WOs
stand at least 16 feet above ground, thus, presenting a sizable
target of attack to a terrorist.
100091 FIG. 1 illustrates a traditional prior art VVO 2. Prior
art VVO 2 comprises flat bottom 17, cylindrical body 12, and
lid 14. Lid 14 is secured to cylindrical body 12 by bolts 18.
Bolts 18 serve to restrain separation of lid 14 from body 12 if
prior art VVO 2 were to tip over. Cylindrical body 12 has top
ventilation ducts 15 and bottom ventilation ducts 16. Top
ventilation ducts 15 are located at or near the top of cylindrical
body 12 while bottom ventilation ducts 16 are located, at or
near the bottom of cylindrical body 12. Both bottom ventilation ducts 16 and top ventilation ducts 15 are located around
the circumference of the cylindrical body 12. The entirety of
prior art VVO 2 is positioned above grade.
100101 As understood by those skilled in the art, the existence of the top ventilation ducts 15 and/or the bottom ventilation ducts 16 in the body 12 of the prior art VVO 2 require
additional safeguards during loading procedures to avoid
radiation shine.
SUMMARY OF THE INVENTION
[0011] I t is an object of the present invention to provide a
system and method for storing HLW that reduces the height of
the stack assembly when a transfer cask is stacked atop a
storage VVO.
100121 It is another object of the present invention to provide a system and method for storing HLW that requires less
vertical space.
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[00131 Yet another object of the present invention is to
provide a system and method for storing HEW that utilizes the
radiation shielding properties of the subgrade during storage
while providing adequate ventilation of the high level waste.
[00141 A further object of the present invention is to provide a system and method for storing HLW that provides the
same or greater level of operational safeguards that are available inside a fully certified nuclear power plant structure.
[00151 A still further object of the present invention is to
provide a system and method for storing HLW that decreases
the dangers presented by earthquakes and other catastrophic
events and virtually eliminates the potential of damage from
a World Trade Center or Pentagon type of attack on the stored
canister.
[00161 I t is also an object of the present invention to provide
a system and method for storing HLW that allows for an
ergonomic transfer of the HLW from a transfer cask to a
storage container.
[00171 Another object of the present invention is to provide
a system and method for storing HLW below or above grade,
[00181 Yet another object of the present invention is to
provide a system and method of storing HEW that reduces the
amount of radiation emitted to the environment.
[00191 Still another object of the present invention is to
provide a system and method of storing I ILW that eliminates
the dangers of radiation shine during loading procedures and/
or subsequent storage.
[00201 A still further object of the present invention is to
provide a system and method of storing HEW that locates
openings for both the inlet and outlet vents in a removable lid.
[00211 A yet further object of the present invention is to
provide a system and method of storing HLW that leads to
convenient manufacture and site construction.
[00221 These and other objects are met by the present
invention which, in some embodiments, is a system for storMg high level waste comprising: an inner shell forming a
cavity for receiving high level waste, the cavity having a top
and a bottom; an outer shell surrounding the inner shell so as
to firm a space between the inner shell and the outer shell; at
least one opening in the inner shell at or near the bottom of the
cavity, the at least one opening forming a passageway from
the space into the cavity; a lid positioned atop the inner and
outer shells, the lid having at least one inlet vent forming a
passageway from an ambient atmosphere to the space and at
least one outlet vent forming a passageway from the cavity to
the ambient atmosphere. Depending on the exact storage
needs, the apparatus can be adapted for either above or below
grade storage of high level waste.
[00231 I n other embodiments, the invention is a method of
storing high level waste comprising: (a) providing an apparatus comprising an inner shell forming a cavity having a top
and a bottom, an outer shell concentric with and surrounding
the inner shell so as to form a space therebetween, and at least
one opening in the inner shell at or near the bottom of the
cavity, the at least one opening forming a passageway from
the space into the cavity; (b) placing a canister of high level
waste into the cavity; (c) providing a lid having at least one
inlet vent and at least one outlet vent: (d) positioning the lid
atop the inner and outer shells so that the at least one inlet vent
forms a passageway from an ambient atmosphere to the space
and the at least one outlet vent forms a passageway from the
cavity to the ambient atmosphere; and (e) cool air entering the
cavity via the at least inlet vent and the space, the cool air
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being warmed by the canister of high level waste, and exiting
the cavity via the at least one outlet vent in the lid.
10024] I n still other embodiments, the invention is a system
for storing high level waste comprising: an inner shell forming a cavity for receiving high level waste, the cavity having
a top and a bottom; an outer shell surrounding the inner shell
so as to form a space between the inner shell and the outer
shell; a floor plate, the inner and outer shells positioned atop
and connected to the floor plate: and at least one opening in
the inner shell at or near the bottom of the cavity, the at least
one opening fonning a passageway from the space into the
cavity.
