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Description

BACKGROUND

[0001] Horizontal storage modules (HSMs) are typical-
ly used for the dry storage and containment of radioactive
materials as ventilated canister storage systems at reac-
tor or other storage sites. Previously designed HSMs are
generally manufactured from reinforced concrete as a
single body unit with an attachable lid or a roof atop.
These HSMs may have dimensions of about 16-20 feet
(1 foot = 0.3 m) in height, by about 8-10 feet in width and
about 20-22 feet in length. The weight of these single
body unit HSMs can be around 300,000 lbs (145,000
kgs) (unloaded, i.e., without the canister). The footprint
limits storage facility capabilities.
[0002] HSM units are typically constructed at a manu-
facturing site in two pieces (base and lid or roof). The
pieces are then shipped to a reactor or storage site for
use. Due to shipping regulations, single body unit HSMs
must be shipped by rail or barge. In view of the size and
weight, the shipping costs for such large, heavy unit
HSMs have become very high and, in some cases, cost
prohibitive.
[0003] There exists a need for an improved HSM de-
sign having a smaller footprint to expand storage facility
capabilities. In addition, there exists a need for a modular
HSM that can be constructed on site. Further, there exists
a need for improved access and handling of canisters
being transferred to and from HSMs. Embodiments of
the present disclosure are directed to fulfilling these and
other needs.
[0004] JP2000056071A discloses a HSM comprising
two rows of compartments for canisters containing nu-
clear materials, the compartments being at two different
elevations.
[0005] RU2069395C1 discloses a device for burial of
nuclear wastes, the device comprising asymmetric ellip-
soid vessels received in honeycomb shaped container
filled with polymer.

SUMMARY

[0006] The invention proposes a horizontal storage
module (HSM) as defined in claim 1. Optional features
of the HSM are defined in claims 2 - 12.
[0007] The invention also proposes a method of con-
structing a HSM as defined in claim 13. An optional fea-
ture of the method is defined in claim 14.
[0008] The invention also proposes a method of load-
ing a canister in a HSM as defined in claim 15.

DESCRIPTION OF THE DRAWINGS

[0009] The foregoing aspects and many of the attend-
ant advantages of this disclosure will become more read-
ily appreciated as the same become better understood
by reference to the following detailed description, when

taken in conjunction with the accompanying drawings,
wherein:

FIGURE 1 is an isometric view of a high-density hor-
izontal storage module (HSM) in accordance with
one embodiment of the present disclosure;
FIGURE 2 is a cutaway front view of the high-density
HSM of FIGURE 1;
FIGURE 3 shows comparative front views of two sys-
tems: a previously designed HSM arrangement and
the high-density HSM of FIGURE 1;
FIGURE 4 shows comparative front and top views
of a previously designed HSM arrangement and an-
other arrangement in accordance with embodiments
of the present disclosure;
FIGURE 5 is an isometric view of a high-density HSM
in accordance with yet another embodiment of the
present disclosure;
FIGURES 6-8 are isometric views of various roof de-
signs for high-density HSMs in accordance with em-
bodiments of the present disclosure;
FIGURES 9 to 11 are isometric views illustrating one
method of manufacture of a high-density HSM in ac-
cordance with one embodiment of the present dis-
closure; and
FIGURES 12-18 are isometric view showing a lifting
assembly and the sequence steps of lifting a canister
for loading into the top row of compartments of a high
density HSM in accordance with one embodiment of
the present disclosure.

