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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Pro-
visional Application No. 61/983,606 filed April 24, 2014.

BACKGROUND

[0002] The present invention relates generally to nu-
clearfuel containment, and more particularly to a capsule
and related method for storing or transporting individual
nuclear fuel pins or rods including damaged rods.
[0003] Reactor pools store used fuel assemblies after
removal and discharge from the reactor. The fuel assem-
blies and individual fuel rods therein may become dam-
aged and compromised during the reactor operations,
resulting in cladding defects, breaking, warping, or other
damage. The resulting damaged fuel assemblies and
rods are placed into the reactor pools upon removal and
discharge from the reactor core. Eventually, the dam-
aged fuel assemblies, rods, and/or fuel debris must be
removed from the pools, thereby allowing decommis-
sioning of the plants.

[0004] The storage and transport regulations in many
countries do not allow storage or transport of damaged
fuel assemblies without encapsulation in a secondary
capsule that provides confinement. Due to the high dose
rates of used fuel assemblies post O discharge, encap-
sulating fuel assemblies is traditionally done underwater.
Furthermore, some countries may require removal of in-
dividual damaged fuel rods from the fuel assembly and
separate storage in such secondary capsules. Process-
es already exist for removing single rods from a used fuel
assembly and encapsulation. Subsequent drying of dam-
aged fuel after removal from the reactor pool using tra-
ditional vacuum drying is exceedingly challenging be-
cause water can penetrate through cladding defects and
become trapped inside the cladding materials. Examples
of known processes that attempt in addressing challeng-
es related to drying, storing, and transporting damaged
fuel are disclosed, for instance, in documents
DE102012212006 and US2014039235.

[0005] An improved fuel storage system and method
for drying, storing, and transporting damaged fuel rods
is desired.

BRIEF SUMMARY

[0006] Accordingtothepresentinvention, animproved
nuclear fuel storage system and related method are pro-
vided according to the appended set of claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] The present invention will become more fully

understood from the detailed description and the accom-
panying drawings, wherein like elements are labeled sim-
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ilarly and in which:

FIG. 1 is a perspective view of a fuel rod storage
system comprising a capsule and sealable closure
lid;

FIG. 2 is an enlarged view thereof showing the top
end of the capsule and lid installed;

FIG. 3 is an enlarged view thereof showing the top
end of the capsule and lid removed;

FIG. 4 is a top perspective view of the lid;

FIG. 5is a perspective view thereof showing intemal
flow conduits formed in the lid;

FIG. 6 is a bottom perspective view of the lid;

FIG. 7 is a top perspective view showing the inside
of the capsule with lid removed, fuel rod storage
tubes, and a central drain tube with sealing assem-
bly;

FIG. 8 is a cross-sectional perspective view of the
capsule showing the internals;

FIG. 9A is a side elevation cross-sectional view
thereof;

FIG. 9B is an enlarged detail taken from FIG. 9A;
FIG. 10A is a detailed view of a top corner of the
capsule showing the lid in place but not sealed and
coupled to the capsule;

FIG. 10B is a view thereof showing the formation of
a seal weld to couple to the lid to the capsule;

FIG. 11 is top perspective view of a lid of a transport
cask with two fuel rod storage capsules mounted
therein;

FIG. 12 is an enlarged perspective view of one of
the capsules of FIG. 11;

FIG. 13 is a cross-sectional perspective view of the
transport cask of FIG. 11 showing the capsules;
FIG. 14 is an enlarged view from FIG. 11 showing a
pair of remote operated valve assemblies installed
in the lid of the capsule for gas drying the interior of
the capsule;

FIG. 15 is cross-sectional perspective view showing
of FIGS. 11 and 14 showing one of the capsules
mounted in the lid of the transport cask;

FIG. 15A is an enlarged view from FIG. 15 showing
the mounting and weld detail coupling the lid to the
top end of the capsule;

FIG. 16 is a perspective view of a leak testing lid
attachable to the capsule;

FIG. 17 is a perspective view of the capsule and a
lifting assembly; and

FIG. 18 is an enlarged view thereof of the lid and
liting assembly connection.

[0008] All drawings are schematic and not necessarily
to scale.

DETAILED DESCRIPTION

[0009] The features and benefits of the invention are
illustrated and described herein by reference to exem-
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plary embodiments. This description of exemplary em-
bodiments is intended to be read in connection with the
accompanying drawings, which are to be considered part
of the entire written description. Accordingly, the disclo-
sure expressly should not be limited to such exemplary
embodiments illustrating some possible non-limiting
combination of features that may exist alone or in other
combinations of features.

[0010] In the description of embodiments disclosed
herein, any reference to direction or orientation is merely
intended for convenience of description and is not intend-
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 derivative 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.

[0011] Asused throughout, any ranges disclosed 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.

[0012] nuclear fuel assemblies (also referred to as
"bundles” in the art) each comprise a plurality of fuel pins
or rods mechanically coupled together in an array which
is insertable as a unit into a reactor core. The fuel as-
semblies traditionally have a rectilinear cross-sectional
configuration such as square array and contain multiple
fuel rods. A reactor core contains multiple such fuel as-
semblies.

[0013] Thefuel rodsare generally cylindrical elongated
metal tubular structures formed of materials such as zir-
conium alloy. The tubes hold a plurality of vertically-
stacked cylindrical fuel pellets formed of sintered uranium
dioxide. The fuel rod tubes have an external metal clad-
ding formed of corrosion resistant material to prevent
degradation of the tube and contamination of the reactor
coolant water. The opposite ends of the fuel rod are
sealed.

[0014] FIGS. 1-9B show a damaged nuclear fuel stor-
age system 100 according to the present disclosure. The
system includes a vertically elongated fuel rod enclosure
capsule 110 configured to hold multiple damaged fuel
rods and a closure lid 200 mounted thereto. The lid 200
is configured for coupling and permanent sealing to the
capsule 200, as further described herein.

