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Description
BACKGROUND
[0001] The presentinvention relates generally to casks

used to transport and store spent nuclear fuel created by
nuclear generating plants or other facilities.

[0002] Examples of casks are disclosed in
US4197467A, US3886368A, US2011255647A1,
US2018047471A1.

[0003] Inthe operation of nuclear reactors, the nuclear

energy source is in the form of hollow Zircaloy tubes filled
with enriched uranium (aka fuel rods), collectively ar-
ranged in assemblages referred to as fuel assemblies.
Each fuel assembly contains a multitude of the packaged
fuelrods. When the energy in the fuel assembly has been
depleted to a certain predetermined level, the fuel as-
sembly is removed from the nuclear reactor. The stand-
ard structure used to package used or spent nuclear fuel
assemblies discharged from light water reactors for off-
site shipment or on-site dry storage is known as the fuel
basket. The fuel basket is essentially an assemblage of
prismatic storage cells, each of which is sized to store
one fuel assembly that comprises a plurality of individual
spentnuclearfuel rods. The fuel basketis arrangedinside
ametallic storage canister (typically plain steel cylindrical
walls), which in turn is placed inside a ventilated outer
overpack or cask for safe transport and storage of the
multiple spent fuel assemblies within the canister’s inner
fuel basket. The walls of the canister are therefore gen-
erally unshielded against radiation to minimize the outer
diameter of the canister.

[0004] The spent nuclear fuel ("SNF") in the fuel as-
semblies within the canister is still highly radioactive and
produces considerable heat which must be dissipated,
in addition to concomitantly emitting dangerous ionizing
neutron and gamma photons (i.e. neutron and gamma
radiation) requiring protective shielding. Thus, caution
must be exercised when the fuel assemblies are handled,
transported, packaged and stored. The canisters are
therefore placed inside an outer shielded transport/stor-
age overpack or cask containing radiation shielding. Neu-
tron radiation may be effectively attenuated with the outer
storage and transport casks having metallic and poly-
meric shielding materials typically containing boron.
These boron-containing materials however are not effec-
tive at attenuating and shielding gammaradiation emitted
from the fuel stored in the fuel baskets. Effective gamma
radiation shielding requires very dense materials, such
as lead, steel, concrete, copper, and combinations there-
of which are incorporated into the outer cask. One com-
mon cask configuration consists of concentrically ar-
ranged steel shells creating an annulus therebetween
filled with these dense gamma-blocking materials in ad-
dition to neutron shielding materials. The casks which
house the spent nuclear fuel canister are thus very heavy
and large structures with thick walls, typically weighing
about 150 tons, about 4,58 m (15 feet) or more high/long,
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and about 1,83 m (6 feet) in internal diameter.

[0005] A cask bearing fissile nuclear materials such as
for example a "transfer cask" used to move used nuclear
fuel from the fuel pool to a storage pad may be vulnerable
to overheating of its contents, for example, because of
its thick walls (required for radiation shielding) which may
inhibit rejection of heat to the ambient. The same situation
applies to a "storage cask" used to store the SNF in a
"dry state" for long periods of time. A hard limit may be
placed on the maximum temperature that the casks con-
tents are permitted to reach. For example, the USNRC,
through its Information Notice ISG-11 Rev. 3, limits the
peak cladding temperature of used nuclear fuel to 400
Deg. C. For a cask with relatively small heat loads (e.g.,
below 20kW), the natural convection from the cask’s out-
er surface may be enough to maintain the temperature
of the contents below the limit. However, if the heat load
and/or the ambient temperature are high, then natural
convection alone may not be sufficient. For such a case,
it is necessary to provide an auxiliary means to augment
heat rejection from the cask.

[0006] Fornuclearapplications, such an auxiliary cool-
ing system or device should preferably meet the following
three requirements. First, the system/device must notre-
ly on any active system such as pump or a blower which
makes it vulnerable to loss of electric power. Second, the
system/device must be substantiallyimmune to malfunc-
tion due to human performance errors. For example, the
device should not introduce the risk of a new type of ac-
cident. And third, to minimize radiation dosage to the crew
or personnel, the system/device should not require the
workers to be physically close to the cask for extended
periods of time.

[0007] Improvements in cooling of casks used to both
store and transport spent nuclear fuel which meet the
foregoing criteria are needed.

BRIEF SUMMARY

[0008] The invention is set out in the appended set of
claims.
[0009] The presentapplicationdisclosesa cooling sys-

tem for externally cooling a nuclear fuel cask (transport
or storage) which overcomes the foregoing problems. In
one embodiment, the cooling system comprises a cooling
sleeve or jacket is provided which is mounted around and
surrounds the exterior of the cask. The cooling jacket
may have an annular cylindrical shape in one embodi-
ment which is complementary to the cylindrical shape of
cask. The cooling jacket extends circumferentially
around the exterior of the cask preferably for a full 360
degrees when disposed on the cask in one embodiment.
The jacket may be provided as single prefabricated cir-
cular assembly or unit which can be slipped over the end
of the cask, or alternatively may be provided as multiple
sections or segments which may be assembled together
after emplacement laterally around the cask to complete-
ly enclose the sides of the cask.
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[0010] In one embodiment, the cooling jacket may
comprise a double shelled or walled structure defining a
hollow inter-shell cooling medium cavity between its inner
and outer cylindrical shell walls that is configured to hold
a cooling medium. According to the invention, a subli-
mating type cooling medium which exists as a solid at
normal atmospheric pressure is used which changes
phase directly to a gaseous phase by absorbing heat
generated by the cask. According to the invention, the
sublimating cooling medium is dry ice (solid carbon di-
oxide). The dry ice may partially or completely fill the
cavity depending on the degree of cask cooling required
and energy/heat still generated by the SNF therein. The
dry ice may be provided in any suitable solid form, such
as for example without limitation pellets or blocks.
[0011] The cooling jacket may be maintained at a pre-
set distance or spacing from the cylindrical external or
outer surface of the cask by spacers. The spacers main-
tain a uniform annular radial interstitial gap or space be-
tween the cask and jacket, which preferably remains
empty and airfilled. Externally radiated and convected
heat emitted from the cask travels across the empty in-
terstitial space to the cooling jacket wherein itis absorbed
by the dry ice therein, which comes heated via the inher-
ently endothermic sublimation process, as further de-
scribed herein. The heated dry ice rejects the heatin turn
to the ambient environment or atmosphere via sublima-
tion as nontoxic gaseous carbon dioxide which is vented
from the cooling jacket.

[0012] Accordingly, the dryice inside the cooling jacket
acts as a cooler external heat sink to absorb the heat
emitted by the cask in a manner more efficient than the
ambient air surrounding the cask or other known methods
like water cooling. The cooling effectiveness of the ex-
ternal cooling jacket surrounding the cask and dry ice
advantageously are unaffected by prevailing ambient
temperatures which change with the seasons and time
of day. This allows more uniform cask temperatures to
be predicted and maintained based on the amount of
heat emitted by the cask dependent upon the cask heat
load, and is particularly well-suited for warmer climates
with higher prevailing ambient temperatures which make
either air or water cooling less efficient.

[0013] The cooling jacket may be configured to slide-
ably fit over and around the cask, and remains in place
without need for any permanent or temporary mechanical
coupling or fastening directly to the cask (e.g. welding,
soldering, brazing, threaded fasteners, etc.).

[0014] The present external jacketed cooling system
is suitable for application to a transfer cask used to tem-
porarily move and stage the canister holding the spent
nuclear fuel (SNF) assemblies, or for use with a longer
term dry storage cask when additional cooling may be
needed for arelatively short period of time. More broadly,
it will be appreciated that the present jacketed cooling
system may be used with any type of container used to
house or contain spent nuclear fuel. This includes not
only radiation shielded outer overpacks or cask, but also
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unshielded nuclear canisters such as multi-purpose can-
isters (MPCs) available from Holtec International of Cam-
den, NJ which are placed inside such casks. Accordingly,
the term "container" used herein shall be broadly con-
strued to cover any type of container which may form a
sealed fluidic containment boundary to hold radioactive
spent nuclear fuel and/or irradiated nuclear debris/waste
materials associated with operation of the nuclear reac-
tor.

[0015] In other possible embodiments, the cooling
jacket may form an integral and non-separable/non-de-
tachable part of the cask body. Various such construc-
tions are also disclosed herein.

[0016] According to one aspect, a system for cooling
high level radioactive waste comprises: a cask compris-
ing a storage cavity containing the high level radioactive
waste emitting heat; and a cooling jacket at least partially
surrounding the cask, the cooling jacket comprising a
cooling medium cavity containing a cooling medium that
sublimates at normal atmospheric pressure, the cooling
medium providing an external heat sink for absorbing the
heat emitted from the cask from the high level radioactive
waste.

[0017] According to another aspect, a system for cool-
ing high level radioactive waste comprises: a cask having
a body defining a storage cavity containing the high level
radioactive waste; a cooling jacket comprising: an inner
shell; an outer shell surrounding the inner shell so that a
cooling medium cavity is formed between the inner shell
and the outer shell; a cooling medium disposed in the
cooling medium cavity; and a central interior space de-
fined by the inner shell; the cask positioned at least par-
tially within the central interior space of the cooling jacket
so that an interstitial space is formed between the inner
shell of the cooling jacket and the cask.

[0018] According to another aspect, a method for cool-
ing high level radioactive waste comprises: circumferen-
tially surrounding at least a portion of a cask containing
the high level radioactive waste emitting heat with a cool-
ing jacket, the cooling jacket containing a cooling medium
that sublimates at normal atmospheric pressure; and
wherein at least a portion of the heat emitted by the high
level radioactive waste that exits the cask is absorbed
by the cooling jacket.

[0019] According to another aspect, a method for cool-
ing a horizontally-oriented cask containing high level ra-
dioactive waste emitting heat comprises: (a) lowering a
cooling jacket having an arcuately curved shape over the
horizontally-oriented cask to at least partially surround a
top portion of the cask, the cooling jacket containing a
cooling medium in a first phase, the cooling medium
changing from a first phase to a second phase at normal
atmospheric pressure and normal temperature; and (b)
absorbing the heat emitted by the high level radioactive
waste that exits the cask with the cooling jacket; wherein
the cooling medium changes from the first phase to the
second phase during step (b).

[0020] According to another aspect, a cooling jacket
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for cooling a cask containing high level radioactive waste
emitting heat comprises: a horizontally elongated body
having an arcuate shape, the body including an inner
shell, and outer shell, and a cooling medium cavity
formed between the shells; a central interior space de-
fined by an inner surface of the inner shell that is config-
ured for receiving the cask at least partially therein; a
cooling medium in a first phase disposed in the cooling
medium cavity, the cooling medium changing from a first
phaseto asecond phase at normal atmospheric pressure
and normal temperature, the cooling medium providing
an external heat sink for absorbing the heat emitted by
the high level radioactive waste that exits the cask; and
wherein the cooling medium upon absorbing the heat
that exists the cask undergoes an endothermic phase
transition from the first phase to the second phase.
[0021] According to another aspect, a system for cool-
ing spent nuclear fuel comprises: a cask comprising a
storage cavity configured to hold the spent nuclear fuel;
and a cooling jacket at least partially surrounding the
cask, the cooling jacket comprising a cooling medium in
a first phase and that changes from the first phase to a
second phase at normal atmospheric pressure and nor-
mal temperature.