DETAILED DESCRIPTION

[0010] The detailed description set forth below in con-
nection with the appended drawings, where like numerals
reference like elements, is intended as a description of
various embodiments of the disclosed subject matter and
is not intended to represent the only embodiments. Each
embodiment described in this disclosure is provided
merely as an example or illustration and should not be
construed as preferred or advantageous over other em-
bodiments. The illustrative examples provided herein are
not intended to be exhaustive or to limit the disclosure to
the precise forms disclosed. Similarly, any steps de-
scribed herein may be interchangeable with other steps,
or combinations of steps, in order to achieve the same
or substantially similar result.
[0011] In the following description, numerous specific
details are set forth in order to provide a thorough under-
standing of exemplary embodiments of the present dis-
closure. It will be apparent to one skilled in the art, how-
ever, that many embodiments of the present disclosure
may be practiced without some or all of the specific de-
tails. In some instances, well-known process steps have
not been described in detail in order not to unnecessarily
obscure various aspects of the present disclosure. Fur-
ther, it will be appreciated that embodiments of the
present disclosure may employ any combination of the
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features described herein.
[0012] Embodiments of the present disclosure are di-
rected to horizontal storage modules (HSMs), for exam-
ple, used for the dry storage and containment of radio-
active materials as ventilated canister storage systems
having modular constructions, and methods of manufac-
turing the same. Methods of manufacturing may include
manufacture, construction, and/or fabrication. Referring
to FIGURES 1 and 2, a high density HSM assembly 10
constructed in accordance with one embodiment of the
present disclosure is provided.
[0013] The HSM 10 in the illustrated embodiment of
FIGURES 1 and 2 includes a body 20 defining a plurality
of compartments 22 configured for receiving canisters C
that may contain radioactive materials. The body 20 in-
cludes a front face 24, a rear wall 26, and a plurality of
interior dividing walls 28 defining the plurality of compart-
ments 22.
[0014] The HSM 10 includes a plurality of front entry
holes 30 leading to each of the plurality of compartments
22 for supporting individual canisters C. Shielding doors
(not shown) can be used to close the front entry holes
30 of the HSM 10 after the canisters C have been re-
ceived. A roof or lid 32 can be constructed integrally with
the dividing walls 28 or can be manufactured separately
from the body 20 and placed on top of the body 20 when
the HSM 10 is assembled on site for use, as described
in greater detail below.
[0015] Inside the compartments 22, the canisters C
may rest on suitable resting devices 34, such as pillow
blocks, bearing blocks, or rails (see also, pillow blocks
234 in FIGURE 5). The canisters C can be inserted by
being pushed into the entry holes 30, for example, along
rails or bearing blocks, or by being set down on the sup-
port pillow blocks, as described in greater detail below.
The sizing of the entry holes 30 along with the configu-
ration and/or sizing or rails, pillow blocks, or bearing
blocks can be used to accommodate canisters C having
different diameters.
[0016] The HSM includes provisions in the front and
back of the cavities for retaining the canister C in hori-
zontal orientation (in case of a seismic event). In one
embodiment, the canister C may be free to slide in the
compartment cavity 36 to some degree. In one embodi-
ment, the canister C may be anchored to the pillow blocks
to prevent significant sliding.
[0017] In one embodiment of the present disclosure,
each compartment 22 shares a common dividing wall 28
with at least one other compartment 22. In another em-
bodiment, each compartment 22 shares a common di-
viding wall 28 with at least two other compartments 22.
[0018] In the illustrated embodiment of FIGURES 1
and 2, the HSM 10 includes five compartments 22 for
receiving five separate canisters C. The five compart-
ments 22 are arranged in a staggered configuration hav-
ing a bottom row 40 and a top row 42. An exemplary
staggered configuration is shown in the illustrated em-
bodiment, such that the compartments are arranged in

a first row at a first elevation and a second row at a second
elevation higher than the first elevation, and wherein at
least a portion of one compartment in the first row is in
the same horizontal axis location as at least a portion of
one compartment in the second row. In that regard, the
compartment in the second row may not be directly po-
sitioned on top of the compartment in the first row. In-
stead, the compartments may be staggered and only
have some overlap on point along a horizontal axis.
[0019] In one embodiment, each compartment 22 is
adjacent to at least two other compartments 22. In an-
other embodiment, adjacent compartments 22 may
share a common dividing wall. The top compartments 22
are adjacent three other compartments 22. The bottom
center compartment 22 is adjacent four other compart-
ments 22.
[0020] In the illustrated embodiment, each compart-
ment 22 is polygonal in cross-sectional shape. In other
embodiments, the compartments 22 may have rounded
walls instead of planar walls or a combination thereof (for
example, a keyhole shape). In another embodiment, the
structure may have a honeycomb configuration including
a plurality of adjacent hexagonal cells.
[0021] In one non-limiting example, at least a portion
of the compartments 22 may be hexagonal in cross-sec-
tional shape. The compartment can also have other po-
lygonal shapes such as triangular, rectangular, or pen-
tagonal. In the illustrated embodiment of FIGURES 1 and
2, the compartments 22 in the bottom row 40 have a five-
sided cross-sectional shape. The top row of compart-
ments 22 have five sides, and are designed to interface
with the five sided pattern of the bottom row.
[0022] Although illustrated as including five compart-
ments arranged in a honeycomb configuration, other
staggered configurations and arrangements are within
the scope of the present disclosure. As non-limiting ex-
amples, the number of compartments, arrangement of
compartments, number of rows, and/or cross-sectional
shapes of the compartments may vary. As one example,
the embodiment in FIGURE 4 is a staggered HSM having
eleven compartments. As another example, an HSM may
include compartments having non-hexagonal cross-sec-
tional shapes that share a common dividing wall with at
least one other compartment. In FIGURE 5, the HSM 210
includes key-hole shaped compartments 222. In another
embodiment, an HSM may include three or more rows
of compartments.
[0023] HSMs in accordance with embodiments of the
present disclosure may be manufactured from reinforced
concrete. For example, shielding walls can be made with
steel fiber concrete. Other types of concrete such as re-
inforced with rebar, heavy duty, steel or other type of
fibers.
[0024] Previously designed HSMs include enhanced
radioactive shielding performance, seismic capabilities,
heat rejection capabilities, and ruggedness for resisting
acts of sabotage. Moreover, previously designed HSMs
are fabricated off-site (or near site) so as to not require
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any major construction at the containment site. Embod-
iments of the present disclosure are also designed to
meet these criteria
[0025] HSMs in accordance with the present disclo-
sure are designed to have a reduced HSM footprint per
canister as compared to previously designed HSMs to
increase the storage capacity of a particular storage ar-
ray. Referring to FIGURE 4, a previously designed HSM
arrays are shown, including the HSM-H 2x11. Compar-
atively, a Staggered HSM 2x11 array in accordance with
one embodiment of the present disclosure has a signifi-
cantly reduced footprint area. In this example, the re-
duced Staggered HSM footprint is approximately 50% of
the previously HSM-H arrays.
[0026] A side-by-side comparison of an HSM Model
102 array and a Staggered HSM array is shown in FIG-
URE 3.
[0027] The height of an HSM designed in accordance
with embodiment of the present disclosure may be higher
than the previously designed HSMs (see FIGURE 3), for
example, a height increase of about 20 inches to about
40 inches (about 50 to about 100 cm). Despite the height
increase, the staggered array of the high density HSM
10 allows for a reduction in reinforced concrete for HSM
construction in the range of about 30 to 45%.
[0028] The HSM is supported by a concrete pad that
must meet requirements set forth by the Nuclear Regu-
latory Commission (NRC) or any other nuclear spent fuel
management regulatory authority. The HSM reduced
footprint also allows for a reduction in the costs and com-
plexities associated with the concrete pad based on re-
duced requirements for concrete pad length, concrete
hardness, soil stiffness, and other soil conditions. The
HSM may be anchored to the pad or free to slide.
[0029] As can be seen in FIGURE 4, the HSMs 10 of
the present disclosure may be arranged back-to-back in
an array to maximize the use of space.
[0030] Referring to FIGURES 1 and 2, the HSM 10
includes a roof or lid 32 including a plurality of outlet vents
44 located above the compartments 22. Inlet vents 46
are located at the bottom of the HSM 10 under the com-
partments 22. To reduce the radiation dose from the inlet
and outlet vents, theses vents may be included with dose
reduction hardware such as pipes, plates, or any other
suitable hardware. In addition or alternatively, dog leg
inlet and/or outlet vents can be used to reduce dose.
Outlet vent covers can also be used to reduce dose.
[0031] In the illustrated embodiment, each compart-
ment 22 has its own substantially vertical airflow path-
way. At least a first pathway 48 extends from each inlet
vent 46 to each compartment 22 and at least a second
pathway 50 extends from each compartment 22 to each
outlet vent 44. As system including a bottom location for
the inlet vents 46 and a top location for the outlet vents
44 is advantageous because it is unlikely there would be
blockage of both the inlet vents 46 and the outlet vents
44 in a flood event depending on the flood water height.
[0032] In another embodiment, a top vent from a com-