[0015] Capsule 110 has an elongated and substantial-
ly hollow body formed by a plurality of adjoining sidewalls
118 defining an internal cavity 112 that extends from a
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top end 114 to a bottom end 116 along a vertical center-
line axis Cv. The bottom end 116 of the capsule is closed
by a wall. The top end 114 of the capsule is open to allow
insertion of the damaged rods therein. The sidewalls 118
are sold in structure so that the cavity 112 is only acces-
sible through the open top end 114 before the lid is se-
cured on the capsule.

[0016] In one embodiment, capsule 110 may have a
rectilinear transverse cross-sectional shape such as
square which conforms to the shape of a typical fuel as-
sembly. This allows storage of the capsule 110 in the
same type of radiation-shielded canister or cask used to
store multiple spent fuel assemblies, for example without
limitation a multi-purpose canister (MPC) or HI-STAR
cask such as those available from Holtec International
of Marlton, NJ. Such canisters or casks have an internal
basket with an array of rectilinear-shaped openings for
holding square-shaped fuel assemblies. It will be appre-
ciated however that other shaped capsules 110 may be
used in other embodiments and applications.

[0017] The body of the capsule 110 may be formed of
any suitable preferably corrosion resistant material for
longevity and maintenance of structural integrity. In one
non-limiting exemplary embodiment, the capsule 110
may be made of stainless steel and have a nominal wall
thickness of 6mm.

[0018] In certain embodiments, the capsule 110 may
further include a laterally enlarged mounting flange 111
disposed at and adjacent fo the top end 114, as shown
in FIGS. 1-3 and 7-9A. Mounting flange 111 extends lat-
erally outwards from the sidewalls 118 on all sides and
vertically downwards from top end 114 along the side-
walls for a short distance. The mounting flange 111 is
configured and dimensioned to engage a mounting open-
ing 302 formed in a storage canister 300, thereby sup-
porting the entire weight of a loaded capsule 110 in a
vertically cantilevered manner as shown in FIGS. 11-13
and further describe herein. In other embodiments, dif-
ferent methods may be used to support the capsule 110
in the storage canister and mounting flange 111 may be
omitted.

[0019] Referring now particularly to FIGS. 3, 7, 8 and
9A, the capsule 110 further includes an internal basket
assembly configured to store and support a plurality of
damaged fuel rods. The assembly includes an upper
tubesheet 120 and lower tubesheet 122 spaced vertically
aparttherefrom. The upperand lowertubesheets are hor-
izontally oriented. The lower tubesheet 122 is separated
from the interior bottom surface 116a of bottom end 116
of the capsule 110 by a vertical gap to form a bottom flow
plenum 124. The upper tubesheet 120 is spaced verti-
cally downwards from the top end 112 of the capsule 110
by a distance D1 sufficient to form a top flow plenum 126
when the closure lid 200 is mounted on the capsule as
shown in FIG. 15. Top plenum 126 is therefore formed
between the bottom 204 of the lid 200 and top surface
128 of the upper tubesheet 120. Both the bottom and top
plenums 124, 126 are part of flow paths used in conjunc-



5 EP 3 134 900 B1 6

tion with the gas fuel rod drying/dehydration process after
the capsule is closed and sealed, as further described
herein.

[0020] A plurality of fuel rod storage tubes 130 are each
supported by the upper and lower tubesheets 120, 122
for holding the damaged (i.e. broken and/or leaking) fuel
rods. In certain embodiments, intermediate supporting
tubesheets or other support elements (not shown) may
be used to provide supplementary support and lateral
stability to the storage tubes 130 for seismic events. In
one embodiment, the storage tubes 130 each have a
diameter and internal cavity 131 with a transverse cross
section configured and dimensioned to hold no more than
a single fuel rod. Accordingly, the tubes 130 extend ver-
tically along and parallel to the vertical centerline axis Cv
of the capsule 110 from the upper tubesheet 120 to the
lower tubesheet 122. Each of the tubes 130 is accessible
through the upper tubesheet 120 (see, e.g. FIG. 9A). In
one embodiment, the tubes 130 each have an associated
machined lead-in guide in the upper tubesheet 120 to
support the insertion of the fuel rods. An annular tapered
or chamfered entrance 136 is therefore formed in the
upper tubesheet 120 adjacent and proximate to the top
open end 132 of each tube 130. The obliquely angled
surface (with respect to the vertical centerline axis Cv)
of the chamfered entranceways 136 help center and
guide loading of the damaged fuel rods into each of the
storage tubes 130. The top end 132 of the tubes may
therefore be spaced slightly below the top surface 128
of the upper tubesheet 120 as shown.

[0021] The bottom ends 134 of the fuel rod storage
tubes 130 may rest on the bottom interior surface 116a
of the capsule 110. Each storage tube 130 includes one
or more flow openings 133 of any suitable shape located
proximate to the bottom ends 134 of the tubes below the
bottom tubesheet 122. The openings 133 allow gas to
enter the tubes from the bottom plenum 124 during the
forced gas dehydration process and rise upward through
the tubes to dry the damaged fuel rods.

[0022] The fuelrod storage tubes 130 may be mounted
in the upper and lower tubesheets 120, 122 by any suit-
able method. In certain embodiments, the tubes 130 may
be rigidly coupled to upper and/or lower tubesheets 120,
122 such as by welding, soldering, explosive tube ex-
pansion techniques, etc. In otherembodiments, the tubes
130 may be movably coupled to the upper and/or lower
tubesheets to allow for thermal expansion when heated
by waste heat generated from the decaying fuel rods and
heated forced gas dehydration. Accordingly, a number
of possible rigid and non-rigid tube mounting scenarios
as possible and the invention is not limited by any par-
ticular one.