[0022] According to another aspect, a system for stor-
ing and/or transporting high level radioactive waste emit-
ting heat comprises: a hermetically sealed canister con-
taining the high level radioactive waste; and a cask com-
prising a cask body defining a storage cavity, the canister
positioned within the storage cavity, and the cask body
comprising one or more cooling medium cavities contain-
ing a cooling medium in a first phase, the cooling medium
changing from thefirst phase to a second phase atnormal
atmospheric pressure and normal temperature.

[0023] Further areas of applicability of the present in-
vention will become apparent from the detailed descrip-
tion provided hereinafter. It should be understood that
the detailed description and specific examples, while in-
dicating the preferred embodiment of the invention, are
intended for purposes of illustration only and are not in-
tended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The present invention will become more fully
understood from the detailed description and the accom-
panying drawings, wherein like elements are labeled sim-
ilarly and in which:

FIG. 1 is a perspective view of a cask for storage
and transport of high level nuclear waste such as
without limitation spent nuclear fuel having an outer
neutron shield cylinder (NSC) and a separable de-
tachable inner gamma blocker cylinder (GBC) nest-
ed therein;

FIG. 2 is a partial cross-sectional view thereof;
FIG. 3is a top perspective view of a first embodiment
of an external cooling jacket for use with the cask of
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FIGS. 1 and 2 in a vertical orientation;

FIG. 4 is a bottom perspective view thereof;

FIG. 5 is an exploded perspective view thereof;
FIG. 6 is a first side view thereof;

FIG. 7 is a second side view thereof;

FIG. 8 is a top view thereof;

FIG. 9 is a bottom view thereof;

FIG. 10 is a first side cross-sectional view thereof;
FIG. 11 is a second side cross-sectional view there-
of;

FIG. 12 is a partial cross-sectional perspective view
thereof;

FIG. 13 is an enlarged detail from FIG. 12;

FIG. 14 is third side cross-sectional view of the cool-
ing jacket of FIG. 3;

FIG. 15 is a transverse cross-sectional view thereof;
FIG. 16 is perspective view showing the cooling jack-
et of FIG. 3 installed on the cask of FIG. 1;

FIG. 17 is a side view thereof;

FIG. 18 is a top perspective view of a second em-
bodiment of an external cooling jacket for use with
the cask of FIGS. 1 and 2 in a horizontal orientation;
FIG. 19 is a bottom perspective view thereof;

FIG. 20 is an exploded perspective view thereof;
FIG. 21 is an end view thereof;

FIG. 22 is a side view thereof;

FIG. 23 is a top view thereof;

FIG. 24 is a bottom view thereof;

FIG. 25 is a first transverse cross-sectional view
thereof;

FIG. 26 is a partial cross-sectional perspective view
thereof;

FIG. 27 is an enlarged detail from FIG. 26;

FIG. 28 is a second transverse cross-sectional view
of the cooling jacket of FIG. 18

FIG.29is alongitudinal cross-sectional view thereof;
FIG.30is perspective view showing the cooling jack-
et of FIG. 18 installed on the cask of FIG. 1;

FIG. 31 is a side view thereof;

FIG. 32 is a side cross-sectional view of a first em-
bodiment of a cask of FIGS. 1 and 2 having a body
comprising an integral non-separable cooling jacket;
FIG. 33 is a side cross-sectional view of a second
embodiment of the cask of FIGS. 1 and 2 having a
body comprising an integral non-separable cooling
jacket; and

FIG. 34 is a side cross-sectional view of a variation
ofthe cask of FIGS. 1 and 2 having a body comprising
an integral and non-separable NSC, GBC, and cool-
ing jacket.

[0025] Alldrawings are schematic and not necessarily
to scale. Features shown numbered in certain figures are
the same features which may appear un-numbered in
other figures unless noted otherwise herein.
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DETAILED DESCRIPTION

[0026] The features and benefits of the invention are
illustrated and described herein by reference to exem-
plary (i.e. "example") embodiments. This description of
exemplary embodiments is intended to be read in con-
nection with the accompanying drawings, which are to
be considered part of the entire written description. Ac-
cordingly, the disclosure expressly should not be limited
to such exemplary embodiments illustrating some pos-
sible non-limiting combination of features that may exist
alone or in other combinations of features.

[0027] In the description of embodiments disclosed
herein, any reference to direction or orientation is merely
intended for convenience of description and is notintend-
ed in any way to limit the scope of the present invention.
Relative terms such as "lower," "upper," "horizontal,"
"vertical,", "above," "below," "up," "down," "top" and "bot-
tom" 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 description only and do not require
that the apparatus be constructed or operated in a par-
ticular orientation. Terms such as "attached," "affixed,"
"connected," "coupled," "interconnected," and similar re-
fer 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.

[0028] Asused throughout,any rangesdisclosed here-
in are used as shorthand for describing each and every
value that is within the range. Any value within the range
can be selected as the terminus of the range. In the event
of a conflict in a definition in the present disclosure and
that of a cited reference, the present disclosure controls.
[0029] For non-limiting exemplary purposes, the cask
cooling system and related methods discussed herein
will be described in connection with storage and/or trans-
port casks used to the transport, store and handle spent
nuclear fuel ("SNF"). However, the invention is not limited
in its applicability to casks handling SNF alone, and can
be utilized to cool casks emitting heat used to handle any
type of high level nuclear waste, including for example
without limitation without limitation burnable poison rod
assemblies ("BPRA"), thimble plug devices ("TPD"), con-
trol rod assemblies ("CRA"), axial power shaping rods
("APSR"), wet annular burnable absorbers ("WABA"),
rod cluster control assemblies ("RCCA"), control element
assemblies ("CEA"), water displacement guide tube
plugs, orifice rod assembilies, vibration suppressor in-
serts and any other radioactive materials. The SNF and
foregoing waste materials may collectively be referred to
as "nuclear waste" herein all of which are radioactive.
Moreover, while this invention is focused on cooling of
casks containing high level nuclear waste, it can be ap-
plied to cool any type of nuclearrelated or non-nuclear
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vessels with heat producing contents that need to be kept
cool for operational reasons.

[0030] FIGS. 1 and 2 show one non-limiting embodi-
ment of a vertically oriented cask 20 containing spent
nuclear fuel (SNF) which may utilize an external cooling
system according to the present disclosure. However,
the present cooling system can be used with a cask in
other orientations such as casks in a horizontal orinclined
orientation. The heat extraction effectiveness of the cask
cooling system may be influenced by the orientation of
the cask, but the present invention is equally applicable
to such alternate orientations. An embodiment ofthe cask
cooling system for horizontally orientated nuclear fuel
storage/transport casks is disclosed later herein.

[0031] Referring now to FIGS. 1-2 and 16-17, cask 20
may be an elongated vessel having a cylindrical body
defining a longitudinal axis LA. Cask 20 includes a top
end 22, abottomend 23, cylindrical sidewall 24 extending
between the ends and defining an outer or external sur-
face of the cask, and an internal longitudinal storage cav-
ity 44. Cavity 44 extends for substantially a full height of
the cask along the longitudinal axis from the top to bottom
end. Cavity 44 is configured to hold and support a con-
ventional nuclear spent fuel (SNF) canister 60 therein.
Canister 60 may be a multi-purpose canister (MPC) such
as those available from Holtec International of Camden,
New Jersey. The cavity 44 of cask 20 preferably has a
transverse cross-sectional area configured to hold no
more than a single spent nuclear fuel canister 60, which
in turn defines an internal storage cavity 65 of its own
that holds a plurality of conventional SNF assemblies 63
each of which contain multiple fuel rods. The fuel assem-
blies 63 are represented schematically in FIG. 2 by hatch-
ing as such assemblies are well known in the art. Canister
60 includes a cylindrical body and a sealable lid 61 to
close cavity 65 and provide access to the interior of the
canister and fuel assemblies 63 stored therein. A typical
nuclear fuel canister may hold approximately 89 fuel as-
semblies at full capacity. A plurality of vent holes 62 may
be formed in lid 61 to allow the escape of heated air from
the canister 60 created by the decay heat emitted by the
SNF stored therein.

[0032] The cask 20 may have a composite wall con-
struction and be comprised of an outer neutron shield
cylinder (NSC) 21 and a concentrically arranged inner
gamma blocker cylinder (GBC) 40 nested therein as
shown. Such a construction is shown in commonly owned
pending U.S. Application No. 16/434,620 filed June 7,
2019. In one embodiment, the inner cylinder may be de-
tachably and removably positioned and inserted inside
the outer cylinder. The inner GBC 40 may have a com-
posite wall construction including an inner cylindrical
shell47 and outer cylindrical shell 48 with a gamma block-
ing liner 49 interposed and sandwiched therebetween.
GBC 40 defines cavity 44 of the cask 20 for holding the
nuclear fuel canister 60. The outer NSC 21may similarly
have a composite wall construction including an inner
cylindrical shell 33 and outer cylindrical shell 32 with a
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neutron attenuation shielding media 35 sandwiched ther-
ebetween. The shells may be formed of a suitable metal
of sufficient structural strength and thickness such as
without limitation stainless steel for corrosion protection.
[0033] A cooling air ventilation annulus 34 may be
formed between the inner and outer cylinders 40, 21 of
cask 20 to provide natural convective cooling of the cask
and assist with dissipating the heat produced by the de-
caying nuclear fuel inside canister 60 in conjunction with
the present cask cooling system. An annular lower cool-
ing air inlet opening 34-2 into the air ventilation annulus
34 is provided between the cylinders 40, 21 at the bottom
of the cask to draw and introduce ambient cooling air into
the annulus. Similarly, an annular upper cooling air outlet
opening 34-3 is provided between the cylinders at the
top of the cask to vent the heated air rising up in annulus
34 via natural convection to atmosphere.

[0034] Although the illustrated cask 20 is shown as
comprising a detachable double cylinder construction
with both a neutron attenuation shielding media 35 and
a gamma blocking liner 49 housed in separate cylinders,
the cask cooling system disclosed herein is not limited
to such an application alone. According, the cooling sys-
tem may be used with single cylinder cask constructions
having neutron shielding and/or gamma blocking mate-
rialsembedded between its inner and outer shells without
being separable cylinders.

[0035] The gamma blocking liner 49 in GBC 40 may
be preferably constructed of a high density and high ther-
mally conductive metallic material(s) selected and oper-
able to block gamma radiation. Suitable materials which
may be used that meet those criteria include steel, lead,
or copper as some non-limiting examples. In one embod-
iment, the liner 49 may comprise lead. The neutron
shielding media 35in NSC 21 may be a boron-containing
material for neutron attenuation. In one embodiment, the
neutron shielding may be a solid material such as Holt-
ite™ available from Holtec International of Camden, New
Jersey which s formulation comprising hydrogenrich pol-
ymer impregnated with uniformly dispersed boron car-
bide particles. Other boron containing materials may be
used. In other embodiments, the neutron shielding media
35 may be liquid such as water containing boric acid. In
either the case of a solid or liquid neutron shielding media,
the media may be completely enclosed or encased be-
tween the shells.

