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(57) Abstract: A method, apparatus and system for the transferring
a container for receiving high level radioactive waste into and/or out
of a pool. The instant invention utilizes a specially designed container
In order to make effective use of a stand placed within the pool in
one embodiment, the invention is a system for transferring high level
radioactive waste comprising: a container for receiving high level ra-
dioactive waste, the container having a support structure; a stand com-
prising a cavity for receiving the container and an opening forming
a passageway into the cavity: wherein the support structure Is sized,
shaped and/or arranged so that; (i) when the container is substantially
vertically oriented m a first rotational position, the support structure
can not pass through the opening due to contact between the support
structure and the stand; and (ii) when the substantially vertically ori-
ented container is rotated an angle about a vertical axis to a second
rotational position, the support structure can pass through the opening
in an unobstructed manner.
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APPARATUS, SYSTEM AND METHOD FOR FACILITATING TRANSFER OF HIGH LEVEL
RADIQACTIVE WAsSTE TO AnND/OR FROM A POOL
Cross-Reference to Related Patent Applications
18061} The prosent application clatms the benefit of United States Provisional Patent
AppHcation 60/819,368, filed July 10, 2006, the entirety of which is hereby incorporated by

veference,

Background of the lavention
10062] The invention relates to the feld of transporting and storing high level waste, in
parteudar, the Invention relates 0 8 systemy, method and apparatus for transferring high level

waats 10 and from s spext fuel pool.
10093} In the operation of nuclear reactors, it is necessary to remove fuel assemblies after

their energy has been depleted down to a predetermined leve! for continned reavtor

gperations. Fuel assemblies are typically an assemblage of long, hollow, mirealoy fubes filled
with sawiched wrandum. Upon depletion and subsequent removal from the reactor, spent
nuclear fuel ix will highly radivactive and produces considerable heat, requiring that great

care be taken in #s packaging, transporting, and storing. Specifically, spent nuclear fuel emits

.(

extremely dungerous neutrons and gamma photons. B is imperative that these newtrons and

433

garms phoions be contained at all times,

[0004] in defueling a nuclear reactor, the spent nuclear fuel is removed from the reactor and

placed in & canister that is submerged in a spent nuclear fuel pool. The pool facilitates cocling
of the spent nuclsar fuel and provides radiation shielding in addition to that whieh is supplied

by the canister. Recause § is preferable o store spant nuclear fuel in a "dry state,” the

canister must eventually be removed from the spent nuclear foel poot. However, the canster

slons does not provide adequate containment of the radiation. As such, apparaius that

3

provide additions! radiation shielding during the transport and long-term storage of the spent
suclear foel are nocessary. 1o state of the art facilities, this additional radiation shielding is
achieved by placing the loaded canisters In large cylindrical containers ealled casks. There
ave two types of casks used in the indusiry today, storage casks and {ransier casks.

003] A storage cask is nsed to store spent nuclear fuel in the "dry state” for long pericds of

.

storage casks weigh approximately 150 tons and have # height greater than

time. Typically,

ot
Y

15 foer. Siorage vasks are generally too heavy to be lifted by most nuclear power plant cranes

and they are too lavge to be placed in spent nuclear fuel pools. Thus, in order to store a
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canisier of spent nuclear fuel in o storage cask, the canister must be removed from the poad,

mepared in a slaging area, and transported to the storage cask.

{HID06] A transfer cask facilitates removal from the fuel popl and transport of the loaded

carister {0 the storage cask. In facilities wtilizing {ransfor casks 10 iransport josded canisters,

an smpty canister is placed into the cavity of an open transfer cask. The canister snd travsfer

cask are both submerged in the spent nuclear fuel pool. As vach assembly of speat nuclear
fuel fs depleted, §t is removed from the reactor, fowered into the fuel pool and placed inthe
submerged canister {which i within the transfer cask). The loaded canister is then fitted with
its 1id, enclosing the spent nuclear fuel and water from the pool within, The canister and
ranster vask are then removed from the pool and setdown in a staging aves o preparg the

~

spent nuclkear fuel for storage i the “dey state”

{0087] The placement of the canister and transfer cask into the fue §_ ool Ioading of the spent

nuclear fuel into the {ransier cask and the removal of the loaded transfer cask from the fuel

pood are carried out by using a high-load capacity overhead crane. Figure 1 shows # typigal
gh-load capscity overhead crane used for ‘g}}aciﬂg cask 7 within fiuel pool 4. The erane
comprises crans dock 11, eables 12, sling 13, extension 16 and voke 9. Conneeted to orane
hlock 11 i sling 13 which is connecied to extension 10, which s connected to Bl yoke 8 that
is attached 1o cask top 8 iy order to Iift cask 7. Crane block 11 needs to be high enough w©
allow caxk 710 be Hited over sdge 3 of spent fuel pool 4, It is highly desirable that crane
black 11, cables 12 and other tmporiant crane elements not be immersed in dhe fuel podd
water, I erane biock 13 and cableg 12 contact the fuel pool water, they will become
vontaminated. Contamination of the crane block 11 and cables 12 is undesirable becanse
these components are often used outside of the proseribed areas of the nuclear facility, ¥

crane block 11 and cables 12 are contaminated, then it s almost impossible o deconiaminate

X

he equipment #self and the grease and ofls used for tubricating the equipment. FIG. 2 shows

o

cask 7 fally lowered into foel pool 4 while crane block 11, cables 12 and sling 13 remain drv.

Wy

Tiis shows the ideal configuration for cask 7 placement in the fuel pool 4.