[0023] Thefuel rod storage tubes 130 may be arranged
in any suitable pattern so long as the fuel rods may be
readily inserted into each tube within the fuel pool. In the
non-limiting exemplary embodiment shown, the tubes
130 are circumferentially spaced apart and arranged in
a circular array around a central drain tube 150 further
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described below. Other arrangements and pattems may
be used.

[0024] Referring now to FIGS. 7, 8, 9A, 9B, and 15,
the central drain tube 150 of the capsule 110 may be
mounted at approximately the geometric center of the
upper tubesheet 120 as shown. The center drain tube
150 in one arrangement is supported by and extends
vertically parallel to and coaxially with centerline axis Cv
ofthe capsule from the uppertubesheet 120 to the bottom
tubesheet 122. The drain tube 150 may be rigidly coupled
to the tubesheets 120, 122 using the same techniques
described herein for the fuel rod storage tubes. Drain
tube 150 is a hollow structure forming a pathway for in-
troducing insert drying gas into the tube assembly to dry
the interior of capsule 110 following closure and sealing,
as further described herein.

[0025] The drain tube 150 includes an open top end
151 and an open bottom end 152. The top end functions
as a gas inlet and the bottom end functions as a gas
outlet, with respect to the dehydration gas flow path fur-
ther described herein. The bottom end 152 is open into
and may extend slightly below the bottom surface of the
lower tubesheet 122 to place the drain tube in fluid com-
munication with the bottom plenum 124 of the capsule
110, as shown for example in FIGS. 9A-B. This forms a
fluid pathway for introducing drying gas into the bottom
of the capsule 110. The outlet end 152 of the drain tube
150 is spaced vertically apart from the interior bottom
surface 116a of the capsule 110.

[0026] Drain tube 150 may include a sealing feature
configured to form a substantially gas-tight seal between
the closure lid 200 and drain tube for forced gas dehy-
dration process. In one embodiment, the sealing feature
may be a spring-biased sealing assembly 140 configured
to engage and form a seal with the bottom of the closure
lid 200 for gas drying. The sealing assembly 140 includes
ashortinlettube 141, an enlarged resilient sealing mem-
ber 142 disposed on top of the inlet tube, and spring 143.
Inlet tube 141 has a length less than the length of the
drain tube 150. Spring 143 may be a helical compression
spring in one embodiment having a top end engaging the
underside 142b of the sealing member 142 which ex-
tends laterally (i.e. transverse to vertical centerline axis
Cv) and diametrically beyond the inlet tube 141, and a
bottom end engaging the top surface 128 of the upper
tubesheet 120. The inlet tube 141 is rigidly coupled to
the sealing member 142 and has a diameter slightly
smaller than the drain tube 150. This allows the lower
portion of the inlet tube 141 to be inserted into the upper
portion of the drain tube 150 through the top inlet end
151 for upward/downward movement in relation to the
drain tube. Spring 143 operates to bias the sealing mem-
ber 142 and inlet tube 141 assembly into an upward pro-
jected inactive position away from the upper tubesheet
120 ready to engage the closure lid 200, as further de-
scribed herein. Accordingly, the sealing assembly 140 is
axially movable along the vertical centerline axis from
the upward projected inactive position to a downward
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active sealing position.

[0027] In one embodiment, the sealing member 142
may have a circular shape in top plan view and a convexly
curved or domed sealing surface 142a in side transverse
cross-sectional view (see, e.g. FIGS. 9A and 9B). The
curved sealing surface 142a ensures positive sealing en-
gagement with a gas supply outlet extension tube 210 in
the capsule closure lid 200 (see FIG. 6) to compensate
for irregularities in the extension tube end surface edges
and less than exact centering of the extension tube with
respect to the sealing member 142, thereby preventing
substantial leakage of drying gas when coupled together.
The sealing member 142 includes a vertically oriented
through-hole 144 toform a fluid pathway through the seal-
ing member to the drain tube 150.

[0028] In one embodiment, the sealing member 142
may be made of a resiliently deformable elastomeric ma-
terial suitable for the environment of a radioactive dam-
aged fuel rod storage capsule. The elastomeric seal pro-
vides sufficient sealing and a leak-resistant interface be-
tween the central drain tube 150 and closure lid 200 to
allow the inert drying gas (e.g. helium, nitrogen, etc.) to
be pumped down the central drain tube to the bottom of
the capsule 110 during the forced gas dehydration proc-
ess.

[0029] It will be appreciated that other types of seals
and arrangements may be used. Accordingly, in some
embodiments metal or composite metal-elastomeric
sealing members may be used. The sealing member may
also have other configurations or shapes instead of con-
vexly domed, such as a disk shaped with a flattop surface
or other shape. In other embodiments, a non-spring ac-
tivated sealing assembly may be used. Accordingly, the
invention is not limited by the material of construction or
design of the seal and sealing assembly so long as a
relatively gas-tight seal may be formed between the clo-
sure lid gas outlet extension tube 210 and the drain tube
150 for forced gas dehydration of the capsule 110.
[0030] The fuel rod basket assembly, including the
foregoing tubesheets, rod storage tubes, central drain
tube, and sealing assembly may be made of any suitable
preferably corrosion resistant material such as stainless
steel. Other appropriate materials may be used.

[0031] The closure lid 200 will now be further de-
scribed.

[0032] Referring to FIGS. 1-6 and 15, lid 200 in one
embodiment may have a generally rectilinear cube-
shaped body to complement the shape of cavity 112 in
capsule 110 in which at least a portion of the lid is re-
ceived. Accordingly, in one embodiment the lid 200 and
capsule 110 may have a square shape in top plan view.
Lid 200 further has a substantially solid internal structure
except for the gas flow conduits formed therein, as further
described below. The lid 200 is formed of a preferably
corrosion resistant metal, such as stainless steel. Other
materials may be used.