[0036] The bottom end 23 of neutron shield cylinder
21 may include a gusseted annular bottom supportflange
26 for support of the NSC and cask 20 during transport
and stiffening of the sidewall 24 of the cylinder. The flange
26 may extend radially outwards beyond the outer shell
32 of the outer NSC 21 and circumferentially completely
around the cask. Vertical gusset plates 26-1 spaced cir-
cumferentially apart around the flange are welded to the
top of the flange and adjoining lower portions of the out-
er/external surface of the cylinder sidewall 24. In one
embodiment, the gusset plates may have a triangular
configuration defining an upwardly facing angled edge
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as shown (see also FIG. 17). The flange 26 is configured
and arranged to engage a platform surrounding a recep-
tacle of a self-propelled wheeled or tracked vertical cask
transport vehicle or crawler used to transport the fully
loaded cask 20 with loaded fuel canister, GBC, and NSC.
Such cask transporters are well known in the art and
commercially available from manufacturers such as En-
erpac Heavy Lifting Technology and others. When the
inner gamma block cylinder 40 loaded with a fuel canister
60 is mounted inside the outer NSC 21, the bottom end
of the GBC projects downwards below support flange 26
into the upwardly open receptacle of the crawler and may
not engage any structural surface of the transport vehicle
for support. Accordingly, the bottom support flange 26 of
the outer NSC supports the entire weight of the cask 20
and spent fuel therein.

[0037] The cavity 44 at the bottom end 42 of GBC 40
may be closed by a detachable bottom lid 50. Lid 50
protrudes vertically downwards below the bottom support
flange 26 and bottom end 23 of the outer neutron shield
cylinder 21 when the inner gamma block cylinder 40 is
placed therein. The bottom lid 50 is constructed to sup-
port the spent fuel canister 60 which rests on the planar
horizontal top surface of lid, which is of suitable thickness
for this purpose without undue deflection from the weight
of the canister.

[0038] Bottom lid 50 may be removably coupled to bot-
tom support flange 26 of NSC 21 via by suitable fasteners
such as threaded fasteners 50-1 as shown (see, e.g. FIG.
17). In such an arrangement, the lid 50 may include a
plurality of radially open auxiliary air inlets 50-2 as shown
which are in fluid communication with the lower cooling
air inlets 34-2 to introduce ambient cooling air into the
internal cooling air ventilation annulus 34 of the cask 20.
The lid 50 in this arrangement shown in FIG. 17 may
have a diameter larger than the outer shell 48 of the inner
GBC 40. Alternatively, the bottom lid 50 may be detach-
ably fastened to an annular bottom closure ring 51 (see,
e.g. FIG. 2) on the inner GBC 40 by suitable fastening
means and have a diameter preferably not substantially
largerthan the outer shell 48 of the GBC to avoid blocking
the lower cooling air inlets 34-2 (see, e.g. FIG. 2). In this
arrangement, the lid 50 does not require the radial aux-
iliary air inlets 50-2. Suitable fasteners include threaded
fasteners, interlocking key and key slot arrangements,
or other. In either of the foregoing lid construction sce-
narios, the bottom lid 50 may be considered detachably
coupled to the bottom end of the cask 20.

[0039] With continuing reference generally to FIGS.
1-2 and 16-17, the top end of the inner gamma block
cylinder 40 may be terminated by an annular top mount-
ing flange 70. Flange 70 may be considered to define a
planar top surface 70-1 of the cask 20. Flange 70 projects
radially/laterally outwards beyond the sidewall of gamma
blocker cylinder 40 (GBC) defined by its outer shell 48
to engage the top flange 27 of the outer neutron shield
cylinder 21 (NSC) as shown in FIGS. 5 and 6. The GBC
mounting flange 41 is detachably mounted to the NSC
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annular top flange 27 by a plurality of mounting fasteners
71 such as threaded bolts in one non-limiting embodi-
ment, thereby detachably coupling the inner and outer
cylinders together (see also FIGS. 4 and 11). Fasteners
71 extend vertically completely through GBC mounting
flange 70 and engage corresponding upwardly open
threaded bores 72 formed in the NSC top flange 27. Top
mounting flange 70 may include at least two of lifting lug
assemblies 76 as shown to raise and maneuver the cask
20.

[0040] Intheillustrated embodiment, the annular radial
top flange 27 of the outer NSC 21 may include an up-
wardly open top recess 28. Both the top and bottom flang-
es 26 and 27 of NSC 21 are rigidly coupled to the sidewall
24 of the neutron shield cylinder 21 such as via welding.
Each flange 26, 27 may further protrude radially outward
beyond the sidewall defined by outer shell 32 of NSC 21
in one non-limiting embodiment.

[0041] Asystem forcooling a container containing SNF
such as cask 20 according to the present disclosure will
now be described.

[0042] Referringnow to FIGS. 3-17, the cooling system
generally comprises cooling jacket 100 having a body
comprised of an inner shell 101 defining an inner surface
107, an outer shell 102 defining an outer surface 108, a
top 104, and a bottom 105. The inner shell 101 defines
an interior central space 103 which is configured for re-
ceiving the cask 20 at least partially therein (see, e.g.
FIGS. 16-17). Space 103 has a transverse cross-sec-
tional area configured to hold no more than a single cask.
Space 103 has a diameter (defined by jacket inner shell
101) larger than the outer diameter of the cask to allow
the cooling jacket to be slid over the end of the cask and
placed thereon. The interior central space 103 may have
substantially uniform diameter inclusive of the open top
and bottom ends of the cooling jacket which open into
central space 103 and form the sleeve-like structure il-
lustrated for surrounding at least the central portions of
the cask 20 holding the heat-emitting SNF canister 60.

[0043] The inner shell 101 is arranged concentrically
to the outer shell 102 and spaced radially apart defining
an internal cooling medium cavity 109 therebetween con-
figured to hold a cooling medium 120 which can operate
a heat sink to absorb the heat emitted from the cask 20.
The inner shell 101 includes a top end 111, bottom end
112, and cylindrical sidewall 110 extending between the
ends. Similarly, outer shell 102 includes a top end 113,
bottom end 114, and cylindrical sidewall 115 extending
between the ends. An annular top closure plate 116 en-
closes the top of the cooling medium cavity 109. Closure
plate 116 defines an upwardly facing top surface 116-1
which may be substantially planar in one embodiment.
An annular bottom closure plate 117 encloses the bottom
of cooling medium cavity 109 and defines a downward
facing substantially planar surface 117-1 in one embod-
iment.

[0044] The cooling medium cavity 109 may extend ax-
ially/longitudinally along longitudinal axis LA between the
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top and bottom ends of the shells 101, 102. Cavity 109
may be vertically continuous between the shells without
interruption by any intermediate lateral or radial struc-
tures. In other possible embodiments, one or more trans-
versely oriented annular partition plates 118 (represent-
ed by dashed lines in FIG. 11) may be provided if it is
determined that only a certain vertical portion of the cask
20 requires cooling and/or to more precisely manage the
cooling medium or application thereof to certain portions
of the cask. The partition plates divide cavity 109 into two
or more vertically stacked horizontal portions depending
on the number of partition plates used. The radial depth
D1 of cooling medium cavity 109 (identified in FIG. 14)
of the cooling jacket 100 is sized to hold a sufficient quan-
tity of dry ice to serve the heat sink function for the desired
required duration to cool the cask 20. In some typical
non-limiting embodiments, D1 may be from about and
including (30,5-45,7 cm) 12-18 inches.

[0045] In one embodiment, the cooling jacket 100 (in-
ner and outer shells 101, 102) may be circular and cir-
cumferentially continuous assemblies forming an annu-
lar sleeve-like structure. Such a sleeve-like construction
may be slipped over the top or bottom ends of the cask
20 when deployed.

[0046] In other possible embodiments, as illustrated
herein, the cooling jacket 100 may be formed by two or
more sections or segments 100-1, 100-2 which are as-
sembled together (see, e.g. FIGS. 3 and 5). In such a
construction, the segments may be provided separately
and assembled laterally around the cask 20 in the field
in an abutted arrangement as shown in the figures. The
segments 100-1 and 100-2 may optionally be then be
detachably coupled together once emplaced around the
cask by any suitable mechanical fastening means, such
as for example without limitation a plurality of angle clips
130 and threaded fastener sets 131 (bolts and nuts)
spaced longitudinal apart along the height of the cooling
jacket at each of the joints 132 between segments 100-1
and 100-2 (shown in dashed lines in FIG. 8). Other de-
tachable fastening means and arrangements may be
used and does not limit the invention. lllustrated is only
one non-limiting example.

[0047] Each cooling jacket segment 100-1, 100-2 has
an arcuately curved shape (in top plan view, see, e.g.
FIGS. 8 and 15, thereby forming an arc portion of a com-
plete circle. Each segment further has a separate top and
bottom closure plate 116, 117 also having a complemen-
tary arc shape. Where two segments 100-1 and 100-2
are provided as shown, each segment has a semi-circu-
lar shape forming half of a circle. In other embodiments
where more than two cooling jacket segments are pro-
vided, each segment will have an arcuately curved shape
forming less than half of a circle.

[0048] When the cooling jacket 100 is provided in mul-
tiple segments, the opposite side ends of each segment
100-1, 100-2 may include a longitudinally elongated end
wall plate 135 to enclose the sides of the cooling medium
cavity 109 of each cooling jacket segment. In the illus-
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trated embodiment, the end wall plates 135 are vertically
oriented and extend radially between the vertically ori-
ented longitudinal ends of the inner and outer shells 101,
102in each cooling jacket segment (see particularly FIG.
5). The inboard vertical longitudinal edges 135-1 of the
end wall plates 135 may project radially inwards towards
the interior central space 103 of the cooling jacket 100
beyond the inner surface 107 of the jacket. Similarly, the
outboard vertical longitudinal edges 135-2 of the end wall
plates 135 may also project radially outwards away from
and beyond the outer surface 108 of the jacket. In other
possible embodiments, the longitudinal edges may be
flush with the inner and outer surfaces 107, 108. In either
scenario, the mating end wall plates 135 of each cooling
jacket segment 100-1, 100-2 are preferably abutted
against each other as shown when the segments encircle
the cask 20 positioned in the interior central space 103
of the jacket. This forms a continuous external cooling
loop surrounding the sides of the cask.

[0049] In order to further structurally strengthen the
cooling jacket 100 beyond the top and bottom closure
plates and end wall plates depending on the diameter
and size of the jacket, the jacket may also include a plu-
rality of circumferentially spaced apart longitudinal stiff-
ening plates 136 arranged in the internal cooling medium
cavity of the jacket (see, e.g. FIGS. 5, 11, and 15). Stiff-
ening plates 136 are vertically oriented when a vertical
cask 20 is used as shown in the presently described em-
bodiment. Stiffening plates 136 extend in a radial direc-
tion between the inner and outer shells 101, 102, whether
either in the circumferentially continuous construction or
segmented construction of the cooling jacket 100. Stiff-
ening plates 136 are preferably rigidly attached along
their longitudinal edges to the inner and outer shells 101,
102 such as via welding, brazing, soldering, fasteners
andclips, etc. The method used depends on the selection
of metallic material for the inner and outer shells.
[0050] The stiffening plates 136 may extend for a ma-
jority of the height of the inner and outer shells 101, 102,
and preferably in the illustrated embodiment for more
than 3/4 the height of the shells as shown in FIG. 11. In
the illustrated embodiment, the stiffening plates 136 are
rigidly attached to bottom closure plate 117 and have a
height 90% or more of the height of cooling jacket 100
and is unattached to the top closure plate 116. This forms
an upper plenum area beneath top closure plate 116 and
the top edges of the stiffening plates 136 for collecting
the accumulating CO2 gas from sublimation of the dry
ice in cooling jacket cavity 109. In some embodiments
(not shown), the stiffening plates may extend for the en-
tire height of the shell to divide the internal cooling me-
dium cavity 103 into a plurality of isolated cooling com-
partments 137 each configured for holding the cooling
medium 120. Stiffening plates 136 may be rigidly at-
tached to the bottom closure plate 117 by any of the
above example methods. Where stiffening plates 136 ex-
tend for the full height of the shells 101, 102 and cooling
medium cavity 109, the plates may also be rigidly at-

10

15

20

25

30

35

40

45

50

55

tached to top closure plate 116 in a similar manner.
[0051] When cask 20 is placed inside the interior cen-
tral space 103 of cooling jacket 100, an annular radial
interstitial space 140 is formed between the inner shell
101 of the cooling jacket and cask (see, e.g. FIG. 15
(cask represented by dashed circle). The interstitial
space 140 is predetermined and preset to achieve the
desired air temperature in the interstitial space for cooling
the cask. A typical range for the interstitial space 140
may be about 2,54 cm (1 inch) to about 15,2 cm (6 inch-
es); however, different size or depth interstitial spaces
140 may be used as desired.