{008 A common architectural Hmitation of nuclear plants pertaing to a deep fuel pouot
wherein the crane bridge is situated at o relatively low elevation above the pool deck. At

wch planis, placing the heavy transfer cask on the bottom of the fuel poad, 1o on the fuel

finer &, results in the undesirable situation of the crane block 11 and cables 12 tein

]

"3
553
"o
.
s
i

ol's contaminated water. Some plants deal with this Humitation by making

=y
=

atwostigrad fuel pool having a shallow tier and a deep tier. This allows cask 7 to be lowered

X
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in two stages; the fivst stage using just 1t yoke 9 and the second stage using it yoke % with
extension 18. The shallow ter serves as a platform for the following changeover procedure:
while the crane block 11 is kept at its maximum elevation, eask 7 is placed on the shallow
sier, then an extension 1) of suitable lengih is installed so that the crane block 11 can remain
at its maximum elevation while lowering the transfer cask 7 juto the deep ter. The extension
18 serves o keep the crane block 11 and cables 12 above the fuel pool water as the transter
cask 7 is picked up from the shallow ter and lowered to the bottom of the deep tier, The
reverse procedure is performed when removing the loaded transfer cask from the fuel pogh
Creating a two-tiered fue! pool is an inefficient and costly use of the limited space available

-

in muciesr plants because the entire shallow tier is usefol only as the surface for the crane

e,

parts changsover. Moreover, many sites do not even have the necessary spacs oF structural
means to establish a two tered pool. Other measures, such as wrapping the crane block in
plastic are only partially effective in keeping the crane block and cables from becoming
contaminated

{0009] Thus, a need exists for providing an effective and cost efficient way to protect the
wane block and cables from contamination by the fuel pool water daring fuel pool operstions

in plants having g crane bridge of low elevation andfor a deep fuel pool.

Summary of the lavention
BE6] 1t is therefore an object of the present nvention to provide 8 systom, method and
apparatos for transferving high level radivactive waste,

{8011 s ancther object of the p;mem invention to provide a system, method and apparatns

for transt rri.ﬂg high level radioactive waste to andfor from a pool that keeps eritical

fective gnd efficient

ey

{6121 I is another object of the present invention o provides & cost e

system, method and apparatus for transferving containers into and out of & fuel pool without

contgminating oritical parts of the crane.

{0013] U is o further object of the present invention i3 to provide a system, method and
apparatus for supporting a fully loaded submerged transfer cask above a flogrof & pool,
{001 4] It is a you Ruther oblect of the present invention to provide a method and apparatus for

supporting a tansfer cask in a substantially vertical orlentation within a pooi that keeps the

transfer cask from overturning during 8 seismic event.
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{BOES] 1t is & vet further object of the present invention o provide s method and apparatus
fur supporting & franster cask in a substantially vertical orfentation within a pooi that

pod

prohibits nadvertent rotation of the wansfer cask about its vertical axis.

[601&] A yei further object of the present invention is to provide a system, method and

~

apparatus that provides a cost effective alternative to two-tiered podls.

100177 Still another obiect of the prosent invention is to provide a method and epparatus for
supporting & transfer cask above floor level that does not hinder the free movement of spent

fuel assemblies or other high level radicactive waste into the transfer cask.

10018] Anoiher obleet of the present invention 18 to provide a system, method and apparatos

for transferring spent nuclear fuel into and out of a fuel pool that keeps critical components of

the crane dry.

B019] A etill further object

moving high level radivactive waste into and out of a pool that does not require modifications

of the present invention is W provide a method and apparatus for

w’

to the crane Hit elevation.

{88201 Another object of the present invention is to provide a system, method and apparati
for supporting & transfer cask in a pool that utilizes the load bearing portions of the pool.
18021} These and other objects are met by the present invention which {n one aspect may be a

N

system for transferring high level radioactive waste comprising: & container for receiving

figh level radioactive waste, the container having & support structare; a stand comprising 2
cavity for receiving the container and an opening forming a passageway into the cavity;

wherein the suppor structure is sized, shaped andfor arranged so thatt (i) when the containe

is substantially vertically orlented in a first rotational position, the support structure can not

pass through the opening due to contact between the support structure and the stand; and (i}
swhen the substantially vertically oviented container is rotated an angle about a vertical axis o

a seconsd retationg! position, the support structure can pass through the opening in an
unobstructed manner.

{8221 In another aspect the invention may be a method of transferring high level radicactive

waste from a pool comprising: a) positioning & stand in a pool, the stand having s cavity, an

apening forming a passageway into the cavity, and 8 top surfae sunding i least

portion of the cavity; b) lowering a container having a support structure and & vertical axis

into the pool using & §R assembly having a lengthy ¢} positioning the container atop the

starxd so that the support structure contacts a top surface of the stand, the contalner being ata
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first rotational position about the vertical axis, the stand supporting the container; d}
extending the length of the lift assembly; €) rotating the container about the vertical axis to a
second rotational position; and § lowering the container into the eavity of the stand, the

support structure passing through the opening of the stand.

60231 In vei another aspect the wvention may be a method of wansferring high level

j243

wadicactive waste from a pool comprising: 2} positioning a stand in a pool, the stand having a
cavity: b) Iowering a container having a vertical axis into the pool using a 1l assembly

N

having a lenglly ©) positioning the container atop the stand so that the container is at a first
retational position about the vertical axis, the stand supporting the container; 4} extending
the length of the 1t assembly; ¢} rotating the container about the vertical axis to a seeond
rofational position; and ) lowering the container imto the cavity of the stand.