10025] I n yet another embodiment, the invention can be a
system for storing high level radioactive waste comprising: an
outer shell having an open top end and a hermetically closed
bottom end; an inner shell forming a cavity, the inner shell
positioned inside the outer shell so as to form a space between
the inner shell and the outer shell; at least one passageway
connecting the space and a bottom portion of the cavity: at
least one passageway connecting an ambient atmosphere and
a top portion of the space; a lid positioned atop the inner shell,
the lid having at least one passageway connecting the cavity
and the ambient atmosphere; and a seal between the lid and
the inner shell so at form a hermetic lid-to-inner shell interface.
10026] I n still another embodiment, the invention can be a
system for storing high level radioactive comprising: a metal
plate; a first metal tubular shell having a top end and a bottom
end, the metal plate connected to the bottom end of the first
metal tubular shell so as to hermetically close the bottom end
of the first metal tubular shell; a second metal tubular shell
forming a cavity, the second metal tubular shell positioned
within the first metal tubular shell so as to form a space
between the first metal tubular shell and the second metal
tubular shell; at least one opening in the second tubular shell
that forms a passageway connecting the space and a bottom
portion of the cavity, a lid comprising a plug portion and a
flange portion surrounding the plug portion, the plug portion
extending into the cavity and the flange portion resting. atop
the inner shell and the outer shell; at least one passageway
connecting the cavity and the ambient atmosphere: and at
least one passageway connecting the space and the ambient
atmosphere.
10027] I n a further embodiment, the invention can also be a
system for storing high level radioactive comprising: a metal
plate; a first metal tubular shell having a top end and a bottom
end, the metal plate seal welded to the bottom end of the first
metal tubular shell so as to hermetically close the bottom end
of the first metal tubular shell; a second metal tubular shell
forming a cavity and having a top end and a bottom end
having at least one cutout; and the second metal tubular shell
located within the first metal tubular shell so as to form an
annular space between the first metal tubular shell and the
second metal tubular shell, the at least one cutout forming a
passageway comtecting the space and a bottom portion of the
cavity.
10028] I n a still further embodiment, the invention can be a
method of storing high level radioactive waste comprising:
(a) providing a container comprising an outer shell having an
open top end and a hermetically closed bottom end, an inner
shell forming a cavity, the inner shell positioned within the
outer shell so as to form a space between the inner shell and
the outer shell, and at least one opening in the inner shell that
connects the space and a bottom portion of the cavity: (b)
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lowering a hermetically sealed canister holding high level
radioactive waste into the cavity via the open top end; (c)
providing a lid having at least one inlet vent and at least one
outlet vent; (d) positioning a lid atop the inner and outer shells
so that the at least one inlet vent forms a passageway from an
ambient atmosphere to the space and the at least one outlet
vent forms a passageway from the cavity to the ambient
atmosphere, the lid substantially enclosing the open top end;
and (e) cool air entering the cavity via the at least outlet vent
and the space, the cool air being warmed by the canister of
high level waste, and exiting the cavity via the at least one
outlet vent in the lid.
[00291 I n a yet further aspect, the invention can be a method
of storing high level radioactive waste comprising: (a) providing a body portion comprising a floor, an open top end, an
inner shell extending upward from the floor and forming a
cavity, an outer shell extending upward from the floor and
surrounding the inner shell so as to form a space therebetween, and at least one opening in the inner shell that forms a
passageway from a bottom of the space into a bottom of the
cavity; (b) placing a canister containing high level radioactive
waste into the cavity; and (c) positioning a lid having at least
one outlet vent atop the inner and outer shells so as to enclose
the open top end of the body portion and the at least one outlet
vent forms a passageway from a top of the cavity to the
ambient atmosphere; and wherein at least one inlet vent forms
a passageway from an ambient atmosphere to a top of the
space to facilitate natural convective cooling of the canister
containing high level radioactive waste.
BRIEF DESCRIPTION OF THE DRAWINGS
[00301 FIG. 1 is a top perspective view of a prior art WO.
[00311 FIG. 2 a top perspective view of a HLW storage
container according to an embodiment of the present invention.
[00321 FIG. 3 is a sectional view of the HLW storage container of FIG. 2.
[0033] F I G . 4 is a sectional view of a lid according to an
embodiment of the present invention removed front the HLW
storage container of FIG. 2.
[00341 FIG. 5 is a bottom perspective view of the lid of FIG.
4 according to an embodiment of the present invention.
[00351 FIG. 6 is a sectional view of the HLW storage container of FIG. 2 positioned for the below grade storage of
HLW.
[00361 FIG. 7 is a top view of the HLW storage container of
FIG. 6.
[00371 FIG. 8 is a sectional view of the HLW storage container of FIG. 6 having a canister of HLW positioned therein
for storage.
[00381 FIG. 9 is a perspective view of an ISFSI utilizing, an
array of HLW storage containers according, to an embodiment of the present invention.