[0033] Lid 200 includes a top surface 202, bottom sur-
face 204, and lateral sides 206 extending between the
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top and bottom surfaces. The lateral sides 206 of the lid
have a width sized to permit insertion of a majority of the
height of the lid into the cavity 112 of the capsule. The
bottom of the lid 200 includes a peripheral skirt 212 ex-
tending around the perimeter of the bottom surface 204
that engages and rests on the top surface 128 of the
upper tubesheet 120 of the capsule 110 when the lid is
mounted in the capsule. In one embodiment, the skirt
212 is continuous in structure and extends around the
entire perimeter without interruption. The skirt 212
projects downward for a distance from the bottom surface
204 of the lid which is recessed above the bottom edge
212a of the skirt. The forms a downwardly open space
211 having a depth commensurate with the height of the
skirt 212. When the bottom edge 212a of skirt 212 rests
on top surface 128 of the upper tubesheet 120, the top
plenum 126 is formed between the bottom surface 204
of lid 200 and the upper tubesheet inside and within the
skirt 212. The bottom edge 212a of the skirt 212 thereby
forms a seal between the upper tubesheet 120 and lid
200 for forced gas dehydration of the capsule 110.
[0034] Anenlarged seating flange 208 extends around
the entire perimeter of the lid 200 adjacent to top surface
202 and projects laterally beyond the sides 206. The top
surface 202 may be recessed below the top edge 208a
of the seating flange 208 as shown. A stepped shoulder
213 is formed between seating flange 208 and sides 206
which engages and seats on a mating shoulder 113
formed inside the mounting flange 111 of capsule 110 in
cavity 112 (see particularly FIG. 15A). Both mating shoul-
ders 213 and 113 extend around the entire perimeter
regions of the lid 200 and capsule 110 respectively and
limit the insertion depth of the lid into the capsule.
[0035] In one embodiment, the top edges 111a and
208a of the mounting flange 111 and seating flange 208
respectively are flush with each other and lie in approx-
imately the same horizontal plane when the closure lid
200 is fully mounted in the capsule 110 (see, e.g. FIGS.
10A, 10B, and 15A). This facilitates formation of an open
V-groove weld 205 to hermetically seal the lid to the cap-
sule. The mounting and seating flanges 111, 208 each
include opposing beveled faces 115, 208 respectively to
form the V-groove. Because of the recessed top surface
202 of the lid 200 and mounting flange 111, access is
available to both sides of finished weld which advanta-
geously permits full volumetric inspection of the weld
such as by ultrasonic nondestructive testing or other
methods. The source and detector of the ultrasonic test
(UT) equipment may therefore be placed on opposite
sides ofthe weld for full examination. A multipass welding
process may be used which prevents any potential
through-cracking of a single weld line in the case of an
undetected defect. This parallels welding processes
used in the United States for Multi-Purpose Canisters
(MPCs), but is modified to allow volumetric weld exami-
nation (a key consideration for acceptance of weld integ-
rity by some intemational regulators). Each pass is fol-
lowed by a Liquid Penetrant Test (LPT) to identify defects
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in the weld layer as the weld is formed. The finished weld
is then volumetrically tested using UT. Unlike a bolted
joint sealed with gaskets, a welded joint with volumetric
inspection typically does not require leak-monitoring or
checks prior to future transport. FIGS. 10A and 10B show
the lid 200 and capsule 110 before and after welding,
respectively. This does not limit the capsule to having a
bolted lid, similar to dual-purpose metal casks used for
storage and transport of spent nuclear fuel. In such em-
bodiment, the capsule would have one more seals, for
example elastomeric or metallic, that would be com-
pressed during tightening of the lid bolts on the capsule,
forming a hermetic seal.

[0036] According to another aspect of the invention,
the closure lid 200 is configured to permit forced gas de-
hydration of the capsule 110 and plurality of damaged
fuel rods contained therein after the lid is seal welded to
the capsule. Accordingly, the lid 200 includes a combi-
nation of gas ports and internal fluid conduits to form a
closed flow loop through capsule 110. Referring now to
FIGS. 1-6 and 15, lid 200 includes a gas supply port 220
and gas retumn port 222 formed in the top surface 202 of
the lid, and a gas supply outlet 224 and gas retum inlet
226 formed in the bottom surface 204 of the lid. In one
configuration, the gas supply outlet 224 and return inlet
226 may be located at diagonally opposite comer regions
of the top surface 202 of the lid 200 proximate to the
lateral sides 206. The gas supply port 220 is fluidly cou-
pled to the gas supply outlet 224 via an internal flow con-
duit 228. The gas return port 222 is fluidly coupled to the
gas return inlet 226 via another separate intemal flow
conduit 230 which is fluidly isolated from flow conduit 228.
[0037] In one embodiment, the flow conduits 228, 230
each follow a torturous multi-directional path through the
lid to prevent neutron streaming. In one configuration,
flow conduit 228 includes a vertical section 222a con-
nected to gas supply outlet 224, first horizontal section
228b connected thereto, second horizontal section 228¢c
connected thereto, and second vertical section 228d con-
nected thereto and gas supply port 220. The flow conduit
sections 228a-d may be arranged in a rectilinear pattern.
Flow conduit 228 includes a vertical section 230a con-
nected to gas retum port 222, horizontal section 230b
connected thereto, and second vertical section 230c con-
nected thereto and gas retumn inlet 226. The flow conduit
sections 230a-c may also be arranged in a rectilinear
pattern. Because the lid 200 has a solid intemal structure,
the flow conduits may be formed by drilling or boring holes
through the lateral sides 206 and top and bottom surfaces
202, 204 of the lid to points of intersection between the
conduits as best shown in FIGS. 5and 15. After formation
of the flow conduits, the penetrations 232 in the lateral
sides 206 of the lid may be closed using threaded and/or
seal welded metal caps applied before mounting and
welding the lid 200 to the capsule 110. The penetrations
232in the bottom surface 204 of the lid may remain open.
The gas supply and retum port penetrations 232 in the
top surface 202 of the lid may be threaded and closed
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using threaded caps 234 to permit removal and installa-
tion of remote valve operating assemblies 240 (RVOAs)
for forced gas dehydration of the capsule, as shown in
FIGS. 14 and 15.