10024} In ancther aspect the invention may be an apparatus for facilitating the wansfer of' g
container for receiving high level radicactive waste into andfor out of a pool, the sontainer
comprising a support structure, the apparatus comprising: a stand comprising a cavity o

receiving the container and an opening forming @ passageway into the cavily; wherein the

opening 18 swwed, s m;}cd and/or arranged so that: {1} when the containsr is m‘*stamiaiiy

manner.

10258 These and vartous other advantages and features of novelty that characierize the

mvention are pointed out with particularity below. For 8 better understanding of the
invention, its advantages, and the objects obtained by its use, reference should be made to the

drawings which form a further part hereof, and to the accompanying deseriptive matter, in

which there is ilostrated and described a preferred embodiment of the invention

Briel Desceription of the Drawings

{0271 PG, 2 is a perspective view illustrating the method of FIGLT whereln the cask is

%

posttioned at the bottom of the spent faed pool,
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IO028] FIG. 3 is 2 perspective view of a transfer cask according to one embodiment of the

prosent mveniion.

[0029] FIG, 4192 bot

r,4.

om schematic view of the support straeture of the transfor cask of FIG,

el

10030 FIG. 5 is a perspective view of g stand gecording to one embodiment of the present

nvention,
[B031] FIG. 6 i3 a top schematie view of the stand of FIG. 3.

0032] FIG. 7 is a perspective view of a fransfer eask being loaded into a fuel pool, according

to one embodinment of the present my \,ﬁl\\}n wherein the transfer cask iy comneeted 0 a rane

system.

0033} FIG. § fs 2 perspective view of a transfer cask being loaded tnto a fuel pool, secording
to one embodinment of the present invention, wherein the transfer cask is in the rotational
orientation of FICG. 114 and resting stop the stand while attached o the crane system.

X

10034] FIG. 9 is a porspective view of the transfer cask resting atop the stand as shown in
PGB

JO035] FIG. 10 1 a close up view of area IV-IV of FIG. 9 showing the cooperation betwenn
the nventive cask and inventive stand.

10036

prohibits eniry into the cavity of the stand.

FIG. 11A 15 a schematic wherein the transfer cask is in a first rotational position that

[reetts

{0037 FIG. 118 is o schematic wherein the transfer cask 1s in g seeond rotational position

that allows eairy into the cavity of the stand.

according 1o one embodiment of the present invention, wherein the transfer cask is detached
from the crane system and resting atop the stand.

H0039] FIG. 13 s & perspective view of a transfer cask being loaded into a fuel poal,
according to one smbodiment of the present invention, wherein the length of the crane system
has been increased and the crane system has been reconnected to the transfer cask resting

atop the stand.

$0407 FIG. 14 ix a porspective view of a transter cask being loaded inte 3 fuel pool,
* &

according to one smbodiment of the present invention, wherein the cask has been rotated to
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the rotational arientation of FIG 118 and wherein the cask is fully lowered into the cavity of

the stand and is positioned on the bottom of the fuel pool.

o041} FIG. 15 is a perspestive view of the transfer cask resting inside the cavity of the stand

0D42] FI(, 16 is & perspective view of the transfor cask resting atop a stand according to &

gnd erabodiment of the present mveniion.
{0043] FIG. 17 38 3 perspective view oi the stand of FIG. 16
19044] FIG, 1% is & schematic view of the top surface of the stand of FIG. 16,

100451 FIG.

ook
g5
[
b
b

‘a scheraatic bottom view of the support strocture of the cask of FIG. 16

{8046] FIG. 20 is a schematic whereln the transfer cask is in & rotational position that allows

entry fnte the cavity of the stand.

{0047} FIG. 21 is 8 perspective view of the transfer cask resting inside the cavity of the stand
of FIG, 16,

Detailed Description of the Drawings

{0048] Referring Sest to FIE 3, an embodiment of ¢ transfer cask 7 is illustrated according t©o
ane embodiment of the present invention. The cask 7 comprises a body portion 8 that formn
2 storage cavity 9 for receiving high level radiosctive waste, such as spent nuclear fusl rods.
he body portion § of the cask 7 has an open top end and g closed botton: end. The opean top
end provides access 1o the storage cavity % for inserting and removing high level radioactive

waste during loading and unloading procedures.

{0849] The cask 7 13 designed so as 1o be oriented in a substantially verticad orientation
during fransfer procedures. The cask 715 in a substantially vertical orientation in FHG. 3 and
hus, has a substantially vertical axis A-A. While a cask 7 is Hhustrated as the container o be

used in the investive wanafer system and method, any container suitable for bolding, storing

and/or transferring high level radicactive waste can be used.