[0052] The cooling jacket 100 may be maintained at a
pre-set distance or spacing for interstitial space 140 from
the external side surface of the cask by a plurality of radial
spacers 141. The spacers 141 advantageously center
the cask in the central space 103 of cooling jacket 100
and maintain a relatively uniform annular interstitial gap
between the cask and jacket. Spacers 141 are circum-
ferentially spaced apart around and rigidly attached to
the inner surface 107 of the cooling jacket 100 (defined
by inner shell 101). An array of spacers preferably are
provided in at least two elevations; one in the upper half
and one in the lower half of the cooling jacket (see, e.g.
FIG. 11).

[0053] Inone embodiment, the spacers 141 may be in
the form of metallic pads or blocks which are rigidly af-
fixed to inner surface 107 of inner shell 101 by welding,
brazing, soldering, fasteners, or other methods depend-
ing on the material used for the inner shell. Spacers 141
may be about 2,54 cm (1 inch)to about 15,2 cm (6 inches)
in the radial dimension depending on the radial depth of
the interstitial space 140 desired between the cask 20
and cooling jacket 100. The spacers 141 have a height
and width which is no greater than about 15,2 cm (6 inch-
es) to form pads/blocks which are not continuous either
circumferentially or longitudinally on the inner surface
107 of the cooling jacket 100 as shown (see, e.g. FIGS.
3-5 and 10 as examples). Accordingly, the spacers 141
do not have continuous longitudinal portions which ex-
tend between both the upper and lower halves of the
cooling jacket. In some embodiments, the spacers may
be optionally omitted albeit they are preferred to facilitate
proper placement of the cooling jacket and a uniform in-
terstitial space around the cask for even cooling.

[0054] It bears noting that in other possible embodi-
ments, the cooling jacket segments 100-1, 100-2 may
simply be positioned around the cask 20 without fasten-
ing to each other. In yet other embodiments, the two cool-
ing jacket segments 100-1, 100-2 may be detachably or
permanently secured together (e.g. via welding, brazing,
etc.) in the fabrication shop before shipment to work site.
Because typical storage/transfer casks are larger struc-
tures in height and diameter, the segmented cooling jack-
et design advantageously allows easier handling and de-
ployment of the cooling jacket at the work site.

[0055] Cooling jacket 100 preferably has a height that
covers a majority of the height of the body of the cask 20
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as best shown in FIG. 17. In one embodiment jacket 100
has a height H1 which is greater than at least 75% of the
height H2 of the cask, and in one embodiment preferably
greater than 85% of H2. This ensures effective external
cooling of the heat-emitting cask.

[0056] Coolingjacket 100 may be detachably mounted
to and supported entirely by the cask 20 as shown in
FIGS. 16-17. With additional reference to FIGS. 1-12,
the cooling jacket may include a plurality of metallic
mounting hangers 150 rigidly attached to the top of the
cooling jacket. Hangers 150 are circumferentially spaced
apartaround the top closure plate 116 atthe top periphery
of the cooling jacket.

[0057] In one embodiment, the hangers 150 may com-
prise L-shaped brackets as shown which include a ver-
tical section 150-1 rigidly/fixedly attached at a bottom end
to a top surface 116-1 of the top annular closure plate
116, and a horizontal section 150-2 extending perpen-
dicularly and radially inwards to engage a peripheral por-
tion of the top of the cask such as top surface 70-1in one
embodiment. The bottom edge of horizontal section
150-2 may engage top surface 70-1 of cask 20 as shown.
The horizontal section 150-2 may be elevated above and
separated from top surface 116-1 of cooling jacket 100
by a vertical gap 172. This positions the top closure plate
116 of cooling jacket 100 below the top surface 70-1 of
the cask top mounting flange 70. In one embodiment,
hangers 150 may include a rigging hole 151 for use in
lifting and maneuvering the cooling jacket 100 into posi-
tion about the cask. In one embodiment, hangers 150
may be welded, brazed, soldered, mechanically fas-
tened, or otherwise fixedly attached to top closure plate
116 of the cooling jacket by any suitable means to provide
a rigid coupling. Threaded fasteners may be used em-
bodiments particularly if the metal composition of hang-
ers 150 is dissimilar to the metal used to form the top
closure plate 116 which may involve more complex dis-
similar welding. In some embodiments, the hangers 150
may be welded, brazed, soldered, or mechanically fas-
tened to the sides of the stiffening plates 136 and/or end
plates 135 for added reinforcement and rigidity. In a non-
limiting preferred embodiment, at least four hangers 150
are provided; however, more or less may be provided as
needed depending on the weight of cooling jacket 100
and diameter of the cask 20.

[0058] FIGS. 16-17 show the mounted position of the
cooling jacket 100 on cask 20. The hangers 150 in one
embodiment may support the cooling jacket 100 from the
cask 20 in a suspended manner as shown. The top
mounting flange 70 of cask 20 is at least partially exposed
or fully exposed and protrudes above the top closure
plate 116 of the cooling jacket. This is because the flange
does not require cooling as the nuclear fuel canister 60
is position below the flange inside the cask. The cooling
jacket 100 does not extend to the bottom of the cask as
shown. The bottom closure plate 117 of cooling jacket
100is elevated above the bottom lid 50 and bottom flange
26 of the cask 20. Where gusset plates 26-1 are provided
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with the bottom flange 26, the bottom closure plate 117
of the cooling jacket may at least partially engage the
angled gusset plates in some embodiments which helps
center the bottom of the cooling jacket about the cask
20. Termination of the cooling jacket 100 above the bot-
tom lid and bottom flange of cask 20 avoids interference
with the natural cooling air flow which cools the cask in-
ternally as previously described herein.

[0059] In one embodiment as shown, the peripherally
mounted hangers 150 on cooling jacket 100 do not ex-
tend radially inwards beyond the inner edge of the cask
top mounting flange 70. This advantageously avoids in-
terference with top central opening 44-1 defined by the
mounting flange which leads into cavity 44 of cask 20
and through which the nuclear fuel canister 60 may be
inserted into or removed from the cask while the cooling
jacket 100 remains in place.

[0060] Itbears noting that when the cooling jacket 100
is placed around the cask 20 (or another nuclear fuel
container such as a canister previously described here-
in), the cooling jacket is not sealed at its top or bottom to
the cask. Accordingly, the interstitial space 140 between
the cask and cooling jacket is at least partially open to
atmosphere and may be configured to form a ventilation
annulus through which ambient cooling air flows to further
enhance cooling the cask in addition to the cooling jacket
100. FIG. 17 shows such a convectively cooled cask and
cooling jacket arrangement, which is external to the cask
and not to confused with any internal cooling air flow in-
side the cask. As shown by the directional flow arrows,
ambient cooling air is drawn into the annular interstitial
space 140 at the bottom of the cooling jacket 100, and
is heated by cask, creating an upward air flow via natural
thermosiphon circulation and exits the top of the intersti-
tial space. This cooling air provision advantageously con-
tinues to cool the cask 20 even after the reserve of dry
ice inside cooling jacket 100 is depleted. This provides
time for the dry ice to be replenished by the operator if
necessary.

[0061] According to another aspect, the top closure
plate 116 of cooling jacket 100 may include a plurality of
openable and closeable access hatches 160 for filling
the inter-shell cooling medium cavity 109 of the cooling
jacket with the cooling medium 120. Each hatch 160 in-
cludes a removable hatch cover plate 161 which covers
a hatch opening 162 below (see, e.g. FIGS. 13 and 16
showing opening 162 in dashed lines). Any mechanical
means may be used to secure each hatch cover plate
161 to the top closure plate 116 of cooling jacket 100,
such as threaded fasteners (bolts and wing nuts as
shown, bolts and conventional nuts, clips, etc.) as one
non-limiting example. In some embodiments, the hatch
cover plates 161 may be hingedly mounted to the closure
plate 116. Where vertical stiffening plates 136 are pro-
vided in the inter-shell cavity 109 of the cooling jacket,
an access hatch 160 is provided between each stiffening
plate and an adjacent stiffening plate or end plate 135.
This allows each compartment within the jacket 100 to
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receive cooling medium 120.

[0062] The cooling medium 120 has a temperature
lower than the heated spent nuclear fuel storage/trans-
port cask 20, and preferably lower than the ambient en-
vironment. This forms a heat sink in the cooling jacket
100. The energy balance therefore causes the heat to
flow and transfer from the higher temperature cask radi-
ally outwards to the lower temperature heat sink formed
in the cooling jacket 100 by the cooling medium.

[0063] The cooling medium 120 is preferably a subli-
mating cooling medium at normal atmospheric pressure
conditions (i.e. 101353 Pa (14.7 PSIA equivalent to 1 bar
or atmosphere)) and normal temperature (20 °C (68 de-
grees F - Fahrenheit)) per the normal pressure and tem-
perature (NPT) standard set by the National Institute of
Standards and Technology (NIST). Accordingly, one pre-
ferred but non-limiting cooling medium used in cooling
jacket 100 may be a solid substance having a triple point
occurring at a pressure which is greater than normal at-
mospheric pressure such that the cooling medium sub-
limates at lower normal atmospheric pressure inside the
cooling jacket and changes phase directly from a solid
phase (which is easily handled and filled into the cooling
medium cavity 109 of cooling jacket 100) to a gaseous
phase. In chemistry, the triple point is the temperature
and associated pressure at which solid, liquid, and vapor
phases of a particular substance coexist in equilibrium.
The triple point corresponds to the lowest pressure at
which a substance can exist as a liquid. Below that triple
point pressure (or alternative temperature), a stable liquid
phase cannot be maintained. Sublimation is the change
in phase from the solid phase directly to the gaseous
phase without passing through an intermediate liquid
phase at pressures below the triple point pressure. Ac-
cordingly, this "heat absorbing" sublimating endothermic
phase change happens at either temperatures or pres-
sures below the triple point of the substance. Heat ab-
sorbed by the sublimating cooling medium from the cask
20 via the endothermic reaction forms the heat sink with
the internal cavity 109 of cooling jacket 100.