[0038] Itshould be noted that the gas supply outlet 224
in lid 200 is fluidly coupled to the gas supply outlet ex-
tension tube 210. The extension tube 210 compensates
for the height of the lid bottom skirt 212 to allow physical
coupling of the tube to the sealing assembly 140 when
the skirt rests on the top surface 128 of the upper
tubesheet 120. In one embodiment, the extension tube
210 and gas supply outlet 224 are centered on the bottom
surface 204 of the lid 200. In certain other embodiments,
the extension tube may be omitted and the gas supply
outlet 224 penetration may be directly coupled to the seal-
ing assembly 140.

[0039] A method for storing and drying fuel rods using
capsule 110 will now be briefly described. The method
may be used for storing intact or damaged fuel rods, ei-
ther of which may be stored in capsule 110.

[0040] The process begins with the top of the capsule
110 being open so that the storage tubes 130 are acces-
sible for loading. The loading operation involves inserting
the fuel rods into the storage tubes 130. After the capsule
is fully loaded, the lid 200 is attached to the top end 114
and sealed to the capsule. In one preferred embodiment,
the lid is sealed welded to the capsule as described else-
where herein to form a gas tight seal

[0041] After lid 200 is seal welded to the capsule 110,
the interior of the capsule and fuel rods therein may be
dried using heated forced gas dehydration (FGD) system
such as those available from Holtec International of Marl-
ton, New Jersey. Commonly owned U.S. Patents
7,096,600, 7,210,247, 8,067,659, 8,266,823, and
7,707,741 describe such systems and processes as not-
ed above.

[0042] The remote operated valve assemblies 240 are
first installed in the gas supply and gas return ports 220,
222. The valves are then connected to the gas supply
and retum lines from the FGD system. The next steps,
described in further detail herein, include pumping the
inert drying gas from the FGD system or source through
the gas supply conduit into the cavity 112 of the capsule
110 and into the bottom plenum 124, flowing the gas
through each of the storage tubes 130 to dry the fuel
rods, collecting the gas leaving the storage tubes in the
top plenum 126, and flowing the gas through the gas
return conduit back to the FGD source. The process con-
tinues for a period of time until analysis of the drying gas
shows an acceptable level of moisture removal from the
capsule 110.

[0043] Referring now to FIGS. 5, 9A, 14, and 15,
threaded caps 234 may first be removed from the gas
supply and return ports 220 and 222 in the lid 200 which
is welded to the capsule 110. A remote valve operating
assembly 240 is then threadably coupled to each port
220, 222. The gas supply and return lines from the FGD
skid which holds the dehydration system equipment are
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then fluidly coupled to the valve assemblies. The dehy-
dration and drying process is now ready to commence
by pumping the inert and heat drying gas from the FGD
system through the capsule 110 to dry the fuel rods in
the storage tubes 130, as further described herein.
[0044] Gas supplied from the FGD system first flows
through the first valve assembly 240 into the lid 200
through the gas supply port 220. The supply gas then
flows through flow conduit 228 to the gas supply outlet
224 and then into gas supply outlet extension tube 210.
The supply gas enters the sealing assembly 140 and
flows downwards through the central drain tube 150 into
the bottom plenum 124 of the capsule 110. The gas in
the bottom plenum enters the bottom of the fuel rod stor-
age tubes 120 through openings 133 formed in and prox-
imate to the bottom ends 134 of the tubes. The gas flows
and rises upwards through each of the storage tubes 120
to dry the damaged fuel rods stored therein. The gas then
enters the top plenum 126 above the upper tubesheet
120 beneath the lid 200. From here, the gas leaves the
top plenum and enters the gas retumn inlet 226 in the lid.
The gas flows through flow conduit 230 to the gas return
port 222 and into the remote valve operating assembly
240 connected thereto. The retum gas then flows through
the return line back to the FGD system skid to complete
the closed flow loop.

[0045] Advantageously, the present invention allows
drying of multiple damaged fuel rods in the capsule 110
simultaneously instead of on an individual, piece-meal
basis. This saves time, money, and operator dosage of
radiation.