0050} The cask 7 further comprises a support strocture 16, which is in the furm of a flange.
The support structure 16 ciroumiferentially surrounds and extends from the outer surface of
the body portion 8 of the cask 7. The support strocture is 16 connected to the cask 7 at or
aear the bottom end of the cask 7. While having the support structurs 16 located at or near

the hottom end of the cask 7 is preferable, the invention is not so Bmited in other
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a

embodiments. For example, the support structure can be located at or near the middie or top

of the caak 7 i desired,

[B051} The support stracture 16 can be made of stainless steel, metal, metal alloys, or any

material of sufficiont strangth to withstand the loading requirements. The support structure

%

16 i designed to be sufficienily robust so that it can withstand the weight of the cask

-

whiern

it is Tully loaded with spent nuclesr fuel and fuel pool waler.
{0052] In the tHustrated embodiment, the support structure 16 i exemplified a8 2 continnous
flange that cirenmierentially sarrounds and extends from the body portion 8 of the cask. The

support structure 16, however, can take on a wide variety of embodiments so long as it can

o

achieve the desired functional cooperation with the stand 14 thet will be described in greater
detsi below. For example, the support structure 16 could be a segmented flange, a plurality
of pins, a plurality of trunnions andfor any structure sufficiently resilient andfor strong
enongh to withstand the necessary support and load requirements. Morsgver, while the

support strocture 16 is deseribed as being a component of the cask 7 for ease of discussion,

X

A

the support strogture 16 can be an integral portion or surface of the cask 7 itself, For

\

e-xamgie, and withoot Hmitation, the support structure 16 could be the bottom surface of the

{B033] Referring now io FIG. 4, a bottor schematic view of the support structure 16 s
tHustrated 8o that s horizontal cross-sectional profile con be clearly observed. The support
structure 16 s specially sized and shaped so that the desired relative cooperation with the
spening 138 of the stand 14 is achieved. This desired relative cooperation between the cask 7
ard the stand 14 will be discussed in relation to FIGS, 11A-118 below.

{B854] Referving still to FIG. 4, the support structure 16 has a external perimeter 48 that
forms & hovwzontal cross-sectional profile, which in the ilustrated embodiment of FIG. 4
generally square shape with rounded edges. The invention, however, is not Hmited 1o any

3

speeific horizontal cross-sectional profile and/or size of the support structure 16, For
example, in some embodiments, the horizontal cross-sectional profile of the support stroeture
16 can be rectangalar, triangular, hexagonal, sctagonal, oval or rregudar shaped. The exact
horizontal cross-sectional profile andfor size of the support structure 16 will be dictated by

the geometry and dimensions of the opening 130 of the stand 14, or vice versa.

H0S3] The support structure 16 has a bottom surface 200 The bottom surface 28 of the

X

support stroeture 16 extends hortzontally from the body portion 8 of the cask 7. However, In



WO 2008/079439 PCT/US2007/073187

alternative embodiments, the bottom surface 20 could extend at any angle from the body of

cask 7. While the bottoon surface 20 of the support structure 16 is a Hat surface inthe
{lustrated embodiment, the bottowm surface 20 of the support structure 16 can be of any
contony, including without Mmitation, stepped or curved. The bottom surface 28 is preferably
designed 1o cooperate with a top surface of the stand 14 so that when the eask 7 is positioned
atop the stand 14 {as shown in FIG. 6), the cask 9 is supperied by the stand 14 ina

substantially vertival onentation.

[0056] Referring now o FIG. 3, a stand 14 aceording to an embodiment of the present
invention s Hustrated. The stand 14 is 8 rigid box-like stracture comprising four
inferconnested side walls 32, The side walls 32 of the stand 14 are formed by & plarality of

beams arranged so that the stand 14 is strong enough to support a fully loaded cask 7.

H0057] The stand 14 comprises a cavity 31 formed between the side walls 32, The cavity 31
is sized 30 a8 to be capable of accommodating the cask 7 (when the cask 7 is in the proper
rotational position). While the cavity 31 s shown as enclosed by side walls 32 of stand 14,
the invention is not 3o Hmited and the cavity 31 can be a space with open sides, closed sides,
an open bettom end, or a closed bottom end. The stand 14 has « top sarfacs 36 that is formed
by the upper surfaces of the interconnected walls 32, The top surface 30 comprises/forms an
opening 130, The opening 130 forms a passageway downward into the cavity 31 of the stand
FE 3

0058} Referring now to FIG. 6, the opening 136 of the stand has a horizontal cross seetivnal

$1u]

Yorg
I3

7

profile formed by the internal perimeter 48 of the top surfice 30 ofthe stand 14, T
horizontal cross sectionad profile of the opening 130 of the exemplified embodiment of the
stand 14 is square. The invention, however, is not limited to any specific horizontal eross-
sectional profile andfor size of the opening 130 of the stand 14. For example, in some
embodiments, the horizontal cross-sectional profile of the opening 138 can be withowt
limitation rectangalar, rangolar, hexagonal, octagonal, or irvepudar shaped. The exact
horizontal cross-sectional profile andfor size of the opening 136 will be dictated by the
geometry and dimnensions of the support structure 16 for which i is designed to cooperate

with, Or vice versa.

[B859] More specifically, the horizontal eross-sectional profiles of the opening 138 andfor the

&

and shaped relative to one another so that (1) when the cask 7

F;L:

support structure 16 are size

.

is substantially vertically oriented and in a first rotational position, the support structure 16
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can not pass through th opening 130 due to surfsce contact between the bottom surface 26 of
he support structure 16 and the top surface 38 of the stand 14 (see FIG, 1TA)Y, and (2) when
the cask 7 is substantially vertically oviented and rotated a nonzero angle about the vertical
axis &~A o a second rotational position, the support structure 16 can pass through the

operdng 138 in an snobstructed and unimpeded manner (see FIG. 118}

{060] As used hevein, the top surface 30 of the stand 14 generally refers to that surface of

the stand 14 which, as discnssed below, contacts the support structure 16 of' the cask T when
the cask 7 Is in certain rotational positions, thereby prohibiting the cask 7 from entering the

~

cavity 31, Thag, while the top surface 3§ of the ;x«emphmd stand 14 1s formed by the upper

P ~

surfaces of the side walls 32, the top surface 3@ is nof so Hmited. For example, the top
surface 30 could be formed by a ledge or catches within the stand 14 or the vpper surface of
another strochure of the stand 14, Additionally, the top surface 30 does not have to be g
continuous andéor fat surface, so long as sufficient surface exists to support the cask 7.
10061] The stand 14 can tkewise take on a wide variety of embodiments and is not Hmited to

83

g frame ke box structure, so long as the functional objectives discussed below can be
accomplished. For example, the stand can be without imitation a sheli-like structure, &
plurality of vertivally oriented and spaced apart posts, o any structurg or comtbination of

strogtures that can support the cask 7 by surface contact with the support strueture 16.