partment 22 in the bottom row 40 may vent into another
compartment 22 in the top row 42 before venting to am-
bient air.
[0033] The increase in height of the HSM 10 of the
present disclosure, as compared to previously designed
HSMs, compensates for heat removal from the bottom
row 40 of compartments 22. In addition, the cavity 36
sizing for the compartments 22 may include spacing for
heat shields between the compartment 22 interior sur-
face and the canister C outer surface.
[0034] In addition, the HSM 10 may include additional
vents in the back or side walls of the body 20 (see e.g.,
side lid vent 52 in FIGURE 1). Therefore, the HSM 10
may include more than one inlet vent and more than one
outlet vent per module.
[0035] In addition to a common lid 32, the HSM 10 may
further include an enhanced roof design for increased
resistance for missile and aircraft crash or any other im-
pact or explosion loads. In the illustrated embodiments
of FIGURES 6-8, alternative roof designs are provided.
These exemplary roof designs provide an impact spread-
er and may be used individually or together in combina-
tion with one another, and may be applied to roof and
walls. In FIGURE 6, the HSM 210 includes a reinforced
concrete slab 260 and pre-deformed steel pipes 262 on
top of roof 232. In FIGURE 7, the HSM 210 includes a
series of adjacent half pipes 270 on roof 232. In FIGURE
8, the HSM 210 includes a pre-tensioned concrete slab
272 on roof 232.
[0036] In some embodiments, the roof 232 may be
lined with an impact resistant polymer blanket for missile
protection and/or heavily reinforced to be resistant to air-
craft crash. In one embodiment of the present disclosure,
the roof 232 is supported fully on front and rear walls 24
and 26 of the HSM 10, without significant load being
transmitted to interior dividing walls 28.
[0037] Advantageous effects of a staggered, high den-
sity HSM 10 include the following. The HSM 10 includes
additional self-shielding as compared to previously de-
signed HSMs, due at least in part to the monolith structure
with no gaps. Further, the high-density HSM 10 has a
reduction of about 50% of the skyshine and direct dose
from the HSM array roof because there is no roof for the
bottom row 40 of compartments 22. In addition, there is
a significant reduction in the skyshine dose from the bot-
tom HSM roof vents because of the long chimneys for
those vents. The dose reduction hardware at the HSM
bottom arrays reduces inlet vent dose rates.
[0038] Other advantageous effects of the HSM 10 ac-
cording to the illustrated embodiment having at least
some of the compartments 22 with a hexagonal cross-
sectional shape include improved efficiency in the use of
space and material, increased concrete surface area sur-
rounding individual canisters for heat transfer, as com-
pared to a rectangular array, and better weight distribu-
tion in a staggered structure, resulting in improved struc-
tural strength. In addition, adjacent modules self-shield
each other similar to a rectangular array, with no indica-
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tion of a compromise in the shielding effectiveness as
compared to a rectangular array. Moreover, the hexag-
onal cross-sectional shape is a particularly efficient
shape for compressive strength and tensile strength.
[0039] In addition to impact loads resistance due to
explosives, missile or aircraft, the HSMs of the present
disclosure are further designed for increased resistance
to seismic events. The monolith array provides high seis-
mic resistance. Increasing the size of the monolith array
and the number of compartments can provide stronger
seismic performance and a lower center of gravity. The
monolith array may be free to slide on the pad with no
need for a high seismic pad design. In addition, the com-
partments and vent flow paths are visible and easy to
inspect for integrity after a seismic or other type of event,
such as flood or tsunami
[0040] The HSMs 10 of the present disclosure may be
manufactured as modular to simplify manufacture and
shipment or cast in place monolithically, as described in
greater detail below.
[0041] Referring to FIGURES 9-11, a monolithic cast
in horizontal lifts method for an HSM 10 will now be de-
scribed. The HSM assembly 10 includes a body portion
20 having a plurality of segments or layers 70, 72, 74
(see FIGURE 11) that can be constructed on top of one
another.
[0042] Such cast in lifts employs a construction joint
technique, as is described in greater detail below. In the
illustrated embodiment, the body portion 20 is divided
into three lifts; however, any number of body portion lifts
is within the scope of the present disclosure.
[0043] In the illustrated embodiment of FIGURE 11,
the three lifts 70, 72, and 74 of the body portion 20 have
construction joints between lifts in horizontal planes oc-
curring through the compartments 22. In one embodi-
ment of the present disclosure, the segments 70, 72, and
74 are substantially similar in at least one of size, shape,
and weight. The term "substantially" is used herein to be
within an acceptable range of engineering tolerance in
the industry. In other horizontal layering within the scope
of the present disclosure, the segments 70, 72, and 74
are not substantially similar in at least one of size, shape,
and weight.
[0044] In accordance with one embodiment of the
present disclosure, a method of manufacturing the lay-
ered body portion 20 will now be described. The modular
layer HSM assembly 10 may be constructed using rein-
forced concrete (or other types of concrete) that is poured
in a metal and/or wood forms (as illustrated in FIGURE
9). The first lift 70 of the body portion 20 is poured into
the forms, and allowed to harden. Thereafter, the second
lift 72 of the body portion 20 is formed and poured into
the forms on top of the hardened first lift 70 (as illustrated
in FIGURE 10). Subsequently, the third lift 74 is poured
into the forms on top of the hardened second lift 72 (as
illustrated in FIGURE 11). The roof or lid 32 may be
formed separately, or may be formed on top of or as part
of the hardened third lift 74.