[0046] According to another aspect of the invention,
the lid 200 includes a threaded lifting port 340 configured
for temporary coupling to a lifting assembly 342 that may
be used for moving and transporting the capsule 110
around the fuel pool and loading into transport casks or
multi-purpose canisters. The lifting assembly 342 in one
embodiment may include a lifting rod 344 including a bot-
tom threaded end 346 for rotatable coupling to the thread-
ed lifting port 340 and an opposite top operating end 348
configured for rigging to equipment such as a crane that
may be used to lift and maneuver the capsule 110.
[0047] Accordingtoyetanotheraspectoftheinvention,
a lid-based capsule storage system is provided which is
configured for holding and supporting a plurality of cap-
sules 110. The capsule storage system includes a cask
loading lid 400 which may be configured to retrofit and
replace lids used in existing transport or transfer casks
used for loading, storing, and transporting undamaged
fuel bundles. Using the temporary lid, the existing casks
may used to provide radiation shielding during the cap-
sule 110 drying and closure operations described herein.
[0048] Referring to FIGS. 11-15, the loading lid 400
can be designed for any dual-purpose metal casks, such
as those supplied by Holtec, TNI, or GNS or transfer
casks, such as the HI-STRAC used by Holtec Interna-
tional in Marlton, NJ. Loading lid 400 may have multiple
mounting cutouts or openings 302 extending completely
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through the lid each of which are designed to allow in-
sertion of a single capsule 110. The mounting openings
302 are sized smaller than the mounting flange 111 of
the capsuie 110 so that the flange remains above the top
surface 402 of the lid 400. A shoulder 404 is formed be-
neath each mounting flange 111 between the flange and
sidewalls 118 of the capsule which engages the top sur-
face 402 of the lid 400. This allows the capsules to hang
from the lid 400 in a vertically cantilevered manner. The
top of the capsule 110 therefore sites about 10-15 mm
above the lid surface 402 in one representative non-lim-
iting embodiment to enable workers to easily access the
top of the capsules to perform the closure operations.
The location of the mounting openings 302 can be opti-
mized to allow easy worker access to the capsules during
the drying and closure operations.

[0049] According to another aspect of the invention
shown in FIG. 16, a leak testing lid 500 is provided which
can be coupled and sealed to the mounting flange 111
of the capsule 110. The lid 500 attached to the mounting
flange 111 of capsule 110 and includes a piping connec-
tion assembly 502 which allows hook-up to leak testing
equipment for performance of an integrated leak test of
the entire sealed capsule 110.

[0050] Although the fuel rod encapsulation capsule is
described herein for use with damaged fuel rods, it will
be appreciated that the capsule has further applicability
for use with intact fuel rods or debris storage as well.
Accordingly, the invention is expressly not limited for use
with damaged fuel rods alone.

[0051] 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 accompanying claims. In particular, it will be clear
to those skilled in the art that the present invention may
be embodied in other forms, structures, arrangements,
proportions, sizes, and with other elements, materials,
and components, without departing from the essential
characteristics thereof. In addition, numerous variations
in the methods/processes described herein may be
made. One skilled in the art will further appreciate that
the invention may be used with many modifications of
structure, arrangement, proportions, sizes, materials,
and components and otherwise, used in the practice of
the invention, which are particularly adapted to specific
environments and operative requirements without de-
parting from the principles of the present invention. The
presently disclosed embodiments are therefore to be
considered in all respects as illustrative and not restric-
tive, the scope of the invention being defined by the ap-
pended claims and not limited to the foregoing descrip-
tion or embodiments. Rather, the appended claims
should be construed broadly, to include other variants
and embodiments of the invention, which may be made
by those skilled in the art without departing from the scope
of the invention.
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Claims

A fuel storage system (100) for storing nuclear fuel
rods, the system comprising:

an elongated capsule (110) defining a vertical
centerline axis (Cv), the capsule comprising a
top end (114), a bottom end (116), and sidewalls
(118) extending between the top and bottom
ends;

an internal cavity (112) formed within the cap-
sule;

alid (200) attached to the top end of the capsule,
the lid including an exposed top surface (202)
and a bottom surface (204);

an upper tubesheet (120) and a lower tubesheet
(122) disposed in the cavity (112);

a plurality of vertically oriented fuel rod storage
tubes (130) extending between the upper and
lower tubesheets (120, 122), each of the fuel rod
storage tubes (130) containing a fuel rod;

a central drain tube (150) extending between
the upper and lower tubesheets (120, 122);
wherein each storage tube (13) has a transverse
cross section configured and dimensioned to
hold no more than one fuel rod;

a top plenum (126) formed between the lid (200)
and upper tubesheet (120);

a bottom plenum (124) formed between the low-
er tubesheet and the bottom end (116) of the
capsule (110), wherein the lid (200) includes a
first gas supply flow conduit (228) in fluid com-
munication with the bottom plenum through the
central drain tube (150) and a second gas (230)
return flow conduit in fluid communication with
the top plenum; and

a forced gas dehydration system fluidly coupled
to the first gas supply flow conduit {228) adapted
to supply a heated gas thereto, such that the
heated gas flows through the central drain tube
(150) to the bottom flow plenum (124);

the central drain tube (150) being rigidly coupled
to the upper and lower tubesheets (120, 122) .

The storage system according to claim 1, wherein
the gas supply flow conduit (228) includes a gas sup-
ply port (220) formed in the top surface (202) of the
lid (200) and a gas supply outlet (224) formed in the
bottom surface (204) of the lid.

The storage system according to claim 2, further
comprising a sealing assembly (140) fluidly coupling
the gas supply outlet (224) in the lid (200) to the
central drain tube (150) for forming a leak tight con-
nection.

The storage system according to claim 3, wherein
the sealing assembly (140) included a spring-biased
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sealing member (142) configured to engage the gas
supply outlet (222) in the lid (200).

The storage system according to claim 4, wherein
the sealing member (142) is formed of an elastomer-
ic or metallic material.

The storage system according to any of claims 3-5,
further comprising a gas outlet extension tube (210)
extending downwards from the bottom surface (204)
of the lid (200), the extension tube fluidly coupled to
the sealing assembly (140).

The storage system according to claim 6, wherein
the central drain tube (150) and gas extensions tube
(210) are coaxially aligned with the vertical centerline
axis (Cv) of the capsule (110).

The storage system according to claim 1, further
comprising a peripheral skirt (212) extending around
a perimeter of the bottom surface (204 ), the skirt rest-
ing on the upper tubesheet (120) to define the top
plenum (126) when the lid (200) is attached to the
capsule (110).