DETAILED DESCRIPTION OF THE DRAWINGS
[00391 FIG. 2 illustrates a high level waste ("HLW") storage container 100 designed according to an embodiment of
the present invention. While the HLW storage container 100
will be described, in terms of being used to store a canister of
spent nuclear fuel, it will be appreciated by those skilled in the
art that the systems and methods described herein can be used
to store any and all kinds of HLW.
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10040] The HLW storage container 100 is designed to be a
vertical, ventilated dry system for storing HLW such as spent
fuel. The HLW storage container 100 is fully compatible with
100 ton and 125 ton transfer casks for HLW transfer procedures. such as spent fuel canister transfer operations. All
spent fuel canister types engineered, for storage in free-standing, below grade, andJor anchored overpack models can be
stored in the HLW storage container 100.
10041] A s used herein the term "canister" broadly includes
any spent fuel containment apparatus, including, without
limitation, multi-purpose canisters and thermally conductive
casks. For example, in some areas of the world, spent fuel is
transferred and stored in metal casks having a honeycomb
grid-work/basket built directly into the metal cask. Such
casks and similar containment apparatus qualify as canisters,
as that term is used herein, and can be used in conjunction
with the HLW storage container 100 can as discussed below.
10042] The HLW storage container 100 can be modified/
designed to be compatible with any size or style of transfer
cask. The HLW storage container 100 can also be designed to
accept spent fuel canisters for storage at an Independent
Spent Fuel Storage Installations ("ISFSI"), ISFSIs employing the HLW storage container 100 can be designed to accommodate any number of the HLW storage container 100 and
can be expanded to add additional HLW storage containers
100 as the need arises. In ISFS1s utilizing a plurality of the
HEW storage container 100, each HLW storage container 100
functions completely independent form any other HLW storage container 100 at the ISFSI.
10043] The HLW storage container 100 comprises a body
portion 20 and it lid 30. The body portion 20 comprises a floor
plate 50. The floor plate 50 has a plurality of anchors 51
mounted thereto for securing the HLW storage container
HLW to a base, floor, or other stabilization structure. The lid
30 rests atop and is removable/detachable from the body
portion 20. As will be discussed in greater detail below. the
HEW storage container 100 can be adapted for use as an
above or below grade storage system.
10044] Referring now to FIG. 3, the body portion 20 comprises an outer shell 21 and an inner shell 22. The outer shell
21 surrounds the inner shell 22, forming a space 23 therebetween. The outer shell 21 and the inner shell 22 are generally
cylindrical in shape and concentric with one another. As a
result, the space 23 is an annular space. While the shape of the
inner and outer shells 22, 21 is cylindrical in the illustrated
embodiment, the shells can take on any shape, including
without limitation rectangular, conical, hexagonal, or irregularly shaped. In some embodiments, the inner and outer shells
22, 22 will not be concentrically oriented.
[0045] A s will be discussed in greater detail below, the
space 23 formed between the inner shell 22 and the outer shell
21 acts as a passageway for cool air. The exact width of the
space 23 for any HLW storage container 100 is determined,
on a cases-by-case design basis, considering such factors as
the heat load of the HLW to be stored, the temperature of the
cool ambient air, and the desired fluid flow dynamics In some
embodiments, the width of the space 23 will be in the range of
1 to 6 inches. While the width of space 23 can vary circumferentially, it may be desirable to design the HLW storage
container 100 so that the width of the space 23 is generally
constant in order to effectuate symmetric cooling of the HLW
container and even fluid flow of the incoming air.
10046] The inner shell 22 and the outer shell 21 are secured
atop floor plate 50. The floor plate 50 is square in shape but
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can take on any desired shape. A plurality of spacers 27 are
secured atop the floor plate 50 within the space 23. The
spacers 27 act as guides during placement of the inner and
outer shells 22, 21 atop the floor plate 50 and ensure that the
integrity of the space 23 is maintained throughout the life of
the HLW storage container 100. The spacers 27 can be constructed of low carbon steel or another material and welded to
the floor plate 50.
[00471 Preferably, the outer shell 21 is seal joined to the
floor plate 50 at all points of contact, thereby hermetically
sealing the HLW storage container 100 to the ingress of fluids
through these junctures. In the case of weldable metals, this
seal joining may comprise welding or the use of gaskets. Most
preferably, the outer shell 21 is integrally welded to the floor
plate 50.
[00481 A ring flange 77 is provided around the top of the
outer shell 21 to stiffen the outer shell 21 so that it does not
buckle or substantially deform under loading conditions. The
ring flange 77 can be integrally welded to the top of the outer
shell 21.
[00491 The inner shell 22 is laterally and rotationally
restrained in the horizontal plane at its bottom by the spacers
27 and support blocks 52. The imier shell 22 is preferably not
welded or otherwise permanently secured to the bottom plate
50 or outer shell 21 so as to permit convenient removal for
decommissioning, and if required, for maintenance. The bottom edge of the inner shell 22 is equipped with a tubular guide
(not illustrated) that also provides flexibility to permit the
inner shell 22 to expand from its contact with the air heated by
the canister in the cavity 24 without inducing excessive
upward force on the lid 30.