[0045] By casting subsequent layers against a hard-
ened previous layer, the joints are almost invisible.
[0046] Because of casting in multiple layers 70, 72,
and 74, the hydrostatic pressure in each lift is substan-
tially decreased in a linear relation to the lift height, as
compared to a single body unit HSM. As the hydrostatic
pressure is reduced, the potential for dimensional devi-
ation in the lift 70, 72, and 74 is significantly reduced. As
a non-limiting example, for a three-lift concept, the hy-
drostatic pressure in each lift may be decreased in a lin-
ear relation to lift height to be approximately 1/3 of the
hydrostatic pressure in a comparable single body unit
HSM. Likewise, for a two-lift concept, the hydrostatic
pressure in each lift may be decreased to be approxi-
mately 1/2 of the hydrostatic pressure in a comparable
single body unit HSM.
[0047] Moreover, the forms for manufacturing the mod-
ular layer HSM assembly 10 are less expensive and more
reliable because they are not required to be stiffened for
handling the height requirements of a comparable single
body unit HSM.
[0048] Although described as using a single form, it
should be appreciated that the use of multiple forms for
the various different segments of the body portion 20 is
also within the scope of the present disclosure.
[0049] A suitable vertical attachment system may in-
clude using ties 76, such as rebar ties or rebar splicing
technique. Vertical rebar is left exposed during forming
and placement of lift 70. The rebar is then spliced and
tied to rebar of lift 72. Similarly, vertical rebar is extended
from lift 72 into lift 74 and spliced with matching rebar in
lift 74. Other vertical attachment systems are also within
the scope of the present disclosure.
[0050] Returning now to FIGURE 2, another method
of manufacturing the segmented body portion 20 using
a horizontal segment attachment method will now be de-
scribed. The modular layer HSM assembly 10 may be
constructed using reinforced concrete that is poured in
a single form. The segments 80, 82, 84, 86, 88, and 90
are divided along the vent path lines. The lid 32 may be
formed separately, or may be formed on top of the com-
plete hardened body portion 20. A horizontal attachment
system, such as a post tension system or any other suit-
able attachment system, may be used to attach the seg-
ments 80, 82, 84, 86, 88, and 90. A similar manufacturing
method may be used for forming other vertical segments.