The storage system according to claim 1, wherein
the lid (200) includes a gas supply port (220) formed
in the top surface (202) of the lid in fluid communi-
cation with the gas supply flow conduit (228), and a
gas return port (222) formed in the top surface of the
lid in fluid communication with the gas return flow
conduit (230), the gas supply and return ports each
configured for mounting a remote valve operating
assembly (240) thereto for forced gas dehydration
of the fuel rods.

10. The storage system according to claim 1, wherein

lid (200) is fully inserted into the top end (114) of the
capsule (110) so that the lid does not protrude sub-
stantially above the top edge of the capsule.

11. A method for storing and drying nuclear fuel rods,

the method comprising:

providing an elongated vertically oriented cap-
sule (110) including an open top end (114), a
bottom end (116), and an internal cavity (112),
the capsule further including a plurality of verti-
cally oriented fuel rod storage tubes (130) each
having a top end (132) spaced below the top
end of the capsule, the storage tubes each hav-
ing a transverse cross section configured and
dimensioned to hold no more than a single fuel
rod;

inserting a fuel rod into each of the storage tubes
(130);

attaching a lid (200) to the top end (114) of the
capsule (110), the lid including a gas supply flow
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conduit (228) extending between top and bottom
surfaces (202,204) of the lid (200) and a gas
return flow conduit (230) extending between the
top and bottom surfaces (202,204) of the lid;
sealing the lid (200) to the capsule (110) to form
a gas tight seal;

pumping an inert drying gas from a source
through the gas supply conduit (228) into the
cavity (112) of the capsule (110);

flowing the gas through each of the storage
tubes (130);

collecting the gas leaving the storage tubes
(130); and

flowing the gas through the gas retum conduit
(230) back to the source;

characterized in that the gas flowing through
the gas supply conduit (228) is pumped directly
to a bottom plenum (124) in the capsule (110)
through a central drain tube (150) and bypasses
the storage tubes (130), and wherein the storage
tubes are vertically oriented and the gas enters
a bottom end (134) of each storage tube and
leaves through a top end (132) of each storage
tube .

The method according to claim 11, wherein the col-
lecting step includes flowing the gas leaving the stor-
age tubes (130) into a top plenum (126) formed be-
tween the top ends (132) of the tubes and the lid
(200).

The method according to claim 11, wherein the seal-
ing step includes welding the lid to the capsule.

Patentanspriiche

1.

Ein Brennstoffspeichersystem (100) zum Speichern
von Kernbrennstoffstaben, wobei das System auf-
weist:

eine langgestreckte Kapsel (110), die eine ver-
tikale Mittelachse (C,)) definiert, wobei die Kap-
sel ein oberes Ende (114), ein bodenseitiges En-
de (116) und sich zwischen dem oberen Ende
und dem bodenseitigen Ende erstreckende Sei-
tenwande (118) aufweist,

eine innerhalb der Kapsel ausgebildete innere
Kavitat (112);

einen Deckel (200), der an dem oberen Ende
der Kapsel angebracht ist, wobei der Deckel ei-
ne exponierte Oberseite (202) und eine Unter-
seite (204) umfasst;

eine obere Rohrplatte (120) und eine untere
Rohrplatte (122), die in der Kavitat (112) ange-
ordnet sind;

eine Vielzahl von vertikal ausgerichteten Brenn-
stab-Speicherrohren (130), die sich zwischen

10

15

20

25

30

35

40

45

50

55

der oberen und unteren Rohrplatte (120, 122)
erstrecken, wobei jedes Brennstab-Speicher-
rohr (13) einen Brennstab enthalt;

ein zentrales Abflussrohr (150), das sich zwi-
schen der oberen und unteren Rohrplatte (120,
122) erstreckt;

wobei jedes Speicherrohr (13) einen transver-
salen Querschnitt hat, der derart ausgebildet
und dimensioniert ist, dass nicht mehr als ein
Brennstab gehalten wird;

einen oberen Sammelraum (126), der zwischen
dem Deckel (200) und der oberen Rohrplatte
(120) ausgebildet ist;

einen bodenseitigen Sammelraum (124), der
zwischen der unteren Rohrplatte und dem bo-
denseitigen Ende (116) der Kapsel (110) aus-
gebildet ist, wobei der Deckel (200) einen ersten
Gaszufuhr-Stromungskanal (228), der in einer
Flissigkeitsverbindung mit dem bodenseitigen
Sammelraum durch das zentrale Abflussrohr
(150) steht, und einen zweiten Gasrlckfluss-
Stromungskanal (230), der in Flussigkeitsver-
bindung mit dem oberen Sammelraum steht,
umfasst; und

ein fluidmaBig an den ersten Gaszufuhr-Stré-
mungskanal (228) gekoppeltes System zur er-
zwungenen Gasdehydration, das dazu ausge-
bildet ist, ein erwarmtes Gas so zuzufiihren,
dass das erwarmte Gas durch das zentrale Ab-
flussrohr (150) zu dem bodenseitigen Sammel-
raum (124) strémt;

wobei das zentrale Abflussrohr (150) fest mitder
oberen und unteren Rohrplatte (120, 122) ver-
bunden ist.

Das Speichersystem nach Anspruch 1, wobei der
Gaszufuhr-Strdmungskanal (228) einen Gaszufuhr-
anschluss (220), der an der Oberseite (202) des De-
ckels (200) ausgebildetist, und einen Gaszufuhraus-
lass {224), der an der Unterseite (202) des Deckels
ausgebildet ist, umfasst.

Das Speichersystem nach Anspruch 2 femer auf-
weisend eine Dichtungsanordnung (140), die den
Gaszufuhrauslass (224) in dem Deckel (200) fluid-
mafig an das zentrale Abflussrohr (150) koppelt, um
eine flissigkeitsdichte Verbindung zu schaffen.