[00501 The inner shell 22, the outer shell 21, the floor plate
50, and the ring flange 77 are preferably constructed of a
metal, such as a thick low carbon steel, but can be made of
other materials, such as stainless steel, aluminum, aluminumalloys, plastics, and the like. Suitable low carbon steels
include, without limitation. ASTM A516, Gr, 70, A515 Gr, 70
or equal. The desired thickness of the inner and outer shells
22, 21 is matter of design and will determined on a case by
case basis. However, in some embodiments, the inner and
outer shells 22, 22 will have a thickness between 1/2 to 3
inches.
[00511 The inner shell 22 forms a cavity 24. The size and
shape of the cavity 24 is not limiting of the present invention.
however, it is preferred that the inner shell 22 be selected so
that the cavity 24 is sized and shaped so that it can accommodate a canister of spent nuclear fuel or other HLW. While
not necessary to practice the invention, it is preferred that the
horizontal cross-sectional size and shape of the cavity 24 be
designed to generally correspond to the horizontal crosssectional size and shape of the canister-type that is to be used
in conjunction with that particular HLW storage container
100. More specifically, it is desirable that the size and shape of
the cavity 24 be designed so that when a canister containing
HLW is positioned in cavity 24 for storage (as illustrated in
FIG. 8), a small clearance exists between the outer side walls
of the canister and the side walls of the cavity 24.
[00521 Designing the cavity 24 so that a small clearance is
formed between the side walls of the stored canister and the
side walls of the cavity 24 limits the degree the canister can
move within the cavity during a catastrophic event, thereby
minimizing damage to the canister and the cavity walls and
prohibiting the canister from tipping over within the cavity.
This small clearance also facilitates flow of the heated air
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during HLW cooling. The exact size of the clearance can be
controlled/designed to achieve the desired fluid flow dynamics and heat transfer capabilities for any given situation, in
some embodiments, for example, the clearance may be 1 to 3
inches. A small clearance also reduces radiation streaming.
10053] The inner shell 22 is also equipped with equispaced
longitudinal ribs (not illustrated) at an elevation that is
aligned with the top lid of a canister of HLW stored in the
cavity 24. These ribs provide a means to guide a canister of
HEW down into the cavity 24 so that the canister properly
rests atop the support blocks 52. The ribs also serve to limit
the canister's lateral movement during an earthquake or other
catastrophic event to a fraction of an inch,
10054] A plurality of openings 25 are provided in the inner
shell 22 at or near its bottom. The openings 25 provide a
passageway between the annular space 23 and the bottom of
the cavity 24. The openings 25 provide passageways by
which fluids, such as air, can pass from the annular space 23
into the cavity 24. The opening 25 are used to facilitate the
inlet of cool ambient air into the cavity 24 for cooling stored
HEW having a heat load. In the illustrated embodiment, six
opening 25 are provided. However, any number of openings
25 can be provided. The exact number will be determined on
a case-by-case basis and will dictated by such consideration
as the heat load of the HLW, desired fluid flow dynamics, etc.
Moreover, while the openings 25 are illustrated as being
located in the side wall of the inner shell 22, the openings 25
can be provided in the floor plate 50 in certain modified
embodiments of the HLW storage container 100.
10055] I n some embodiments, the openings 25 may be symmetrically located around the bottom of the inner shell 22 in
a circumferential orientation to enable the incoming cool air
streaming down the annular space 23 to enter the cavity 24 in
a symmetric manner.
10056] The opening 25 in the inner shell 22 are sufficiently
tall to ensure that if the cavity 24 were to become filled with
water, the bottom region of a canister resting on the support
blocks 52 would be submerged for several inches before the
water level reaches the top edge of the openings 25. This
design feature ensures thermal performance of the system
under any conceivable accidental flooding of the cavity 24 by
any means whatsoever.
10057] A layer of insulation 26 is provided around the outside surface of the inner shell 22 within the annular space 23.
The insulation 26 is provided to minimize the heat-up of the
incoming cooling air in the space 23 before it enters the cavity
24. The insulation 26 helps ensure that the heated air rising
around a canister situated in the cavity 24 causes minimal
pre-heating of the downdraft cool air in the annular space 23.
The insulation 26 is preferably chosen so that it is water and
radiation resistant and undegradable by accidental wetting.
Suitable forms of insulation include, without limitation, blankets of fire clay (Kaowool Blanket), oxides of alimuna and
silica (Kaowool S Blanket), alumina-silica-zirconia fiber
(Cerablanket), and alumina-silica-chromia (Cerachrome
Blanket). The desired thickness of the layer of insulation 26 is
matter of design and will be dictated by such considerations
such as the heat load of the HLW, the thickness of the shells,
and the type of insulation used. In some embodiments, the
insulation will have a thickness in the range 1/2 to 6 inches.