[0064] Inone embodiment, as previously noted herein,
the sublimating cooling medium 120 meeting the forego-
ing criteria may preferably be dry ice. The dry ice may
be provided in any suitable solid form, such as for exam-
ple without limitation pellets or blocks. Dry ice is solid
carbon dioxide (COZ2), which turns to gaseous CO2 at
the NPT atmospheric pressure and temperature stand-
ard conditions via the process of sublimation. In fact, dry
ice will sublimate at normal atmospheric pressure over
a wide range of temperatures from -129 °C to 127 °C
(-200 to 260 degrees F). The dry ice may partially or
completelyfill the cavity depending on the amount of cool-
ing required. Where dry ice is used, the top closure plate
116 of cooling jacket 100 further includes at least one
vent 165 in fluid communication with the internal inter-
shell cooling medium cavity 109 of the cooling jacket to
vent the gaseous CO2. The vent 165 ensures that the
cooling medium cavity 109 remains at atmospheric pres-
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sure, and is therefore not pressurized in any manner. In
one embodiment, a plurality of vents 165 circumferen-
tially spaced apart around and through the top closure
plate 116 may be provided to ensure adequate venting
of the gaseous carbon dioxide to atmosphere from the
cooling jacket internal cavity 109 which is created by sub-
limation of the dry ice when heated by the cask. The vents
165 may be holes or slots of any suitable shape and
dimension to adequately vent the accumulating carbon
dioxide from cavity 109. Where cooling jacket cavity 109
is divided into multiple cooling compartments 137 by the
stiffening plates 136 as previously described herein, each
compartment preferably has at least one vent 165.
[0065] In some circumstances and embodiments, oth-
er non-sublimating cooling mediums may be used in con-
junction with cooling jacket 100 which can sublimate at
NPT conditions. In other possible embodiments, for ex-
ample, the cooling medium cavity 109 of the cooling jack-
et may be filled with conventional water ice if dry ice (solid
CO02) is not readily available or required. The solid ice
when heated may melt into liquid water and/or sublimate
at NPT conditions. Drainage holes may be provided in
the cooling jacket to release the water produced by the
meltingice. In yet other embodiments, chilled cooling wa-
ter or liquid refrigerant (e.g. ethylene glycol) may be cir-
culated through the internal cavity 109 of the cooling jack-
et via a motorized pump and commercial chiller in a
closed flow cooling loop piping circuit. Such cooling cir-
cuits are well known in the art. These alternative cooling
mediums todry ice, albeit less efficient at removal of heat
from the nuclear fuel cask 20, may be suitable if the cool-
ing demands of the cask 20 are not severe. The cooling
jacket 100 preferably is not designed for air cooling, but
can be adapted for such use if needed by adding multiple
air inlet holes to the bottom closure plate 117.

[0066] To prevent the cooling medium 120 (e.g. dry
ice) from absorbing excessive heat from the external am-
bient environment around the cooling jacket 100, an ex-
ternal insulation jacket 170 may be provided which ex-
tends completely around the cooling jacket (see, e.g.
FIGS. 5, 11, 12, and 15). The insulation jacket 170 may
be secured to the outer surface 108 of the cooling jacket
defined by outer shell 102 by any suitable means stand-
ardly used to apply insulation to an object. The insulation
jacket 170 may have a single continuous annular con-
struction, or may be provided in two or more arcuately
curved sections which can be abutted along longitudinal
seams as shown to match the outer circumference of the
cooling jacket 100. The seams may be taped in some
embodiments per standard insulating practices. In the
illustrated embodiment, two semi-circular sections are
used. Any suitable type and thickness of commercially-
available insulation may be used. Examples include fib-
erglass, mineral wool, Styrofoam, etc. which may option-
ally include an internal and/or external covering or facing
171 which may be weather-proof for protection against
the elements or water inside the reactor containment
structure and/or provide an air, radiant, and/or vapor bar-
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rier (best shown in FIG. 15). Examples of standard facing
materials include Kraft paper, vinyl sheeting, and alumi-
num foil. Example thicknesses of insulation which be
used may be about 2,54 cm (1 inches) to 10,1 cm (4
inches), or more as needed depending on the thermal
insulating requirements and ambient temperatures for a
given cask cooling application to ensure that heat ab-
sorbed by the cooling medium is primarily from the cask
side of the cooling jacket 100 rather than the environ-
ment. In one exemplary embodiment, the insulation may
be about 10,1 cm (4 inches) thick.

[0067] The cooling jacket 100 is made from metallic
materials which preferably have good fracture strength
and resistance at cryogenic temperatures. The inner
shell 101 which faces the cask 20 may be made from a
good thermally conductive material such as for example
without limitation copper or aluminum (inclusive of their
commonly used alloys). The rest of the cooling jacket
body (e.g. outer shell 102, top closure plate 116, bottom
closure plate 117, end plates 135) and appurtenances
(e.g. stiffening plates 136, spacers 141, hangers 150,
access hatches 160, etc.) may be made of suitable me-
tallic materials such as for example without limitation alu-
minum, aluminum alloy, copper, steel, stainless steel,
etc. All of the materials used for the foregoing parts pref-
erably have low nil ductility temperatures (NDT), which
is a commonly used engineering parameter in the art
associated with the temperature at which the failure
mechanism of a metal changes from ductile to brittle re-
sulting in fracture. In various embodiments, the inner and
outer shells 101, 102 may be formed of the same or dif-
ferent metals. In one embodiment, the inner shell 101
facing the cask 20 may be formed of a metal having a
higher thermal conductivity (BTU/(h-ft-°F)) than the outer
shell 102 facing the ambient environment. This would
maximize heat transfer from the cask through the inner
shell to the cooling medium 120 which is desired heat
transfer path to the heat sink, yet minimize heat transfer
from the ambient environment to the cooling medium.
Non-limiting example constructions would be an inner
shell formed of copper and an outer shell formed of alu-
minum or steel, or inner shell formed of copper or alumi-
num and an outer shell formed of steel. Any suitable thick-
ness may be used for shells 101, 102. A non-limiting rep-
resentative thickness that may be used is about 1,27 cm
(1/2 inch) because the cooling jacket is not intended for
radiation shielding, which is provided by the cask. Gam-
ma radiation shielding using metallic materials typically
requires substantially greater thicknesses, on the order
of about 12,7 cm (5 inches) or more. Accordingly, the
inner and outer shells 101, 102 of cooling jacket 100 pref-
erably have a thickness less than 5,08 cm (2 inches),
and more preferably 2,54 cm (1 inch) or less to keep the
cooling jacket structure as light weight as possible for
lifting and deployment.

[0068] A process or method for cooling a container
housing spent nuclear fuel (SNF) such as without limita-
tion a cask 20 in this non-limiting example will now be
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briefly summarized based on the foregoing discussion
and with general reference to FIGS. 1-17. The method
includes providing an empty cooling jacket 100 and cir-
cumferentially surrounding at least a portion of the cask
with the cooling jacket. If the cooling jacket is provided
as a factory or on-site prefabricated annular structure
forming a continuous circle, the jacket may be raised
completely above the cask 20 such as via a crane or
hoist, and then lowered into position around the exterior
of the cask as shown in FIGS. 16-17 (showing the cask).
The top hangers 150 of the cooling jacket 100 engage
the top of the cask 20 (e.g. top surface 70-1 of top mount-
ing flange 70) while the cooling jacket is being lowered
around the cask. The annular interstitial space 140 is
formed between the cooling jacket and cask, which may
include radially engaging the cooling jacket interior spac-
ers 141 with the outer surface of the cask. The bottom
portions of the cask 20 (e.g. bottom flange 26 and lid 50)
remain exposed beneath the bottom closure plate 117
of the cooling jacket so as to not interfere with any cooling
air provisions which might be incorporated into the struc-
ture of the cask.

[0069] Ifthe cooling jacket 100 is alternatively provided
as two prefabricated segments 100-1, 100-2 as previ-
ously described herein, each segment may raised and
then lowered to locate each cooling jacket segment
around one-half of the cask on opposite sides. The seg-
ments need not be fully raised above the top of the cask
unlike the continuously circular cooling jacket embodi-
ment described immediately above, thereby advanta-
geously requiring less overhead crane/hoist clearance
for positioning the cooling jacket. The cooling jacket seg-
ments 100-1, 100-2 may be simply laterally moved or
rolled into position about the cask. The end plates 135
of each segment are then abutted against each other so
that there is no appreciable gap between the segments.
The cooling jacket segments may optionally be detach-
ably coupled together at the end plates 135 such as via
the angle clips 130 and threaded fastener sets 131 pre-
viously described herein, or another suitable temporary
fastening means.

[0070] FIGS. 16-17 show the cooling jacket 100 fully
in position on the cask 20. Cooling jacket 100 is remov-
ably mounted to the cask in a suspended cantilevered
manner by top hangers 150. The bottom end of the cool-
ing jacket 100 (e.g. bottom closure plate 117) is elevated
above the bottom of the cask as shown. Bottom closure
plate 117 may engage gusset plates of the bottom flange
26 of cask 20.

[0071] In one scenario once the cooling jacket 100 is
in position around the cask, the cooling medium 120 may
then be added to the previously empty cooling medium
cavity 109 in the cooling jacket via the access hatches
160. The hatch cover plates 160 are removed and then
replaced after filling the cooling jacket with the cooling
medium during this process. The cooling medium may
be dry ice in the present non-limiting example which sub-
limates at normal atmospheric pressure maintained in
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the cooling medium cavity 109 by the vent holes 165 in
the cooling jacket. With cooling jacket now at least par-
tially filled with dry ice (or substantially completely filled
except for some small headspace beneath the cooling
jacket top closure ring 116 inside cavity 109, the heat
sink is therefore now formed in the cooling jacket and
ready for operation to cool the cask 20.

[0072] Itbears notingthatin another scenario, the cool-
ing jacket 100 may be filled with dry ice first before place-
ment around the cask 20. The method is not limited by
either scenario; however the first scenario is generally
preferred as it preserves the dry ice the longest by adding
itafterthe caskis positioned inside the cooling jacket 100.
[0073] Heatemitted external surface of the cask by the
cask 20 by the spent nuclear fuel contained therein is
transferred radially outwards across interstitial space 140
to the cooling jacket 100. The heat is absorbed by the
dry ice in this non-limiting example which becomes heat-
ed. The dry ice undergoes sublimation changing from its
initial unheated solid phase directly to gaseous carbon
dioxide (CO2) inside the cooling medium cavity 109 of
the cooling jacket, thereby cooling the cask. The gaseous
CO2 rises in cooling medium cavity 109 and is vented to
the ambient atmosphere via the vents 165 in the cooling
jacket top closure plate 116. Continued heating of the
dry ice by the heat emitted from cask 20 continuously
accelerates converts more and more of the dry ice to
vaporous CO2. The external and/or internal temperature
of the cask may be monitored by suitable temperature
sensors (e.g. thermistors, thermocouples, thermome-
ters, etc.) to determine the effectiveness of the cask cool-
ing operation. When the dry ice is depleted to an amount
which results in the increase in the external and/or inter-
nal temperature of the cask detected by the temperature
sensors, additional quantities of dry ice may be added to
cooling jacket 100 as needed.

[0074] It bears noting that the dry ice will begin to sub-
limate when placed inside the cooling jacket 100 at nor-
mal atmospheric pressure alone, but at a slower rate than
when the cask is in place inside the cooling jacket. The
added heat emitted by the cask 20 from the SNF housing
therein (e.g. such as within nuclear fuel canister 60) ac-
celerates the sublimation process and depletion rate of
the dry ice as the heat is absorbed.