Das Speichersystem nach Anspruch 3, wobei die
Dichtungsanordnung (140) ein federvorgespanntes
Dichtelement (142) umfasst, das ausgebildet ist, um
mit dem Gaszufuhrauslass (222) in dem Deckel
(200) im Eingriff zu sein.

Das Speichersystem nach Anspruch 4, wobei das
Dichtelement (142) aus einem elastomeren oder
metallischen Material besteht.
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Das Speichersystem nach einem der Anspriiche 3-5
ferner aufweisend ein Gasauslassverlangerungs-
rohr (210), das sich von der Unterseite (204) des
Deckels (200) nach unten erstreckt, wobei das Ver-
langerungsrohr (210) fluidmaRig an die Dichtungs-
anordnung (140) gekoppelt ist.

Das Speichersystem nach Anspruch 6, wobei das
zentrale Abflussrohr (150) und das Gasverlange-
rungsrohr (210) auf die vertikale Mittelachse (Cv) der
Kapsel (110) koaxial ausgerichtet sind.

Das Speichersystem nach Anspruch 1 ferner auf-
weisend einen Umfangskragen (212), der sich um
den Umfang der Unterseite (204) erstreckt, wobei
der Umfangskragen auf der cberen Rohrplatte (120)
sitzt, um den oberen Sammelraum (126) zu definie-
ren, wenn der Deckel (200) auf die Kapsel (110) auf-
gesetzt ist.

Das Speichersystem nach Anspruch 1, wobei der
Deckel (200) einen Gaszufuhranschluss (220) um-
fasst, der an der Oberseite (202) des Deckels in einer
Flissigkeitsverbindung mit dem Gaszufuhr-Stro-
mungskanal (228) ausgebildet ist, und einen Gas-
riickfihranschluss (222), der an der Oberseite des
Deckels in einer Flissigkeitsverbindung mit dem
Gasrickfluss-Stromungskanal (230) ausgebildet ist,
umfasst, wobei der Gaszufuhr- und - riickfihran-
schluss jeweils zur Befestigung einer Fernbedie-
nungsventil-Betriebseinrichtung (240) fur die er-
zwungene Gasdehydration der Brennstabe ausge-
bildet ist.

Das Speichersystem nach Anspruch 1, wobei der
Deckel (200) in das obere Ende (114) der Kapsel
(110) volistandig eingesetzt ist, so dass sich der De-
ckel im Wesentlichen nicht tiber die obere Kante der
Kapsel erstreckt.

Ein Verfahren zum Speichern und Trocknen von
Kernbrennstaben, wobei das Verfahren aufweist:

Vorsehen einer langgestreckten vertikal ausge-
richteten Kapsel (110), die einen offenes oberes
Ende (114), ein bodenseitiges Ende (116) und
eine innere Kavitat (112) umfasst, wobei die
Kapsel femer eine Mehrzahl von vertikal ausge-
richteten Brennstab-Speichemrohren (130) um-
fasst, die jeweils ein oberes Ende (132) haben,
das im Abstand unterhalb des oberen Endes der
Kapsel angeordnet ist, wobei die Speicherrohre
einen transversalen Querschnitt haben, der der-
art ausgebildet und dimensioniert ist, dass nicht
mehr als ein Brennstab gehalten wird;
Einsetzen eines Brennstabes in jedes Speicher-
rohr (130);

Anbringen eines Deckels (200) an dem oberen
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Ende (114) der Kapse! (110), wobei der Deckel
einen Gaszufuhr-Stromungskanal (228) um-
fasst, der sich zwischen der Ober- und Unter-
seite (202,204 )des Deckels (200) erstreckt, und
einen Gasrickfluss-Stromungskanal (230) um-
fasst, der sich zwischen der Ober- und Unter-
seite (202, 204) des Deckels erstreckt;
Abdichten des Deckels (200) gegeniiber der
Kapsel, um eine gasdichte Verbindung zu schaf-
fen;

Pumpen eines inerten Trockengases von einer
Quelle durch den Gaszufuhrkanal (228) in die
Kavitat (112) der Kapsel (110);

Stromen des Gases durch jedes Speicherohr
(130);

Sammeln des die Speicherrohre verlassenden
Gases; und

Stromen des Gases durch den Gasrickflusska-
nal (230) zuruck zu der Quelle;

dadurch gekennzeichnet, dass das durch den
Gaszufuhrkanal (228) stromende Gas direkt zu
einem bodenseitigen Sammelraum (124) in der
Kapsel (110) durch ein zentrales Abflussrohr
(150) gepumpt wird und die Speicherrohre (130)
umgeht, und wobei die Speicherrohre vertikal
ausgerichtet sind und das Gas am unteren Ende
(134) jedes Speicherohrs eintritt und durch ein
oberes Ende (132) jedes Speicherrohrs austritt.

Das Verfahren nach Anspruch 11, wobei der Schritt
des Sammelns das Stromen des die Speicherohre
(130) verlassenden Gases in einen oberen Sammel-
raum (126), der zwischen den oberen Enden (132)
der Rohre und dem Deckel (200) ausgebildet ist, um-
fasst.

Das Verfahren nach Anspruch 11, wobei der Schritt
des Abdichtens das Verschweiflten des Deckels mit
der Kapsel umfasst.

Revendications

1.

Systéme de stockage de combustible (100) pour
stocker des crayons combustibles nucléaires, le sys-
téme comprenant :

une capsule allongée (110) définissant un axe
vertical de ligne médiane (Cv), la capsule com-
prenant une extrémité supérieure (114), une ex-
trémité inférieure (116), et des parois latérales
(118) s’étendant entre les extrémités supérieure
et inférieure ;

une cavité inteme (112) formée a l'intérieur de
la capsule ;

un couvercle (200) attaché a I'extrémité supé-
rieure de la capsule, le couvercle incluant une
surface supérieure exposée (202) et une surfa-





































