{8062} Referring back to FIG, 5, the stand 14 further comprises a plurality of stoppers 13,
The stoppers 13 are provided to prevent undesired rotation of the eask 7 about ts vertical axis
A~A when the cask 7 is positioned atop stand 14 (as shown in FIG. %), The stoppers 13
extend upward froan the top surface 38 of the stand 14, The stoppers 13 are arranged in

functional pairs, with one pair of stoppers 13 being centrally located on each side wall 32,

[0063] The individual stoppers 13 in cach pair of stoppers 13 are spaced from one another 8o
that & portion of the support structure §6 can rest on the top surface 30 of the stand 14
hatween the stoppers 13, The positioning of the stoppers 13 allows the cask 7 to rest freely
on the top surface 38 of the stand 14 while preventing the vask 7 from rotating sbout its

vertical axis A~-A (FIG.3%

{964] The stoppers 13 comprise a base 23 and a bracket 24. The beackets 34 have nclined
upper surfaoss o goide the partimm: of the support structure 16 into the desired position
hetween the stoppers 13 during the initial lowering of the cask 7. The invention, however,
aot so Hmited and the brackets 24 do nof have t© be angled. The stoppers 13 may be any

.J

10
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shape so long as the stoppers 13 can prevent rotation of the cask 7 about ite vertical axis &-4A
when the cask 7 is rosting atop the stand 14, Thus, the stoppers 13 may be ping, blogks, and
the Hke. {n other embodiments, the stoppers 13 may not be used. In such embodiments, the

3

top surface 30 of the stand 14 may be configured 1o have grooves, depressions or cutouts o

g

cogage the support structure 16 of the cask 7.

pes

£on

{0065} Although the stand 14 does not extend the full height of vask 7 in the {Hlustrate
embodiment, it may be preferred that the stand 14 have a height that is greater than the height
of the cask 7 in some embodiments. In order to maximize the benefits of the stand 14, it may
be further preforred that the stand 14 have a height that is af least 40% of the depth of the

pool in which It is situsted,

6066] A method of lowering the cask 7 into-a fuel pool according to nne embodiment of the

N

presor invention will now be described with reference o FIGS. 7-15, While the inventive

method will be deseribed in relation fo facilitating the transfer of speat fuel from a fued pool,
it 18 10 be anderstood that the invention is not 8o limited and can be used in any transport

operation that would be benelited by the use of the stand 14,

{0067} Referring festto FIG. 7, the cask 7 13 connected to g crane, Hited fron the poolsid
area & and supported above spent fuel pool 4. More speciﬁcaiiy, the cask 7 is attached o
crane block 13 via It voke 9, extension member 10 and slings 13, The slings 13 sre sized o
enable cask 7 to be lifted over edge 3 of the spent fuel pool 4. The stand 14 is positioned at

" o
o

the bottom of the fuel pool 4 at a load bearing location.

1

{80681 The crane then moves the cask 7 into a position divectly above the stand 14 and beging

yrrn

to lower the cask 7 into the fuel pool 4, therehy submerging the cask 7. During this lowering
pr{;scai‘iurm the cask 7 is i a substantially vertical orlentation and in a first rotational position

¢ Hiest rotational position is shown in FIG, 11AY  The cask 7 continues
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frel pool 4 antil # contacts and rests atop the stand 14, Referring now
to FiG, &, the cask 7 is supporied gtop the stand 14 1n a sebstantially vertical orientation,
which is shown in detail in FIGL &

006 Re‘fﬁﬂ‘ii‘ig now to FIG. 8, the cooperation between the stand 14 and the cask 7 during

this stage will be deseribed i detail. The cask 7 is positioned above and atop the stand 14,
The cask 7 is not secured © the stand 14 bot merely rests atop the stand 14 and is maintained

in place via surfsce contact with the stand 14, As such, the cask 7 may be 1ifled and rotated

11
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about its vertical axis A-A without having to access the foel pool 4 or the need for moving

’J

EALERS

UJ

{0076] The cooperntion between the support structure 16 of the cask 7 and the top surface 3¢
of the stand 14 not only supports the cask 7 in a substantially vertical orientation but slso

prohibits the cask from being lowered into the cavity 31 of the stand 14, Muore specifically,

oot

becguse the cask 7 is in the first rotational posii;fu;ms which is shown in FIG. 114, the supp{m

of the stangd 14,

{8071} Referring now to FIG. 11 A, the relationship between the support structure 16 and the
spening 130 of the stand 14 at this stage is schematically iflustrated. The reference poimt B is
added to the support structure 16 to assist in the illustration of the rotational orientation of the
cask 7 with reapect o the stand 14, The cask 7 is in the first rotational position and isina
substantially vertical orlentation. As can be scen, when the cask is in this first rotational
position, & portion of the support structure 16 overlaps the top surface 30 of the stand 14

which forms the opening 130, This overlap permits eask 7 1o be supported by stand 14 as

10072] Refersing back to FIG. 9, during the initial lowering step discussed above, the
stoppers 13 guide the support structure 13 inte the illustrated and desired resting position,
Referring now t© FIG. 10, a closs up of area IV-1V of FIG. 9 that shows the cooperation
hetween the sfoppers 13 and the support structure 13 is illustrated. Onee the cask 7 is fully
resting on the stand 14, the sfoppers 13 prohibit the cask 7 from unwanted rotation about its

axis A=A via surfaes contact.