LIFT ASSEMBLY

[0051] Referring now to FIGURES 12-18, a lift assem-
bly 120 and method for lifting a canister C for transfer
from a cask K into an entry hole 30 in the top row 42 of
an HSM 10 will now be described. The lift assembly 120
includes a frame assembly 122 having first and second
frame portions 124 and 126 for receiving a cask K con-
taining a canister C. The first and second frame portions
124 and 126 are connected to one another by a joinder
arm 128 (which is shown in a folded position in FIGURE
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12 and an extended position in FIGURE 13).
[0052] The lift assembly 120 is supported by a means
for conveyance, shown as a plurality of wheels 130, such
that the lift assembly 120 can be positioned at numerous
positions along the HSM 10 or in the storage facility. Re-
ferring to FIGURES 12 and 13, the wheels 130 may pivot
relative to the frame assembly 122 to allow for multidi-
rectional travel.
[0053] The means for conveyance may also include
other suitable types of conveyances besides wheels,
such as tracks, rollers, bearing pads, bearing surfaces,
air skids, and combinations thereof. In the illustrated em-
bodiment, the wheels 130 are configured for sideways
travel for positioning the lift assembly 120 at the HSM 10
and also for foldability and expansion (compare config-
uration of lift assembly 120 in FIGURES 12 and 13).
[0054] As can be seen in comparing FIGURES 12 and
13, the lifting assembly 120 may be foldable for compact
storage and movement in the storage facility. Upon ar-
rival at a position for lifting, the lift assembly 120 can be
expanded to its lifting configuration (see FIGURE 13). As
seen in FIGURE 13, width expansion is achieved by mov-
ing the first and second frame portions 124 and 126 out-
wardly away from each other. Joinder arm 128 includes
first and second arms portions 140 and 142 and an elbow
coupling 144. The arm portions 140 and 142 rotate rel-
ative to the first and second frame portions 124 and 126
and the elbow coupling 144 for arm extension. When the
joinder arm 128 is extended, the first and second frame
portions 124 and 126 are distanced from each other an
appropriate distance to receive a cask K for lifting (see
FIGURE 15). Comparing FIGURES 13 and 14, when the
elbow coupling 144 is in its fully extended position, a lock-
ing portion 146 can be moved to a locking position to
cover the elbow coupling 144 and prevent it from bending
during use. Other locking configurations for the joinder
arm 128 are also within the scope of the present disclo-
sure.
[0055] As seen in FIGURE 14, the lift assembly 120
has been expanded to its receiving and lifting configura-
tion and moved to couple with the HSM 10. The lift as-
sembly 120 includes a stabilization system for stabilizing
the lift assembly 120 and/or securing the lift assembly
120 to the HSM 10 to prevent movement during a seismic
event that may occur during the transfer process. The
stabilization system includes a ground anchor or outrig-
ger system 150 shown as first and second anchors 152
and 154 deployed from a first unengaged position (see
FIGURE 12) to a second engaged position (see FIGURE
14) are used to stabilize the lift assembly 120 when it is
received in a transfer position. Any suitable number of
anchors or outriggers in the ground anchor system (such
as one or more than two) is within the scope of the present
disclosure.
[0056] The stabilization system further includes an
HSM anchor system 160. In the illustrated embodiment,
the HSM anchor system 160 includes first and second
vertical arms 162 and 164 configured to engage with the