[0075] Once the cooling jacket 100 is mounted to cask
20, the method may further include lifting and moving the
assembly from a first location to a second location in the
nuclear power generation facility and/or fuel storage fa-
cility.

[0076] In other possible variations of the foregoing
method, the cooling jacket 100 may first be position on
the desired available horizontal support surface (which
may be atgrade, below grade, or above gradein anuclear
power generation or nuclear fuel storage facility, and then
the cask may be raised and lowered inside the cooling
jacket. This deployment mode of the cooling jacket is
only possible where the inside diameter of the cooling
jacket (defined by inner shell 101 or diametrical distance
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between spacers 141 if provided) is larger than the larg-
est outside diameter of the cask. In this embodiment, the
top mounting hangers 150 are omitted and the bottom
end 105 of the cooling jacket 100 defined by bottom clo-
sure plate 117 would engage the available support sur-
face. For cask 20 configured disclosed herein, it bears
noting that the largest outside diameter is defined by the
annular bottom flange 26 and is larger than the smallest
inside diameter of the cooling jacket 100. Accordingly,
for such a cask configuration, the method must be prac-
ticed by lowering the cooling jacket 100 over the cask
20, orlaterally positioning cooling jacket segments 100-1,
100-2 if provided around the cask as initially discussed
above. This results in the assembly cooling jacket and
cask arrangementshown in FIGS. 16-17 and already dis-
cussed above.

[0077] FIGS. 18-31 depict an embodiment of a cooling
jacket 200 suitable for use with horizontal storage of
spent nuclear fuel (SNF) which is used in some nuclear
waste storage facilities. Horizontal cooling jacket 200 is
similar in design, construction, and operation to vertical
cooling jacket 100 previously described herein. For the
sake of brevity, only notable differences will be described
now.

[0078] Referringto FIGS.18-31, coolingjacket200 has
a horizontal orientation when deployed on the cask 20
which is oriented horizontally (see, e.g. FIGS. 30-31).
Cooling jacket 200 may comprise a single semi-circular
segment 100-1 which arches over and covers the top
half portion of the cylindrical sidewalls of the horizontal
cask. A plurality of lifting plates 210 are rigidly affixed to
the outer shell 102 of cooling jacket 200 such as via weld-
ing, brazing, soldering, fasteners and clips, etc. In one
embodiment, at least four lifting plates are provided to
provide a balanced load for lifting via a crane or hoist to
position the cooling jacket over the cask. Cutouts 211
may be formed in the outer insulating jacket 170 to allow
the lifting plates to project outwards beyond the insulating
jacket for rigging.

[0079] In the present horizontal embodiment of the
cooling jacket 200, the access hatches 160 and vents
165 are formed through the outer shell 102 of the jacket
and communicate with cooling medium cavity 109 inside
the jacket. In one embodiment, a series of longitudinally
spaced apart hatches 160 and vents 165 may be formed
at the top dead center location in the outer shell 102; the
latter for venting the gaseous CO2 produced by sublima-
tion of the dry ice to atmosphere from the cooling medium
cavity 109 of cooling jacket 200 when in use. A longitu-
dinally-extending channel 212 is formed in the outer in-
sulating jacket 170 to accommodate the hatches and
vents.

[0080] Coolingjacket200 furtherincludes substantially
flat and linear bottom support plates 235 on each side,
which are analogous and similar in construction, design,
and to end plates 135 of vertical cooling jacket 100. The
support plates 235 support the weight of the cooling jack-
et 200. Arcuately curved and flat end closure plates 217
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are provided on each longitudinal end of the cooling jack-
et 200, which are analogous and similar in construction,
design, and function to bottom closure plate 117 of cool-
ing jacket 100.

[0081] A pair of vertical standoffs 202 are provided
which engage and support the bottom of each side of the
cooling jacket 200. Standoffs 202 elevate the cooling
jacket above the support surface 220 on which the cask
20 is supported from (see, e.g. FIG. 28). The standoffs
are laterally spaced apart. Each standoff includes a flat
horizontal top plate 203 and opposing bottom plate 204,
a plurality of flat longitudinal spaced vertical support
plates 201 extending perpendicularly between the top
and bottom plates. An optional outer cover plate 205 and
inner cover plate 206 may be provided which enclose the
open spaces formed between the support plates 201 and
further stiffen the standoff structures. Top plates 203
each abuttingly engage one of the bottom support plates
235 of cooling jacket 200 in a flat-to-flat interface when
cooling jacket 200 is placed on standoffs 202. In some
embodiment, the bottom support pleats 235 of cooling
jacket 200 and top plates 203 of standoffs 202 may be
detachably coupled together during use of the cooling
jacket via a plurality of fasteners, clamps, or other tem-
porary securement means.

[0082] Cooling jacket 200 also includes a plurality of
spacers 141 similarly to vertical cooling jacket 100 which
are located in the central space 103 defined by the cool-
ing jacket to receive the cask 200 at least partially therein.
The spacers maintain the interstitial space 140 formed
between the cask and cooling jacket 200 in a similar man-
ner as well.

[0083] Although coolingjacket200is shown asasingle
assembly, in other possible embodiments the cooling
jacket may be formed of multiple arcuate segments each
less than a half circle.

[0084] In order to further structurally strengthen the
cooling jacket 200, the jacket may also include a plurality
of horizontally/longitudinally spaced apart radial stiffen-
ing plates 236 arranged in the internal cooling medium
cavity of the jacket (see, e.g. FIG. 29). These plates serve
a similar function to stiffening plates 136 of vertical cool-
ing jacket 100. Stiffening plates 236 are vertically orient-
ed when a vertical cask 20 is used as shown in the pres-
ently described embodiment. Stiffening plates 136 are
arcuately curved in shape and extend in aradial direction
between the inner and outer shells 101, 102 of cooling
jacket 200. Stiffening plates 136 are preferably rigidly
attached to the inner and outer shells 101, 102 such as
via welding, brazing, soldering, fasteners and clips, etc.
The method used depends on the selection of metallic
material for the inner and outer shells.

[0085] The horizontal cooling jacket 200 is positioned
or deployed about cask 20 and used in a similar manner
to vertical cooling jacket 100 previously described herein
to externally cool the cask. In the illustrated embodiment,
cooling jacket 200 is raised completely over the horizon-
tally oriented cask 20 and lowered into position on the
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standoffs 202 which may already be positioned on the
horizontal support surface 220. In other possible embod-
iments, the standoffs 202 may alternatively be detacha-
bly coupled to the cooling jacket 200 before placement
on the support surface 220 about the cask.

[0086] Variations in the sequence of steps related to
any of the foregoing cooling jacket deployment methods
or processes previously described herein may be used
in practice and does not limit the invention.

[0087] Eitherthe vertical or horizontal embodiments of
the cooling jacket 100 or cooling jacket 200 disclosed
herein provides flexibility to the designer to tailor the rate
of heat extraction to the cask’s needs by controlling pa-
rameters such as the radial gap (interstitial space 140)
between the cask and cooling jacket, and absorptivity of
the cooling jacket inner surface 107 and inner shell 101
material/thickness facing the cask. Means to identify the
quantity of remaining dry ice in the cooling jacket can be
discerned by telltale holes/connections at the top of the
jacket cavity 109 or by suitably located sight glasses.
Although the cooling jackets 100, 200 are ideally suited
for cooling the cask during short term operations at a
worksite; the jackets are not normally intended for long
haul of loaded casks. Calculations show that the cooling
jacket 100 or 200 can optimally be sized for use with
transfer casks to maintain their cooling function for up to
12 hours with adequate margin (i.e. one extended worker
shift). For longer short-term operations, intermediate re-
plenishment of the dry ice in the jacket will typically be
required.

[0088] In alternative embodiments contemplated,
cooling jacket 100 may be incorporated into the body of
the cask 20 in lieu of being a detachably coupled device.
FIGS. 32 and 33 depict a cask 20 with incorporated and
integral cooling jacket.

[0089] In FIG. 32, integral cooling jacket 100 forms an
outermost portion of the body of the cask 20; the inner
gamma blocker cylinder (GBC) 40 and outer neutron
shield cylinder (NSC) 21 forming inboard portions of the
cask body. In this embodiment, the inner shell 101 of
cooling jacket 100 may be omitted and outer shell 32 of
NSC 21 provides the same function as inner shell 101 to
contain the cooling medium 120, which may be dry ice
in some embodiments. The cooling jacket 100 in this em-
bodiment need comprise only a single cylindrical outer
shell.

[0090] InFIG. 33, the integral cooling jacket 100 forms
an intermediate portion of the body of the cask 20 being
disposed and sandwiched between the inner gamma
blocker cylinder (GBC) 40 and outer neutron shield cyl-
inder (NSC) 21. In this embodiment, the inner shell 33 of
NSC 21 may provide the same function as outer shell
102 of cooling jacket 100 which may be omitted.

[0091] Eachoftheintegral coolingjackets 100 of FIGS.
32 and 33 contain the same access hatches 160 and top
vents 165 as previously described herein for adding cool-
ing medium 120 to the cooling medium cavity 109 and
permit venting gaseous CO2 from the cavity, respective-
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ly.

[0092] It bears noting that the integral cooling jacket
100 of FIGS. 32 and 33 each may form part of the outer
neutron shield cylinder (NSC) 21 which may be separable
from the concentrically arranged inner gamma blocker
cylinder (GBC) 40 nested therein as previously described
herein. In other possible embodiments where the NSC
and GBC are not separable from each other as in con-
ventional cask body constructions, the inner shell 101 of
the integral cooling jacket 100 may be omitted entirely
as it is not necessary. In such a cask construction for the
embodiment of FIG. 33, the outer shell 48 of inner GBC
40 and inner shell 33 of outer NSC 21 form the inner and
outer containment boundaries of the cooling jacket 100,
respectively. The cooling medium 120 is therefore dis-
posed directly between and contacts shells 48 and 33.
The same top access hatches 60 and vents 65 are pro-
vided through the cask structure for adding cooling me-
dium and venting gases from cooling medium cavity 109
to atmosphere, as previously described herein. This uni-
tary cask body construction embodimentis shownin FIG.
34.

[0093] Although the cask embodiments shown in
FIGS. 32-34 are illustrated as containing a single integral
cooling jacket 100, in other possible embodiments more
than one cooling jacket 100 may be provided which may
each contain the same or a different type of cooling me-
dium in various implementations and uses.

[0094] While the foregoing description and drawings
represent some example systems, it will be understood
that various additions, modifications and substitutions
may be made therein without departing from the scope
of the invention as claimed in the appended set of claims.

Claims

1. A cask cooling system for a cask (20) containing
spent nuclear fuel, the system comprising:

the cask (20) comprising a longitudinal axis (LA)
and a body defining an internal longitudinal stor-
age cavity (44) configured to hold the spent nu-
clear fuel which generates heat;

an annular cooling jacket (100) extending cir-
cumferentially around an external surface of the
body;

the cooling jacket (100) including an internal
cooling medium cavity (109) configured to hold
a cooling medium having a temperature lower
than the cask, the cooling medium providing an
external heat sink for absorbing heat emitted by
the spent nuclear fuel through the external sur-
face of the cask;

characterised in that during use of the cask
cooling system

the cooling medium is dry ice in pellet or block
form.
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2.