[0073] Reforring now to FIG. 12, once the cask 7 is positionsd atop and fully supported by
the stand 14, the crane is unattached from the cask 7. Additional length is then sdded to the
crane system inany of the following ways: exiension 10 can be extended by telescoping; an
additional extension piece may be added to extension 10; shings 13 may be repiaced with
longer slings; or any other method of extending crane height known in the art. Referring now

o FIG, 13, once the crane system has been changed over, the longer crane syatem &

veattached 1o the cask 7.

(0074] Onee the longer lifting assembly is reattached to the cask 7, the cask 7 is lifted a small

height uniil 8 bottom surface clears the stoppers 13, The cask 7 s vertically ortented during

this stage. The cask 7 is then rotated about its axis A-A by @ nor-zero angle untid the support

12
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\

structure 16 of the cask 7 15 in g second rotational posttion that allows it to pass through the

aing 138 of the stand 14 in an unebstructed manner, as shown in FIG, 1B,

ru

{00751 Referring now te FIG, 1B, it can be seen that when the cask 7 i rotated by & nonwerc
angle 8 about axiz A~A {which I3 seen as point A}, there is no overlap betwesn the support
structure 16 and the top surface 30 of the stand 14. Thus, the support structure 16 can pass
through the opening 138 in an undmpeded and unobstructed manner inte the cavity 31, Inthe
itlusirated embodiment, the angle 8 is 43°, However, the invention s not so Hmited, and any
non-vero angle can be used. The rectangular with rounded comers horizontal cross-sectional
profile of support structure 16 will function in the above manner with the sguared horizontsl
cross-sectional profile of the opening 130 of stand 14, 1L however, the horizontal cross-
sectional profile of the operung 138 in stand 14 changes, then the honzontal cross-sectional
profile of the support structure 16 must be modified accordingly. The shape and size of the
support structure 18 is thus dependent upon the shape and size of opening 136 in the stand 14,

1d vige-versa,

[0676] Referring now 1o FIGS. 14 and 15 concurrently, once the cask 7 is rotated 1nto the

second rotational position i is lowered into the cavity 31 of the stand 14 antil it contacts mmd

X

rests atop the Hoor § of the fuel pool 4. Once in this position, the vask 7 i3 ibaded with the

spent muclear fuel rods s 1s customary. The reverse procedure may then be used o remove

o
H

7 from the fuel pool 4. This method permits the cables 12, ax well a3

cable block 11 1o remain dry during all phases of transporting nuclear fuel into and out of the

PO

fuel pool 4, Furthermore, all loads are directed to the load-bearing portions of the spent fuel

pool Hoor &

{8077] The stand 14 can be used 1 other focations as necessary. For example, the stand 14

~

could be used to support the cask 7 at the pool surface where a lid 8 and operating features of

’ /

cask ¥ are accessibls from the operating sections of the fuel building. This allows the cask 7
to remain in the fuel building while operators prepare the cask 7 for movement from the tuel
building, In this case, the stand 14 is suspended from the baoilding structore and hangs down
inin a foel fravsfer pit. The stand 14 could alternatively be u nywhers in the nuclear

sed a
factitty where a provedure will be facilitated by raising a cask 7 by the height of stand 14

H0078] Referring now to FHG8.16 - 21 concurrently, a transfer system 180A wherein the
stand 144 8 2 ovlindrical shell-Bke structure s HHlustrated sccording to an aliernative

embodiment of the present Invention, The structural components {and their fanctioning) of

13
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the transfer system 1004 are in many ways identical to those discussed above with respect to
wansfer system 190 of FIGS 1415 with the piajor exception that the stand 144 of the transfor
systent 1H0A s o oylindrical shell-like structure rather than s box-like frame, as i the case
with the stand 14 of the transfer system 100, Therefors, in order 1o avoid redundaney, ondy
those design aspects of the transfer system 100A that substantially differ from transfer system
1080 will be discussed i detail below with the understanding that the remaining strocture and
components of the fransfer svstem 1084 arc the same as that discussed above with respect
sranster systerm 188, Forthermore, Hke elements of the transfor systemy 1084, 188 will have
Hike numerieal identifiers with the addition of the alphabetical suffix A to the numerical

identifiers of wransier system 100A.

{0079] Referring now to FIHG. 18, the wansfer system 1084 generally comprises a cask T4

and a stand 34A. The cask TA ix positioned on top of the stand 14A in & substantially veriioal
origmiation, and thue, bas a substantially vertical axis. The cooperation between the cask 74
amnl the stand 164 {s the same as discussed above with respect to the transfer system 106,

Specifically, when the cask TA is at 2 first rotational position, the cask 7A is supported on top
of the stand 144, and when the cask TA is rotated about its vertical axis 1o a second rotational

position, the cask TA enters 2 cavity 314 of the stand 14A unimpeded.