10058] A plurality of support blocks 52 are provided on the
floor (formed by floor plate 50) of the cavity 24. The support
blocks 52 are provided on the floor of cavity 24 so that a
canister holding HLW, such as spent nuclear fuel, can be
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placed thereon. The support blocks 52 are circumferentially
spaced from one another and positioned between each of the
openings 25 near the six sectors of the inner shell 22 that
contact the bottom plate 50. When a canister holding HLW is
loaded into the cavity 24 for storage, the bottom surface of the
canister rests atop the support blocks 52, forming an inlet air
plenum between the bottom surface of the HLW canister and
the floor of cavity 24. This inlet air plenum contributes to the
fluid flow and proper cooling of the canister.
[00591 The support blocks 52 can be made of low carbon
steel and are preferably welded to the floor of the cavity 24. In
some embodiments, the top surfaces of the support blocks 52
will be equipped with a stainless steel liner so that the canister
of HLW does not rest on a carbon steel surface. Other suitable
materials of construction for the support blocks 52 include,
without limitation, reinforced-concrete, stainless steel, plastics, and other metal alloys. The support blocks 52 also serve
an energy/impact absorbing function. In some embodiments,
the support blocks 52 are preferably of a honeycomb grid
style, such as those manufactured by Hexcel Corp., out of
California, U.S.
[00601 The lid 30 rests atop and is supported by the tops
edges of the inner and outer shells 22, 21. The lid 30 encloses
the top of the cavity 24 and provides the necessary radiation
shielding so that radiation can not escape from the top of the
cavity 24 when a canister loaded with HEW is stored therein.
The lid 30 is specially designed to facilitate in both the introduction of cool air to the space 23 (for subsequent introduction to the cavity 24) and the release of warmed air from the
cavity 24. In some embodiments, the invention is the lid itself,
independent of all other aspects of the HLW storage container
100.
[00611 FIGS. 4 and 5 illustrate the lid 30 in detail according
to an embodiment of the present invention. In some embodiments, the lid 30 will be a steel structure filled with shielding
concrete. The design of the lid 30 is preferably designed to
fulfill a number of performance objectives.
[00621 Referring first to FIG. 4, a top perspective view of
the lid 30 removed from the body portion 20 of the HLW
storage container 100 is illustrated. In order to provide the
requisite radiation shielding, the lid 30 is constructed of a
combination of low carbon steel and concrete. More specifically, in constructing one embodiment of the lid 30, a steel
lining is provided and filled with concrete (or another radiation absorbing material). In other embodiments. lid 30 can be
constructed of a wide variety of materials, including without
limitation metals, stainless steel, aluminum, aluminum-alloys, plastics, and the like. In some embodiments, the lid may
be constructed of a single piece of material, such as concrete
or steel for example.
[00631 The lid 30 comprises a flange portion 31 and a plug
portion 32. The plug portion 32 extends downward from the
flange portion 31. The flange portion 31 surrounds the plug
portion 32, extending therefrom in a radial direction. A plurality of inlet vents 33 are provided in the lid 30. The inlet
vents 33 are circumferentially located around the lid 30. Each
inlet vent 30 provides a passageway from an opening 34 in the
side wall 35 to an opening 36 in the bottom surface 37 of the
flange portion 31.
[00641 A plurality of outlet vents 38 are provided in the lid
30. Each outlet vent 38 forms a passageway from an opening
39 in the bottom surface 40 of the plug portion 32 to an
opening 41 in the top surface 42 of the lid 30. A cap 43 is
provided over opening 41 to prevent rainwater or other debris
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from entering and/or blocking the outlet vents 38. The cap 43
is secured to the lid 30 via bolts 70 or through any other
suitable connection, including without limitation welding,
clamping, a tight fit, screwing, etc.
[0065] T h e cap 43 is designed to prohibit rain water and
other debris from entering into the opening 41 while affording, heated air that enters the opening 41 to escape therefrom.
In one embodiment, this can be achieved by providing a
plurality of small holes (not illustrated) in the wall 44 of the
cap 43 just below the overhang of the roof 45 of the cap. In
other embodiments, this can be achieved by non-hermetically
connecting the roof 45 of the cap 43 to the wall 44 and/or
constructing the cap 43 (or portions thereof) out of material
that is permeable only to gases. The opening 41 is located in
the center of the lid 30.
[0066] B y locating both the inlet vents 30 and outlet vents
38 in the lid 30, there is no lateral radiation leakage path
during the lowering or raising of a canister of HEW in the
cavity 24 during loading and unloading operations. Thus, the
need for shield blocking, which is necessary in some prior art
VVOs is eliminated. Both the inlet vents 30 and the outlet
vents 38 are preferably radially symmetric so that the air
cooling action in the system is not affected by the change in
the horizontal direction of the wind. Moreover, by locating
the opening 34 of the inlet vent 30 at the periphery of the lid
30 and the opening 41 for the outlet vents 38 at the top central
axis of the lid, mixing of the entering cool air stream and the
exiting warm air stream is essentially eliminated.