The cask cooling system according to claim 1,
wherein the cooling jacket (100) comprises an inner
shell (101) and an outer shell (102), the internal cool-
ing medium cavity (109) being defined between the
inner and outer shells; and wherein the cooling jacket
further comprises an annular top closure plate (116)
affixed to top ends (111, 113) of the inner and outer
shells, and an annular bottom closure plate (117)
affixed to bottom ends (112, 114) of the inner and
outer shells.

The cask cooling system according to any of claims
1-2, wherein the cooling jacket (100) has a height
which extends for a majority of the height of the body
of the cask (20) and wherein the inner and outer
shells of (101, 102) the cooling jacket are metallic.

The cask cooling system according to claim 3 where-
in the inner shell (101) is formed of a metal having
agreater heat transfer coefficient than the outer shell
(102).

The cask cooling system according to any one of
claims 1-4, further comprising a plurality of circum-
ferentially spaced apart stiffening plates (136) ar-
ranged in the internal cooling medium cavity (109)
of the cooling jacket (100) and extending in a radial
direction between the inner and outer shells (101,
102), the stiffening plates extending for a full height
of the inner and outer shells to divide the internal
cavity into a plurality of cooling compartments (137)
each configured for holding the cooling medium.

The cask cooling system according to claim 2,
wherein the top closure plate (116) includes an open-
able and closeable access hatch (160) for filling the
internal cooling medium cavity (109) of the cooling
jacket (100) with the cooling medium.

The cask cooling system according to claim 2,
wherein the cooling medium is dry ice and the top
closure plate (116) further includes at least one vent
(165) in fluid communication with the internal cooling
medium cavity (109) of the cooling jacket (100), the
at least one vent configured for venting gaseous car-
bon dioxide to atmosphere from the internal cooling
medium cavity which is created by sublimation of the
dryice when absorbing heat emitted by the cask (20).

The cask cooling system according to any one of
claims 1-7, wherein the cooling jacket (100) is de-
tachably mounted to the cask (20).

The cask cooling system according to claim 8,
wherein the cooling jacket (100) further comprises a
plurality of hangers (150) configured to hang the
cooling jacket from a top surface of the cask (20) in
a suspended manner.
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The cask cooling system according to claim 9,
wherein the hangers (150) comprise L-shaped
brackets including a vertical section (150-1) fixedly
attached to an upper portion of the cooling jacket
(100) and a horizontal section (150-2) extending in-
wards beyond the cooling jacket to engage a periph-
eral top portion of the cask (20).

The cask cooling system according to claim 1, further
comprising a circumferentiallyextending insulation
jacket (170) attached to an external surface of the
cooling jacket (100).

The cask cooling system according to claim 1,
wherein the cooling jacket (100) further comprises a
plurality of circumferentially spaced apart spacers
(140) arranged on an internal surface (107) of the
cooling jacket, the spacers forming an annular inter-
stitial space between the cooling jacket and cask
which is heated by heat emitted from the cask (120).

The cask cooling system according to claim 1,
wherein the cooling jacket (100) comprises a first
semi-circular segment (100-1) and a second semi-
circular segment (100-2) abutted against the first
semi-circular segment to form a continuous circular
structure.

The cask cooling system according to claim 1,
wherein the cask (20) and cooling jacket (100) have
a vertical orientation.

The cask cooling system according to claim 14,
wherein each of the first and second semi-circular
segments (100-1, 100-2) comprises a pair of vertical
end plates (135) extending between the inner and
outer shells (101, 102) arranged at opposing sides
of each segment, the end plates of the first semi-
circular segment abutting the end plates of the sec-
ond semi-circular segment.

The cooling jacket according to claim 2, wherein the
inner and outer shells (101, 102) are cylindrical in
shape, the inner shell formed of copper or aluminum
for optimum heat transfer.

A method for cooling a cask (20) containing spent
nuclear fuel, the method comprising:

at least partially surrounding the cask (20) with
a cooling jacket (100) defining an internal cool-
ing medium cavity (109) containing a cooling
medium;

emitting heat produced by the spent nuclear fuel
through an external surface of the cask (20);
heating the cooling medium in the cooling jacket
(100) by the heat emitted from the cask (20); and
changing phase of the cooling medium which
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absorbs the emitted heat to cool the cask (20);
characterised in that

the cooling medium is dry ice which changes
phase via sublimation from a solid to a gaseous
vapor to cool the cask (20); and further compris-
ing venting the gaseous vapor from the internal
cooling medium cavity of the cooling jacket (100)
via a plurality of vents (165) formed in the cooling
jacket.

The method according to claim 17, wherein the sur-
rounding step further includes hanging the cooling
jacket (100) from a top of the cask (20) in a suspend-
ed manner.

The method according to any one of claims 17-18,
wherein the cooling jacket (100) has an annular
shape which completely surrounds the cask (20),
and the surrounding step further includes forming an
annularinterstitial space (140) between the cask and
cooling jacket which is heated by the heat emitted
from the cask and wherein the cooling jacket has an
arcuately curved shape which partially surrounds the
cask.

Patentanspriiche

1.

Ein Behalterkiihlsystem fiir einen Behalter (20), der
abgebrannten Kernbrennstoff enthalt, wobei das
System umfasst:

den Behalter (20), der eine Langsachse (LA)
und einen Korper aufweist, welcher einen inne-
ren longitudinalen Speicherhohlraum (44) defi-
niert, welcher derart ausgebildet ist, dass dieser
den abgebrannten Kernbrennstoff aufnimmt,
welcher Warme erzeugt;

einen ringférmigen Kihlmantel (100), der sich
umfangsmaRig um eine AuRenflache des Kor-
pers erstreckt;

wobei der Kilhimantel (100) einen inneren Kihl-
mediumhohlraum (109) umfasst, welcher derart
ausgebildet ist, dass dieser ein Kihimedium
halt, dessen Temperatur niedriger als die des
Behalters ist, wobei das Kihimedium eine ex-
terne Warmesenke zum Absorbieren von War-
me, welche von dem abgebrannten Kernbrenn-
stoff durch die AulRenflache des Behalters ab-
gegeben wird, bereitstellt;

dadurch gekennzeichnet, dass bei der Ver-
wendung des Behalterkiihlsystems das Kihl-
medium Trockeneis in Pellet- oder Blockformist.

Das Behalterkiihlsystem nach Anspruch 1, wobei
der Kiihimantel (100) eine innere Schale (101) und
eine dullere Schale (102) umfasst, wobei der innere
Kihlmediumhohlraum (109) zwischen der inneren
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und auReren Schale definiertist; und wobei der Kiihl-
mantel ferner eine ringférmige obere Verschluss-
platte (116), welche an den oberen Enden (111, 113)
der inneren und auferen Schale befestigt ist, und
eine ringférmige untere Verschlussplatte (117) um-
fasst, die an den unteren Enden (112, 114) der in-
neren und auleren Schale befestigt ist.

Das Behalterkiihlsystem nach einem der Anspriiche
1 oder 2, wobei der Kiihimantel (100) eine Hohe hat,
die sich Uber einen Grofiteil der Hoéhe des Behélter-
koérpers (20) erstreckt, und wobei die innere und du-
Rere Schale (101, 102) des Kiihimantels metallisch
sind.

Das Behalterklihlsystem nach Anspruch 3, wobeidie
innere Schale (101) aus einem Metall mit einem gré-
Reren Warmetbertragungskoeffizienten als die du-
Rere Schale (102) besteht.

Das Behalterkiihlsystem nach einem der Anspriiche
1 bis 4, fernerumfassend eine Vielzahl von umfangs-
mafig im Abstand zueinander angeordneten Ver-
steifungsplatten (136), welche in dem inneren Kiihl-
mediumhohlraum (109) des Kiihimantels (100) an-
geordnet sind und sich in radialer Richtung zwischen
der inneren und duferen Schale (101, 102) erstre-
cken, wobei sich die Versteifungsplatten Gber die ge-
samte Héhe der inneren und dufReren Schale erstre-
cken, um den inneren Hohlraum in eine Vielzahl von
Kuhlkompartiments (137) zu unterteilen, welche je-
weils zur Aufnahme des Kithimediums ausgebildet
sind.

Das Behalterklihlsystem nach Anspruch 2, wobeidie
obere Verschlussplatte (116) eine zu 6ffnende und
zu schlieRende Zugangsluke (160) zum Befiillen des
inneren Kihimediumhohlraums (109) des Kiihiman-
tels (100) mit dem Kihlmedium aufweist.

Das Behalterkiihlsystem nach Anspruch 2, wobei
das Kihimedium Trockeneis ist und die obere Ver-
schlussplatte (116) ferner mindestens eine Entlif-
tung (165) umfasst, welche mit dem inneren Kihl-
mediumhohlraum (109) des Kiihimantels (100) in
Fluidverbindung steht, wobei die mindestens eine
Entliiftung ausgebildet ist, um gasférmiges Kohlen-
dioxid aus dem inneren Kiihimediumhohlraum in die
Atmosphare abzulassen, welches durch Sublimati-
on des Trockeneises entsteht, wenn es die vom Be-
halter (20) abgegebene Warme aufnimmt.

Das Behalterkiihlsystem nach einem der Anspriiche
1 bis 7, wobei der Kiihimantel (100) abnehmbar am
Behalter (20) montiert ist.

Das Behalterkiihlsystem nach Anspruch 8, wobei
der Kihimantel (100) ferner mehrere Aufhanger
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(150) umfasst, die derart ausgebildet sind, dass sie
den Kiihimantel hangend an einer Oberseite des Be-
halters (20) aufhangen.

Das Behalterkiihlsystem nach Anspruch 9, wobei die
Aufhanger (150) L-férmige Halterungen umfassen,
die einen vertikalen Abschnitt (150-1), der fest an
einem oberen Abschnitt des Kiihimantels (100) be-
festigt ist, und einen horizontalen Abschnitt (150-2)
umfassen, welcher sich nach innen tber den Kuhl-
mantel hinaus erstreckt, um mit einem peripheren
oberen Abschnitt des Behalters (20) in Eingriff zu
kommen.

Das Behalterkiihlsystem nach Anspruch 1, welches
ferner einen sich umfangsmafRig erstreckenden Iso-
liermantel (170) umfasst, welcher an einer AuRen-
flache des Kiihimantels (100) befestigt ist.

Das Behalterkiihlsystem nach Anspruch 1, wobei
der Kihimantel (100) ferner eine Vielzahl von um-
fangsmaRig im Anstand zueinander angeordnete
Abstandshalter (140) umfasst, welche auf einer In-
nenflache (107) des Kiihimantels angeordnet sind,
wobei die Abstandshalter einen ringférmigen Zwi-
schenraum zwischen dem Kuhimantel und dem Be-
halter bilden, welcher durch die vom Behalter (120)
abgegebene Warme erwarmt wird.

Das Behalterkiihlsystem nach Anspruch 1, wobei
der Kihlmantel (100) ein erstes halbkreisformiges
Segment (100-1) und ein zweites halbkreisférmiges
Segment (100-2) umfasst, welches sich an das erste
halbkreisformige Segment anschlief3t, um eine kon-
tinuierliche kreisformige Struktur zu bilden.

Das Behalterkiihlsystem nach Anspruch 1, wobei
der Behalter (20) und der Kiihimantel (100) eine ver-
tikale Ausrichtung haben.