{0080} Referring now to FIG, 17, the stand 14A ix 8 eylindrical sheli-like strocture
comprising a shell 32A that forms a cavity 314, The cavity 31A s sized s0 a8 to be capable
of accommodating the cask TA. The stand 144 s an fitegral structure, but for ease of
discisssion, the stand 14A will be conceptually divided into an upper portion 624 and a lower

postion 61A.

{00811 The lower portion $1A of the stand 144 is designed to provide stability w the stand
144, when the stand 144 s supporting the design load. The lewer portion 614 comprises a
plurality of brackets 63A and a base plate 64A. The brackets 634 extend from the base plate
644 i an npward divecticnr. The brackets are connecied to the outer surface of the shell 324
fthe stand $44. The brackeis 63A are not lmited to the iHustrated triangular shape, but
mray be any shape. The base plate 64A is an oclagonal shaped plate like structurs. The base
plate 644 may be any shape %o long as i maintains the stabilily of the stand A in theea

of seismic ovenis or other interforences.

D82} The stand 144 further comprises a plurality of blocks 584 positioned at the upper

portion 62A. The blocks SBA are positioned at the top of the shell 32A, bus the invention is

14
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rot so limited and the blocks 50A coudd be positioned at or near the middle of the shell 324,
The blocks S84 are spaced from one another and extend from the inner surface of the shell
3ZA. In the liustrated embodiment, there are four blocks S0A, positioned squidistant from
ong snother. In allernative smbeditments, the number of blocks S8A may vary. The upper
swface of the shell 32A together with the blocks 504 form the top surface 38A. The top
surface 36A comprises a plurality of pins 13A. The pins 134 are positioned in pairs of two
on the upper surface of the blocks S0A. As will be discussed in more detail below, the pins
134 are designed to alidably engage with a plurality of holes $1A {shown in FIG. 19} located

on the support structure 16A of the cask 7,

{0083] Referring now 1o FIG. 18, a schematic view of the top surface 384 s ilusieted so
that #s horteontal cross-sectional profile can be clearty observed. The top surface 304 formy
av opening 130A. The opening 130A forms a passageway into the cavity 31A. The opening
1304 of the stand 344 has a horizonts] cross-sectional profile formed by the infernal
perimeter 454 of the top surface 304 of the stand 144, The horizontal cross seetional profile

generally eircular profile with rectangular shaped cutouts. The size

e

of the opening 1304 s a
and shape of the opening 130A is designed o interact with the geometry and dimensions of

the support structare 164, as will be discussed with respect to FIG. 20,

10084} Referving now o FIG, 19, a bottom schematic view of the support siruchure 164 is

Hiustrated so that #s design details can be clearly observed. The support structure 164 s the

save as suppost structure 16, ilustrated in FIG. 4, therefore only the design aspects
particularly relevant to the transfer system 1084 will be discussed. The suppont structure 16

has & oross sectional profile formed by an external perimetor 40A that is » generally square
shape with roonded edges. The support structure 16A comprises a plurality holes S1A. The
holes SLA are in pairs located along the curved sections of the support structure 164, The
holes S1A are designed o slidably engage with the pins 13A (shown in FIGS. 17 and18) of
the stand 144, When the cask 7A is al a fiest rotational position, atop the top surface 304 of
stand 144, there Is an overlap between the support structure 16A and the top surface 364 of
the stand 144, In that rotational position, the pins 13A of the stand 144 are positioned
within the holes 814 of the support structure 16A such that the cask TA is prevented from

unintentioually rotating showt is vertical axis.

{BO8S] As Hustrated In FIG. 20, the cask TA may be lified to clear the height of the pins 13A
and rotated about ity vertical axis 1o a second rotational position so that the suppost stracture

16A passes through the opening 130A in an unimpeded manner. When the eask TA s in the
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seeond rotational position, there is no averlap between the support structure 164 of the cask
7A and the top surface 30A of the stand 14A. Thus, the cask 7A may pass through the

ppening 1384 and into the cavity 31A of the stand 14A.

D086} As illustrated inn FIG, 21, the cask TA may rest within the stand 14A. Thus, the
fransier system 1004 may be used in the method discussed with reference to FIGS, 7153

the same manner as the transfer svstern 104,

{0871 It is 10 be understoond, however, that even though nurserous characteristics and
advantages of the present nvention have been set forth in the foregoing description, together
with details of the strocture and function of the tovention, the disclosure {s ilustrative only,
and changes may be made in detail, especially in matters of shapu size and arrangement of
parts within the principles of the invention to the Rill extent indicated by the broad general

meaning of the terms in which the appended claims are sxpressed.
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Claims

~

1o A system for transferring high level radioactive waste comprising:
a contairer for receiving high level radivactive waste, the comainer having a support
stragture;
a stand comprising 8 cavity for recelving the container and an opening forming a
passageway info the cavity;
wherein the support structure I8 sized, shaped andfor arranged so that: {iy when the
container is substantially vertically orented in a first rotational position, the support structure

can not pass through the opening due to contact between the support structure and the stand;

and {11} when the substantially vertically ontented container is rotated an sagle about a verticd

e

axis 0 a second rotational position, the support strocture can pass through the opening in an
unobstructed manner.
2. The system of olaim 1 further comprising:
the stand having = top surface that surrounds at keast a portion of the opening;
S S : &

the support sirpcture having 3 bottony surface; and

wherein when the container i3 in the first rotational position, the support structure can

not pass through the opening due o surface contact between the bottom surface of the

support structure and the top surface of the stand.
3. The systern of clatm 1 further comprising:
the stand having o top surface that surrounds at least a portion of the opening;
the support structure having a bottom surface; and

fhe bottean surface of the support struciure and the fop surface of the stand configured

so that when the container is in the first rotational position and lewered into sontact with the

stand, the container is supported by the stand in a substantially vertical onentation.
4. The system of clatm 3 whereln the top surface of the stand comprises means for

prohibiting rotation of the comtainer about the veriieal axis when the container is supported by

the stand.