100671 In order to further protect against rain water or other
debris entering opening 41, the top surface 42 of the lid 30 is
curved and sloped away from the opening 41 (i.e., downward
and outward). Positioning the opening 41 away from the
openings 34 helps prevent the heated air that exits via the
outlet vents 38 from being drawn back into the inlet vents 35.
The top surface 42 of the lid 30 (which acts as a roof) overhangs beyond the side wall 35 of the flange portion 31,
thereby helping to prohibit rain water and other debris from
entering the inlet vents 33. The overhang also helps prohibit
mixing of the cool and heated air streams. The curved shape
of the increases the load bearing capacity of the lid 30 much
in the manner that a curved beam exhibits considerably
greater lateral load bearing capacity than its straight counterpart.
[0068] T h e outlet vents 38 are specifically curved so that a
line of sight does not exist therethrough. This prohibits a line
of sight from existing from the ambient air to an HLW canister
that is loaded in the HLW storage container 100, thereby
eliminating radiation shine into the environment. In other
embodiments, the outlet vents may be angled or sufficiently
tilted so that such a line of sight does not exist. The inlet vents
33 are in a substantially horizontal orientation. However, the
shape and orientation of the inlet and outlet vents 33, 38 can
be varied.
[0069] T h e inlet and outlet vents 30, 38 are made of
"formed and filter heads (i.e., surfaces of revolution) that
serve three major design objectives. First, the curved shape of
the inlet and outlet vents 30. 38 eliminate any direct line of
sight from the cavity 24 and serve as an effective means to
scatter the photons streaming from the HLW. Second, the
curved steel plates 78 that form outlet vent passageway 38
significantly increase the load bearing capacity of the lid 30
much in the manner that a curved beam exhibits considerably
greater lateral load bearing capacity in comparison to its
straight counterpart. This design feature is a valuable attribute
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if a beyond-the-design basis impact scenario involving a large
and energetic missile needs to be evaluated for a particular
ISF SI site.
[00701 Third, the curved nature of the inlet vents 30 provide
for minimum loss of pressure in the coolant air stream, resulting in a more vigorous ventilation action.
[00711 I n some embodiments it may be preferable to provide screens covering all of the openings into the inlet and
outlet vents 30, 38 to prevent debris, insects, and small animals from entering the cavity 24 or the vents 30, 38.
[00721 Referring now to FIG. 5, the lid 30 further comprises
a first gasket seal 46 and a second gasket seal 47 on the bottom
surface 37 of the flange portion 31. The gaskets 46, 47 are
preferably constructed of a radiation resistant material. When
the lid 30 is positioned atop the body portion 20 of the HLW
storage container 100 (as shown in FIG. 3), the first gasket
seal 46 is compressed between the bottom surface 37 of the
flange portion 31 of the lid 30 and the top edge of the inner
shell 22, thereby forming a seal. Similarly, when the lid 30 is
positioned atop the body portion 20 of the HLW storage
container 100, the second gasket seal 47 is compressed
between the bottom surface 37 of the flange portion 31 of the
lid 30 and the top edge of the outer shell 21, thereby forming
a second seal.
[00731 A container ring 48 is provided on the bottom surface 35 of the flange portion 31. The container ring 48 is
designed to extend downward from the bottom surface 35 and
peripherally surround and engage the outside surface of the
top of the outer shell 22 when the lid 30 is positioned atop the
body portion 20 of the HLW storage container 100, as shown
in FIG. 3.
[00741 Referring again to FIG. 1 the cooperational relationship of the elements of the lid 30 and the elements of the body
portion 20 will now be described. When the lid 30 is properly
positioned atop the body portion 20 of the HLW storage
container 100 (e.g., during the storage of a canister loaded
with HLW), the plug portion 32 of the lid 30 is lowered into
the cavity 24 until the flange portion 31 of the lid 30 contacts
and rests atop the inner shell 22 and the flange ring 77. The
flange portion 31 eliminates the danger of the lid 30 falling
into the cavity 24.
[00751 When the lid 30 is positioned atop the body portion
20, the first and second gasket seals 46, 47 are respectively
compressed between the flange portion 31 of the lid 30 and
the top edges of the inner and outer shells 22, 21, thereby
forming hermetically sealed interfaces. The first gasket 46
provides a positive seal at the lid/inner shell interface, prohibiting mixing of the cool air inflow stream through the
annular space 23 and the warm air outflow stream at the top of
the cavity 24. The second gasket 47 provides a seal at the
lid/outer shell interface, providing protection against floodwater that may rise above the flange ring 77 itself.
[00761 The container flange 48 surrounds and peripherally
engages the flange ring 77. The flange ring 77 restrains the lid
30 against horizontal movement, even during design basis
earthquake events. When so engaged, the lid 30 retains the top
of the inner shell 22 against lateral, axial movement. The lid
30 also provides stability, shape, and proper alignment/orientation of the inner and outer shells 22, 21.