front surface of the HSM 10. The arms 162 and 164 are
respectively attached to the front of the first and second
frame portions 124 and 126. Each of the arms 162 and
164 includes a respective extension portion 166 and 168
for engaging with the top horizontal surface of the HSM
10. As the lift assembly 120 travels toward and approach-
es the HSM 10, the arms 162 and 164 are lifted upwardly
relative to the frame assembly 122 with the extension
portions 166 and 168 positioned above the top surface
of the HSM 10 (see FIGURE 13). When the lift assembly
120 is secured in its transfer position, the arms 162 and
164 are retracted downwardly relative to the frame as-
sembly 122 to engage the arms 162 and 164 with the
front substantially vertical surface of the HSM 10 and to
engage the extension portions 166 and 168 with the top
substantially horizontal surface of the HSM 10 (see FIG-
URE 14).
[0057] At the same time, the ground anchor or outrig-
ger system 150 may be deployed such that the means
for conveyance is inactivated. As seen in FIGURE 14,
with the ground anchor system 150 deployed wheels 130
are raised off the ground and free to pivot relative to the
frame assembly 122.
[0058] Referring now to FIGURE 15, a trailer T includ-
ing a skid S holding a cask K containing a canister C
approaches the lift assembly 120. The trailer T supporting
the skid S and cask K rolls toward the HSM 10 and is
received between the first and second frame portions
124 and 126 of the lift assembly 120.
[0059] Referring to FIGURE 16, gripping devices 170
from the lift assembly 120 engage with the skid S to se-
cure the skid S within the lift assembly 120 and prevent
movement during lifting.
[0060] Referring to FIGURES 17 and 18, lifting fea-
tures of the lift assembly 120 will now be described. The
lift assembly 120 includes a plurality of lifting actuators
or impact limiters 172 for use in moving the skid S and
cask K from a first elevation position (see FIGURE 17)
to a second elevation position (see FIGURE 18). The
lifting mechanism for moving the skid S and cask K from
a first elevation position to a second elevation position
includes multiple fail safe mechanisms which may in-
clude shock absorbers, impact limiters, rack and pinion
ratchet and friction brake, hydraulic load holding and
safety circuitry Other lifting systems are also within the
scope of the present disclosure.
[0061] Comparing FIGURES 17 and 18, the lift assem-
bly 120 lifts the skid S holding a cask K containing a
canister C from a first ground level elevation position to
a second elevation position. In the second elevation po-
sition, a canister C is transferred from a cask K into an
entry hole 30 in the top row 42 of an HSM 10. When the
skid S and cask K are in the second elevation position,
a linear actuator, shown as a telescoping ram device R
extends and pushes the canister C out of the cask K and
into the entry hole 30 in the top row 42 of an HSM 10.
[0062] Although shown and illustrated in a loading se-
quence for loading a canister C into an entry hole 30 in
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the top row 42 of an HSM 10, the lift assembly 120 can
also be used in an unloading sequence for removing a
canister C from an entry hole 30 in the top row 42 of an
HSM 10. In that regard, the telescoping ram device R
may also be used to retrieve the canister from the cavity
36 in the top row 42 of the HSM 10 and pull it into the
cask K. After being retrieved, the lift assembly 120 lowers
the skid S holding a cask K containing a canister C from
the second elevation position to the first ground level el-
evation position.
[0063] As an alternative to sliding rails in the HSM 10
for sliding transfer of the canister to and from the com-
partment 22 of the HSM 10, a reduced-friction horizontal
transfer device may be used to transfer the canister C to
and from the compartment 30 of the HSM 10.
[0064] Although shown as lifting to a second elevation
position, embodiments of the present disclosure may al-
so be configured to lift to higher elevation positions, for
example, in HSMs 10 having more than two rows of com-
partments.
[0065] The principles, representative embodiments,
and modes of operation of the present disclosure have
been described in the foregoing description. However,
aspects of the present disclosure which are intended to
be protected are not to be construed as limited to the
particular embodiments disclosed. Further, the embodi-
ments described herein are to be regarded as illustrative
rather than restrictive. It will be appreciated that varia-
tions and changes may be made by others, and equiva-
lents employed, without departing from the invention.

Claims

1. A horizontal storage module (HSM) arranged for the
dry storage and containment of radioactive materials
contained in canisters, the HSM comprising:
a body (20) defining a plurality of compartments (22)
configured for receiving canisters (C) containing ra-
dioactive materials, the canisters being in a horizon-
tal orientation, wherein the compartments (22) are
arranged in a staggered configuration having a first
row (40) at a first elevation and a second row (42)
at a second elevation higher than the first elevation,
and wherein a portion of one compartment (22) in
the first row (40) is in the same horizontal axis loca-
tion as a portion of one compartment (22) in the sec-
ond row (42), the HSM further comprising ventilation
means in each of the plurality of compartments in-
cluding vent paths having substantially vertical path-
ways.

2. The HSM of Claim 1, the HSM being manufactured
from concrete, in particular reinforced concrete.

3. The HSM of Claim 1 or 2, wherein each compartment
(22) is adjacent at least two other compartments
(22).

4. The HSM of any of Claims 1 to 3, wherein each com-
partment is polygonal in cross-sectional shape
and/or wherein at least some of the compartments
are hexagonal in cross-sectional shape.

5. The HSM of any one of Claims 1 to 4, wherein each
compartment (22) has its own substantially vertical
airflow pathway(s).

6. The HSM of any one of Claims 1 to 5, further com-
prising a roof on the body.

7. The HSM of Claim 6, wherein the roof (232) has an
enhanced roof design for increased resistance for
missile and aircraft crash or explosion loads, prefer-
ably including one or more of the following elements:
an impact resistant polymer blanket; a reinforced
concrete slab (260) supported by pre-deformed steel
pipes (262); half pipes (270); a pre-tensioned con-
crete slab (272).

8. The HSM of any of Claims 1 to 7, wherein each com-
partment (22) has at least a first vertical pathway
(48) extending from an inlet vent (46) to the compart-
ment (22) and at least a second vertical pathway (50)
extending from the compartment (22) to an outlet
vent (44).

9. The HSM of any of Claims 1 to 8, further comprising
a lift assembly (120) for lifting the canister (C) to the
second elevation.

10. The HSM of any one of Claims 1 to 9, wherein the
body portion (20) is modularized and made from a
plurality of segments (70, 72, 74), such as a plurality
of segments (70, 72, 74) which are made from rein-
forced concrete.

11. The HSM of Claim 10, wherein the plurality of seg-
ments (70, 72, 74) are vertically layered on top of
each other.

12. The HSM of Claim 11, wherein adjacent segments
(70, 72, 74) are attached to one another using only
a vertical attachment system, such as a vertical at-
tachment system includes a plurality of vertically ori-
ented holes in the walls of adjacent segments, and
ties (76) connecting such holes.