17
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S, The system of claim 4 wherein the prohibition means comprises one oy more

profuberances protmding from the top surface of the stand.

&. The system of olaim 4 whereln the prohibition means comprises 2 pair of protuberances
spaced from one another and extending from the top surface of the stand, the protaberances
having a sloped upper surface for guiding a portion of the suppos structure into comtact with

by

the stand between the pair of protuberances.

7. The system of olaim 6 comprising a plurality of the pair of protuberances.

[
>
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1 whergin the support structure is a fange.
%, The system of olstin 8 further comprising

the flange having an exfemnal penimeter that forms a horizonts! eross-sectional profiie;

the opening baving a horizontal cross-sectional profile; and

wherein the horizowal cross~-sectional profiles of the Hange and the opening are sized

and shaped relative @ one another so that: (1) whern the container is substantially vertically

X,

ortented in a frst rotational position, the Hange can not pass through the opening doe to

"fj

contact between the Hange and the stand; and {i1) when the substantially vertically ortenied
container 18 rolated an angle about a vertical axis 1o a second rotational pusition, the flange

cay pass through the opening in an unobstructed manner.

X

2
/{

10, The system of clalm 9 wherein the horfzontal cross-sectional profile of the flange is
rectangular with rownded comers and the horizontal erpss-sectivnal profile of the opening i3
rectangular,

5

11, The system of claim 1 wherein the stand has a height and the container has a height, the
height of the stand being less than the height of the container.

12, The system of claim 1 wherein the stand is 8 rigid box-like strocture formed by four
walls

3. The system of clatm 12 wherein the stand is formed by 8 phurality of interconnecied
walls, the walls being frame-like structures

S
SZM

14, The system of elaim | wherein the cavity has an open top end formed by the opening an

an open bottom end.

15, A method of transterning high level radiogetive waste from a pool comprising:

18
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o~

a} positioning a stand 1w a pool, the stand having g cavity, an opening forming &

o~

passageway inte the cavity, and a top surface surrounding at least a portion of the cavity;

by lowering s container baving a support structure and g vertical @ds inio the poal

b2 d
Eca

¢} positioning the container gtop the stand so that the support structure contact

(2]

a top
surisee of the stand, the container being at a first rotational position shout the vertical axis,

the stand supporting the container:
4 exiending the leogth of the Hft assembly;

€} roiating the container about the vertical axis to g second rotational position; and

X

16, The method of claim 15 wherein a nonwere angle exists between the first rotational

position and the second rotetional position.

17, The method of claim 16 wherein the nonzero angle s between 28 degrees and 60
degrees

18, The method of claio § whereln step ¢} further comprises lfling the container off of the

18, The method of clafm 135 wherein the support structore is sized, shaped andfor arvanged so
that: (1} when the container is in the first rotational position, the support straciure can not pass
through the opuning due o contact between the support structure and the stand; and (1) when

the substantially vertically oriented container is in the second rotational position, the support

x

X

structure can pasy through the opening in an unohstructed manner.

20, The method of claim 15 wherein the top surface of the stand comprises means for

prohibiting rotation of the container about the vertical axis when the container is supported by

21 The methed of claim 20 wherein the prohibition means comprises a pair of protuberances

¥

paced from one another and extending from the top surface of the stand, the protuberances

[2]

faving a stoped upper surface

=

The method of elaim 21 wherein step ¢) comprises lowering the container ontil the

support structore contacts the sloped surfaces of the protuberances, the sloped surfaves
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puiding a portion of the support structure into contact with the stand between the pair of

23, The method of claim 15 further comprising:

&y lowering the container into the cavity of the stand antil the container I8 supported

in a substantially vertival ovtentation within the cavity;
R} loading the container with high level radioactive waste

1} raising the container out of the cavity of the stand until the support structure

o

above the top surface of the stand;

i} rotating the container about the vertical axis back o the first rotational position;
positioning the contalner atop the stand so that the support structure contagts 8 Yop
Iy reducing the length of the 1 assembly; and

w) raising the container out of the pool.

24, A methed of tranaferring high level radipactive waste from @ pool comprising:

&) positioning 8 stand In a pool, the stand having a cavity;

b} lowering a contaiver having a vertical axis Into the pool using a Lt assembly
having s lengily;

£} posttioning the container atop the stand sb that the container s at a fiest rotational
position showt the vertical axis, the stand supporting the contginer;

4} extensting the length of the hft assembly;

2} rotating the container ahout the vertical axis to a second rotational position; and

£} lowering the container into the cavity of the stand.

S

25, An apparatus for facilitating the transfer of & container for receiving

¥

high leve

Vot

radicactive waste into andfor out of a pool, the container comprizing a support structure, the

apparstus comprising:

&

& stand comprising a cavity for receiving the container and an opening forming 8

passageway indn the cavity;

fd
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wherein the opening is sized and shaped so thair (1) when the comtainer i substantiaily
vertically orieanted in & first rotational position, the support structure can not pass through the
opening due (o comact between the support structure and the stand; and (8} when the
substaniially vertically oviented container is rotated an angle about 2 vertical axis o & second
rodational position, the support structure ¢an pass through the opening in an unobstructed

WANNRYL.
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