[00771 The extension of plug portion 32 of the lid 30 into
the cavity 24 helps reduce the overall height of the HLW
storage container 100. Because the plug portion 32 is made of
steel filled with shielding concrete, the plug portion 32 blocks
the skyward radiation emanating from a canister of HLW
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from escaping into the environment. The height of the plug
portion 32 is designed so that if the lid 30 were accidentally
dropped during its handling, it would not contact the top of a
canister of HLW positioned in the cavity 24.
10078] When the lid 30 is positioned atop the body portion
20, the inlet vents 33 are in spatial cooperation with the space
23 formed between the inner and outer shells 22, 21. The
outlet vents 38 are in spatial cooperation with the cavity 24.
As a result, cool ambient air can enter the HLW storage
container 100 through the inlet vents 33, flow into the space
23, and into the bottom of the cavity 24 via the openings 25.
When a canister containing HLW having, a heat load is supported within the cavity 24, this cool air is warmed by the
HEW canister. rises within the cavity 24, and exits the cavity
24 via the outlet ducts 38.
10079] Because the openings 34 (best visible in FIG. 4) of
the inlet vents 30 extend around the circumference of the lid
30, the hydraulic resistance to the incoming air flow, a common limitation in ventilated modules, is minimized. Circumferentially circumscribing the openings 34 of the inlet vents
30 also results in the inlet vents 30 being less apt to becoming
completely blocked under even the most extreme environmental phenomena involving, substantial quantities of debris.
Similar air flow resistance minimization is built into the
design of the inlet vents 38 for the exiting air.
100801 As mentioned above, the HLW storage container
100 can be adapted for either above or below grade storage of
HEW. When adapted for above grade storage of HLW, the
HEW storage container 100 will further comprises a radiation
absorbing structure/body surrounding the body portion 20.
The radiation absorbing structure will be of a material, and of
sufficient thickness so that radiation emanating from the
HEW canister is sufficiently absorbed/contained. In some
embodiments, the radiation absorbing structure can be a concrete monolith. Moreover, in some embodiment, the outer
shell may be formed by an inner wall of the radiation absorbing structure itself.
10081] Referring now to FIGS. 6 and 7, the adaptation and
use of the HLW storage container 100 for the below grade
storage of HLW at an ISFSI, or other location will be
described, according to one embodiment of the present invention.
10082] Referring to FIG. 6, a hole is first dug into the
ground at a desired position within the ISF SI and at a desired
depth. Once the hole is dug, and its bottom properly leveled,
a base 61 is placed at the bottom of hole. The base 61 is a
reinforced concrete slab designed to satisfy the load combinations of recognized industry standards, such as ACI-3219.
However, in some embodiments, depending on the load to be
supported and/or the ground characteristics, the use of a base
may be unnecessary. The base 61 designed to meet certain
structural criteria and to prevent long-term settlement and
physical degradation from aggressive attack of the materials
in the surrounding sub-grade.
10083] Once the base 61 is properly positioned in the hole,
the HEW storage container 100 is lowered into the hole in a
vertical orientation until it rests atop the base 61. The floor
plate 50 contacts and rests atop the top surface of base 61. The
floor plate 50 is then secured to the base 61 via anchors 51 to
prohibit future movement of the HLW storage container 100
with respect to the base 61.
10084] The hole is preferably dug so that when the HLW
storage container 100 is positioned therein, at least a majority
of the inner and outer shells 22, 21 are below ground level 62.
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Most preferably, the hole is dug so that only 1 to 4 feet of the
inner and outer shells 22, 21 are above ground level 61 when
the HLW storage container 100 is resting atop base 61 in the
vertical orientation. In some embodiments, the hole may be
dug sufficiently deep that the top edges of the inner and outer
shells 22, 21 are flush with the ground level 62. In the illustrated embodiment, about 32 inches of the inner and outer
shells 22, 21 protrude above the around level 62.
[00851 A n appropriate preservative, such as a coal tar epoxy
or the like, can be applied to the exposed surfaces of outer
shell 21 and the floor plate 50 in order to ensure sealing, to
decrease decay of the materials, and to protect against fire and
the ingress of below grade fluids. A suitable coal tar epoxy is
produced by Carboline Company out of St. Louis, Mo. under
the tradename Bitumastic 300M. In some embodiments, it
may be preferable to also coat all surfaces of both the inner
shell 22 and the outer shell 21 with the preservative, even
though these surface are not directly exposed to the elements.
[00861 Once the HLW storage container 100 is resting atop
base 61 in the vertical orientation, soil 60 is delivered into the
hole exterior of the HLW storage container 100, thereby
filling the hole with soil 60 and burying a major portion of the
HLW integral structure 100. While soil 60 is exemplified to
fill the hole and surround the HLW storage container 100, any
suitable engineered fill can be used that meets environmental
and shielding requirements. Other suitable engineered fills
include, without limitation, gravel, crushed rock, concrete,
sand, and the like. Moreover, the desired engineered fill can
be supplied to the hole by any means feasible, including
manually, dumping, and the like.