13. A method of constructing an HSM of any one of
claims 1 - 12, the method comprising:

(a) forming a plurality of segments for the body
portion of the HSM; and
(b) positioning adjacent segments.

14. The method of Claim 13, further comprising vertically
attaching adjacent segments.
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15. A method of loading a canister in a high-density hor-
izontal storage module (HSM) of any one of claims
1 - 12, the method comprising:

receiving a cask containing a canister (C) in a
frame assembly of a lifting assembly at the first
elevation; and
lifting the cask containing the canister (C) for
delivery of the canister (C) to the second row at
the second elevation.

Patentansprüche

1. Horizontales Speichermodul (HSM), angeordnet zur
Trockenlagerung und zum Einschluss von radioak-
tiven Stoffen in Behältern, wobei das HSM umfasst:
ein eine Mehrzahl von Kammern (22) definierendes
Gehäuse (20), dazu eingerichtet, radioaktive Stoffe
enthaltende Behälter (C) aufzunehmen, wobei die
Behälter horizontal ausgerichtet sind, wobei die
Kammern (22) versetzt angeordnet sind, mit einer
ersten Reihe (40) bei einer ersten Höhe und einer
zweiten Reihe (42) bei einer zweiten Höhe, die höher
ist als die erste Höhe, und wobei sich ein Bereich
einer Kammer (22) in der ersten Reihe (40) in der-
selben Stelle entlang der horizontalen Achse befin-
det wie ein Bereich einer Kammer (22) in der zweiten
Reihe (42), wobei das HSM ferner Belüftungsmittel
in jeder der Mehrzahl von Kammern umfasst, auf-
weisend Belüftungspfade, die im Wesentlichen ver-
tikal verlaufen.

2. HSM nach Anspruch 1, wobei das HSM aus Beton,
insbesondere aus Stahlbeton gefertigt ist.

3. HSM nach Anspruch 1 oder 2, wobei jede Kammer
(22) zumindest zwei anderen Kammern (22) be-
nachbart ist.

4. HSM nach einem der Ansprüche 1 bis 3, wobei die
Querschnittsform jeder Kammer ein Vieleck ist
und/oder wobei zumindest die Querschnittsform ei-
niger der Kammern ein Sechseck ist.

5. HSM nach einem der Ansprüche 1 bis 4, wobei jede
Kammer (22) ihre(n) eigenen im Wesentlichen ver-
tikalen Belüftungspfad(e) aufweist.

6. HSM nach einem der Ansprüche 1 bis 5, ferner um-
fassend ein Dach auf dem Gehäuse.

7. HSM nach Anspruch 6, wobei das Dach (232) eine
verbesserte Dachkonstruktion aufweist für eine hö-
here Widerstandsfähigkeit gegen Raketen und Flug-
zeugabstürze oder Sprengkörper, vorzugsweise
aufweisend eines oder mehrere der folgenden Ele-
mente: eine schlagfeste Polymerdecke; eine von

vorverformten Stahlrohren (262) gestützte Stahlbe-
tonplatte (260); Halbrohre (270), eine vorgespannte
Betonplatte (272).

8. HSM nach einem der Ansprüche 1 bis 7, wobei jede
Kammer (22) zumindest einen ersten vertikalen Be-
lüftungspfad (48) aufweist, der sich von einem Luft-
einlass (46) zu der Kammer (22) erstreckt, und min-
destens einen zweiten vertikalen Belüftungspfad
(50), der sich von der Kammer (22) zu einem Luft-
auslass (44) erstreckt.

9. HSM nach einem der Ansprüche 1 bis 8, ferner um-
fassend eine Hebevorrichtung (120) zum Heben des
Behälters (C) auf die zweite Höhe.

10. HSM nach einem der Ansprüche 1 bis 9, wobei der
Gehäusebereich (20) modularisiert ist und gefertigt
ist aus einer Vielzahl von Segmenten (70, 72, 74),
zum Beispiel eine Vielzahl von Segmenten (70, 72,
74), die aus Stahlbeton gefertigt sind.

11. HSM nach Anspruch 10, wobei die Vielzahl von Seg-
menten (70, 72, 74) vertikal aufeinander geschichtet
sind.

12. HSM nach Anspruch 11, wobei benachbarte Seg-
mente (70, 72, 74) ausschließlich unter Verwendung
eines vertikalen Befestigungssystems miteinander
befestigt sind, beispielsweise ein vertikales Befesti-
gungssystem aufweisend eine Mehrzahl von vertikal
ausgerichteten Bohrungen in den Wänden benach-
barter Segmente, und Stäbe (76) zum Verbinden sol-
cher Bohrungen.

13. Verfahren zum Bauen eines HSM nach einem der
Ansprüche 1 bis 12, wobei das Verfahren umfasst:

Bilden einer Mehrzahl von Segmenten für den
Gehäuseabschnitt des HSM und
Positionieren benachbarter Segmente.