Das Behalterkiihlsystem nach Anspruch 14, wobei
jedesderersten und zweiten halbkreisférmigen Seg-
mente (100-1, 100-2) ein Paar von sich zwischen
der inneren und dufReren Schale (101, 102) erstre-
ckenden vertikalen Endplatten (135) umfasst, wel-
che an gegeniberliegenden Seiten jedes Segments
angeordnet sind, wobei sich die Endplatten des ers-
ten halbkreisférmigen Segments an den Endplatten
des zweiten halbkreisférmigen Segments anschlie-
Ren.

Das Behalterkiihlsystem nach Anspruch 2, wobei die
innere und aufRere Schale (101, 102) eine zylindri-
sche Form haben und die innere Schale flr eine op-
timale Warmeubertragung aus Kupfer oder Alumini-
um besteht.

Ein Verfahren zum Kiihlen eines Behalters (20), der



18.

19.

31 EP 3 918 615 B1 32

abgebrannten Kernbrennstoff enthalt, wobei das
Verfahren umfasst:

zumindest teilweises UmschlieRen des Behal-
ters (20) mit einem Kiihimantel (100), der einen
inneren Kihlmediumhohlraum (109) definiert,
welcher ein Kiihimedium enthalt;

Abgeben der vom abgebrannten Kernbrennstoff
erzeugten Warme Uber eine Aufenflache des
Behalters (20);

Erwarmen des Kihimediums in dem Kiihimantel
(100) durch die vom Behalter (20) abgegebene
Warme; und

Wechseln der Phase des Kiihimediums, das die
abgegebene Warme aufnimmt, um den Behalter
(20) zu kuhlen;

dadurch gekennzeichnet, dass

das Kihlmedium Trockeneis ist, welches durch
Sublimation seine Phase von einem Feststoff in
einen gasférmigen Dampf andert, um den Be-
halter (20) zu kiihlen; und ferner umfassend das
Ablassen des gasférmigen Dampfs aus dem in-
neren Kihimediumhohlraum des Kihimantels
(100) Uber eine Vielzahl von Entliften (165),
welche im Kiihimantel ausgebildet sind.

Das Verfahren nach Anspruch 17, wobei der Schritt
des UmschlielRens ferner das Aufhangen des Kiihl-
mantels (100) hdngend an der Oberseite des Behal-
ters (20) umfasst.

Das Verfahren nach einem der Anspriiche 17 oder
18, wobei der Kihimantel (100) eine ringférmige
Form hat, welche den Behalter (20) vollstandig um-
schlie3t, und der Schritt des UmschlieRens ferner
die Bildung eines ringférmigen Zwischenraums
(140) zwischen dem Behalter und dem Kiihimantel
umfasst, welcher durch die vom Behalter abgege-
bene Warme erwarmt wird, und wobei der Kiihiman-
tel eine bogenférmig gekrimmte Form aufweist, wel-
che den Behalter teilweise umschlief3t.

Revendications

1.

Systeme de refroidissement de chateau de transport
pour un chateau de transport (20) contenantun com-
bustible nucléaire épuisé, le systeme comprenant :

le chateau de transport (20) comprenant un axe
longitudinal (LA) et un corps définissant une ca-
vité de stockage longitudinale interne (44) con-
figurée pour contenir le combustible nucléaire
épuisé qui génére de la chaleur ;

une chemise de refroidissement annulaire (100)
s’étendant de maniéere circonférentielle autour
d’'une surface externe du corps ;

la chemise de refroidissement (100) incluant
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une cavité interne pour agent de refroidissement
(109) configurée pour contenir un agent de re-
froidissement présentant une température infé-
rieure au chateau de transport, I'agent de refroi-
dissement fournissant un dissipateur thermique
externe pour absorber la chaleur émise par le
combustible nucléaire épuisé a travers la surfa-
ce externe du chateau de transport ;

caractérisé en ce que pendant l'utilisation du
systeme de refroidissement de chateau de
transport I'agent de refroidissement est de la
glace seche sous forme de pastille ou de bloc.

Systeme de refroidissement de chateau de transport
selon la revendication 1, dans lequel la chemise de
refroidissement (100) comprend une coque interne
(101) et une coque externe (102), la cavité interne
pour agentde refroidissement (109) étant définie en-
tre les coques interne et externe ; et dans lequel la
chemise de refroidissement comprend en outre une
plaque de fermeture supérieure annulaire (116) fixée
sur des extrémités supérieures (111, 113) des co-
ques interne et externe, et une plaque de fermeture
inférieure annulaire (117) fixée sur des extrémités
inférieures (112, 114) des coques interne et externe.

Systeme de refroidissement de chateau de transport
selon 'une quelconque des revendications 1-2, dans
lequel la chemise de refroidissement (100) présente
une hauteur qui s’étend sur une majorité de la hau-
teur du corps du chateau de transport (20) et dans
lequel les coques interne et externe (101, 102) de la
chemise de refroidissement sont métalliques.

Systeme de refroidissement de chateau de transport
selon la revendication 3 dans lequel la coque interne
(101) est composée d’'un métal présentant un coef-
ficient de transfert thermique supérieur a celui de la
coque externe (102).

Systeme de refroidissement de chateau de transport
selon I'une quelconque des revendications 1-4 com-
prenant en outre une pluralité de plaques de renfort
espacées de maniere circonférentielle (136) agen-
cées dans la cavité interne pour agent de refroidis-
sement(109) de la chemise de refroidissement (100)
et s’étendant dans une direction radiale entre les co-
ques interne et externe (101, 102), les plaques de
renfort s’étendant sur toute la hauteur des coques
interne et externe pour diviser la cavité interne en
une pluralité de compartiments de refroidissement
(137) chacun configuré pour contenir I'agent de re-
froidissement.

Systeme de refroidissement de chateau de transport
selon la revendication 2, dans lequel la plaque de
fermeture supérieure (116) inclut une trappe d’acces
pouvant étre ouverte et fermée (160) pour remplir la
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cavité interne pour agent de refroidissement (109)
de la chemise de refroidissement (100) avec I'agent
de refroidissement.

Systeme de refroidissement de chateau de transport
selon la revendication 2, dans lequel I'agent de re-
froidissement est de la glace séche et la plaque de
fermeture supérieure (116) inclut en outre au moins
un évent (165) en communication fluidique avec la
cavité interne pour agent de refroidissement (109)
de la chemise de refroidissement (100), 'au moins
un évent étant configuré pour évacuer le dioxyde de
carbone gazeux vers I'atmospheére provenant de la
cavité interne pour agent de refroidissement qui est
créé par sublimation de la glace seche lorsqu’elle
absorbe la chaleur émise par le chateau de transport
(20).

Systeme de refroidissement de chateau de transport
selonl’'une quelconque des revendications 1-7, dans
lequel la chemise de refroidissement (100) est mon-
tée de maniére amovible sur le chateau de refroidis-
sement (20).

Systeme de refroidissement de chateau de transport
selon la revendication 8, dans lequel la chemise de
refroidissement (100) comprend en outre une plura-
lité de crochets (150) configurés pour accrocher la
chemise de refroidissement a une surface supérieu-
re du chateau de transport (20) de maniére suspen-
due.

Systeme de refroidissement de chateau de transport
selon la revendication 9, dans lequel les crochets
(150) comprennent des supports en L incluant une
section verticale (150-1) fixée a demeure a une par-
tie supérieure de la chemise de refroidissement
(100) et une section horizontale (150-2) s’étendant
vers l'intérieur au-dela de la chemise de refroidisse-
ment pour venir en prise avec une partie supérieure
périphérique du chateau de transport (20).

Systeme de refroidissement de chateau de transport
selon la revendication 1, comprenant en outre une
chemise isolante s’étendant de maniére circonféren-
tielle (170) fixée a une surface externe de la chemise
de refroidissement (100).

Systeme de refroidissement de chateau de transport
selon la revendication 1, dans lequel la chemise de
refroidissement (100) comprend en outre une plura-
lité d’espaceurs espacés de maniére circonférentiel-
le (140) agenceés sur une surface interne (107) de la
chemise de refroidissement, les espaceurs formant
un espace interstitiel annulaire entre la chemise de
refroidissement et le chateau de transport qui est
chauffé par la chaleur émise par le chateau de trans-
port (120).
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14.
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Systeme de refroidissement de chateau de transport
selon la revendication 1, dans lequel la chemise de
refroidissement (100) comprend un premier seg-
ment semi-circulaire (100-1) et un second segment
semi-circulaire (100-2) en butée contre le premier
segment semi-circulaire pour former une structure
circulaire continue.

Systeme de refroidissement de chateau de transport
selon la revendication 1, dans lequel le chateau de
transport (20) etla chemise de refroidissement (100)
présentent une orientation verticale.

Systeme de refroidissement de chateau de transport
selon la revendication 14, dans lequel chacun des
premier et second segments semi-circulaires
(100-1, 100-2) comprend une paire de plaques d’ex-
trémité verticales (135) s’étendant entre les coques
interne etexterne (101, 102) agencées sur des cotés
opposés de chaque segment, les plaques d’extré-
mité du premier segment semi-circulaire étanten bu-
tée contre les plaques d’extrémité du second seg-
ment semi-circulaire.

Chemise de refroidissement selon la revendication
2, dans laquelle les coques interne et externe (101,
102) sontde forme cylindrique, la coque interne étant
composée de cuivre ou d’aluminium pour un trans-
fert de chaleur optimal.

Méthode de refroidissement d’'un chateau de trans-
port (20) contenantun combustible nucléaire épuisé,
la méthode comprenant :

I'encerclement au moins partiel du chateau de
transport (20) avec une chemise de refroidisse-
ment (100) définissant une cavité interne pour
agent de refroidissement (109) contenant un
agent de refroidissement ;

I’émission de chaleur produite par le combusti-
ble nucléaire épuisé a travers une surface ex-
terne du chéateau de transport (20) ;

le chauffage de I'agent de refroidissement dans
la chemise de refroidissement (100) par la cha-
leur émise par le chateau de transport (20) ; et
le changement de phase de I'agent de refroidis-
sement qui absorbe la chaleur émise pour re-
froidir le chateau de transport (20) ;
caractérisée en ce que

I'agent de refroidissement est de la glace seche
qui change de phase par 'intermédiaire d’'une
sublimation d’'un état solide a un état de vapeur
gazeuse pour refroidir le chateau de transport
(20) ; et comprenant en outre I'évacuation de la
vapeur gazeuse de la cavité interne pour agent
de refroidissement de la chemise de refroidis-
sement (100) par l'intermédiaire d’'une pluralité
d’évents (165) formés dans la chemise de re-
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froidissement.

Méthode selon la revendication 17, dans laquelle
I'étape d’encerclement inclut en outre I'accrochage
de la chemise de refroidissement (100) a une partie
supérieure du chateau de transport (20) de maniére
suspendue.

Méthode selon I'une quelconque des revendications
17-18, dans laquelle la chemise de refroidissement
(100) présente une forme annulaire qui encercle en-
tierement le chateau de transport (20), et I'étape
d’encerclement inclut en outre la formation d’un es-
pace interstitiel annulaire (140) entre le chateau de
transport et la chemise de refroidissement qui est
chauffé par la chaleur émise par le chateau de trans-
port et dans laquelle la chemise de refroidissement
présente une forme incurvée arquée qui encercle
partiellement le chateau de transport.
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