[00871 The soil 60 is supplied to the hole until the soil 60
surrounds the HI W storage container 100 and fills the hole to
a level where the soil 60 is approximately equal to the around
level 62. The soil 60 is in direct contact with the exterior
surfaces of the HLW storage container 100 that are below
grade.
[00881 A radiation absorbing structure, such as a concrete
pad 63, is provided around the portion of the outer shell 21
that protrudes above the ground level 62. The ring flange 77 of
the outer shell 21 rests atop the top surface of the concrete pad
63. The concrete pad 63 is designed so as to be capable of
providing the necessary radiation shielding for the portion of
the HLW storage container 100 that protrudes from the
ground. The top surface of the pad 63 also provides a riding
surface for a cask crawler (or other device for transporting a
transfer cask) during HLW transfer operations. The soil 60
provides the radiation shielding for the portion of the HLW
storage container 100 that is below the ground level 62. The
pad 63 also acts as a barrier membrane against gravity
induced seepage of rain or flood water around the below grade
portion of the HLW storage container 100.
[00891 A top view of the concrete pad 63 is shown in FIG.
7. While the pad 63 is preferably made of a reinforced concrete, the pad 63 can be made out of any material capable of
suitably absorbing/containing the radiation being emitted by
the HLW being stored in the cavity 24.
[00901 Referring again to FIG. 6, when the HLW storage
apparatus 100 is adapted for the below grade storage of HLW
and the lid 30 removed, the HLW storage apparatus 100 is a
closed bottom, open top, thick walled cylindrical vessel that
has no below grade penetrations or openings. Thus, ground
water has no path for intrusion into the cavity 24. Likewise,
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any water that may be introduced into the cavity 24 through
the inlet and outlet vents 33, 38 in the lid 30 will not drain out
on its own.
10091] Once the concrete pad 63 is in place, the lid 30 is
placed atop the inner and outer shells 22, 21 as described
above. Because the lid 30, which includes the openings of the
inlet and outlet vents 33, 38 to the ambient, is located above
grade, a hot canister of HLW can be stored in the cavity 24
below grade while still affording adequate ventilation of the
canister for heat removal.
10092] Referring now to FIG. 8, the process of storing a
canister 90 loaded with hot HLW in a below grade HEM
storage container 100 will be discussed. Upon being removed
from a spent fuel pool and treated for dry storage, a canister 90
is positioned in a transfer cask. The transfer cask is carried by
a cask crawler to a desired HLW storage container 100 for
storage. While a cask crawler is exemplified, any suitable
means of transporting, a transfer cask can be used. For
example, any suitable type of load-handling device, such as
without limitation, a gantry crane, overhead crane, or other
crane device can be used.
10093] I n preparing the desired HLW storage container 100
to receive the canister 90, the lid 30 is removed so that cavity
24 is open. The cask crawler positions the transfer cask atop
the underground HLW storage container 100. After the transfer cask is properly secured to the top of the underground
HLW storage container 100, a bottom plate of the transfer
cask is removed. If necessary, a suitable mating device can be
used to secure the connection of the transfer cask to the HLW
storage container 100 and to remove the bottom plate of the
transfer cask to an unobtrusive position. Such mating devices
are well known in the art and are often used in canister transfer
procedures.
10094] The canister 90 is then lowered by the cask crawler
from the transfer cask into the cavity 24 until the bottom
surface of canister 90 contacts and rests atop the support
blocks 52, as described above. When resting on support
blocks 52, at least a major portion of the canister is below
grade. Most preferably, the entirety of the canister 90 is below
grade when in its storage position. Thus, the HLW storage
container 100 provides for complete subterranean storage of
the canister 90 in a vertical configuration inside the cavity 24.
In some embodiments, the top surface of the pad 63 itself can
be considered the grade level, depending on its size, radiation
shielding properties. and cooperational relationship with the
other storage modules in the ISFSI.
[0095] Once the canister 90 is positioned and resting in
cavity 24, the lid 30 is positioned atop the body portion 20 of
HLW storage container 100 as described above with respect
to FIG. 3. thereby substantially enclosing cavity 24. An inlet
air plenum exists below the canister 90 while an outlet air
plenum exists above the canister 90. The outlet air plenum
acts to boost the "chimney" action of the heated air out of the
HLW storage container 100.
10096] The lid 31 is then secured in place with bolts that
extend into the concrete pad 63. As a result of the heat emanating from canister 90, cool air from the ambient is siphoned
into the inlet vents 33, drawn through the space 23, and into
the bottom of cavity 24 via the openings 25. This cool air is
then warmed by the heat from the canister 90, rises in cavity
24 via the clearance space between the canister 90 and the
inner shell 22. and then exits cavity 24 as heated air via the
outlet vents 38 in the lid 30.