14. Verfahren nach Anspruch 13, ferner umfassend ver-
tikales Befestigen benachbarter Segmente.

15. Verfahren zum Verladen eines Behälters in einem
hochdichten horizontalen Speichermodul (HSM)
nach einem der Ansprüche 1 bis 12, wobei das Ver-
fahren umfasst:

Aufnehmen einer einen Behälter (C) fassenden
Tonne in eine Rahmenbaugruppe der Hebevor-
richtung bei der ersten Höhe und
Heben der den Behälter (C) fassenden Tonne,
um den Behälter (C) zu der zweiten Reihe bei
der zweiten Höhe zu befördern.
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Revendications

1. Module de stockage horizontal (HSM) agencé pour
le stockage au sec et le confinement de matériaux
radioactifs contenus dans des boîtes, le HSM
comprenant :
un corps (20) définissant une pluralité de comparti-
ments (22) configurés pour recevoir des boîtes (C)
contenant des matériaux radioactifs, les boîtes étant
dans une orientation horizontale, dans lequel les
compartiments (22) sont agencés dans une configu-
ration en quinconce ayant une première rangée (40)
à une première hauteur et une deuxième rangée (42)
à une deuxième hauteur plus haute que la première
hauteur, et dans lequel une partie d’un compartiment
(22) dans la première rangée (40) est dans le même
emplacement d’axe horizontal qu’une partie d’un
compartiment (22) dans la deuxième rangée (42), le
HSM comprenant en outre des moyens de ventila-
tion dans chacun de la pluralité de compartiments,
comprenant des passages d’évent ayant des voies
de passage sensiblement verticales.

2. HSM selon la revendication 1, le HSM étant fabriqué
à partir de béton, en particulier du béton renforcé.

3. HSM selon la revendication 1 ou 2, dans lequel cha-
que compartiment (22) est adjacent à au moins deux
autres compartiments (22).

4. HSM selon l’une quelconque des revendications 1
à 3, dans lequel chaque compartiment est polygonal
en section transversale et/ou dans lequel au moins
certains des compartiments sont hexagonaux en
section transversale.

5. HSM selon l’une quelconque des revendications 1
à 4, dans lequel chaque compartiment (22) a sa (ses)
propre(s) voie(s) de passage d’écoulement d’air
sensiblement verticale(s).

6. HSM selon l’une quelconque des revendications 1
à 5, comprenant en outre un toit sur le corps.

7. HSM selon la revendication 6, dans lequel le toit
(232) a une conception de toit améliorée pour une
résistance accrue à un crash de missile et d’avion
ou à des charges explosives, de préférence com-
prenant un ou plusieurs des éléments suivants : une
couverture polymère résistante à l’impact ; une dalle
en béton renforcé (260) supportée par des tuyaux
en acier pré-déformés (262) ; des demi-tuyaux
(270) ; une dalle en béton pré-contrain (272).

8. HSM selon l’une quelconque des revendications 1
à 7, dans lequel chaque compartiment (22) a au
moins une première voie de passage verticale (48)
s’étendant à partir d’un évent d’entrée (46) jusqu’au

compartiment (22) et au moins une deuxième voie
de passage verticale (50) s’étendant à partir du com-
partiment (22) jusqu’à un évent de sortie (44).

9. HSM selon l’une quelconque des revendications 1
à 8, comprenant en outre un ensemble de levage
(120) pour lever la boîte (C) à la deuxième hauteur.

10. HSM selon l’une quelconque des revendications 1
à 9, dans lequel la partie de corps (20) est modula-
risée et réalisée à partir d’une pluralité de segments
(70, 72, 74), telle qu’une pluralité de segments (70,
72, 74) qui sont réalisés à partir de béton renforcé.

11. HSM selon la revendication 10, dans lequel la plu-
ralité de segments (70, 72, 74) sont déposés les uns
sur les autres, en couches superposées.

12. HSM selon la revendication 11, dans lequel les seg-
ments (70, 72, 74) adjacents sont fixés entre eux en
utilisant uniquement un système de fixation vertical,
tel qu’un système de fixation vertical comprenant
une pluralité de trous orientés verticalement dans
les parois des segments adjacents, et des tirants
(76) raccordant de tels trous.

13. Procédé pour construire un HSM selon l’une quel-
conque des revendications 1 à 12, le procédé com-
prenant les étapes consistant à :

(a) former une pluralité de segments pour la par-
tie de corps du HSM ; et
(b) positionner des segments adjacents.

14. Procédé selon la revendication 13, comprenant la
fixation verticale de segments adjacents.

15. Procédé pour charger une boîte dans un module de
stockage horizontal (HSM) à haute densité selon
l’une quelconque des revendications 1 à 12, le pro-
cédé comprenant les étapes consistant à :

recevoir un fût de transport contenant une boîte
(C) dans un ensemble de bâti d’un ensemble de
levage à la première hauteur ; et
lever le fût de transport contenant la boîte (C)
pour la distribution de la boîte (C) sur la deuxiè-
me rangée à la deuxième hauteur.
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