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(57)  Apparatus for moving radioactive waste (11)
from a storage vault (13) to a second suitable container
(28) by means of a flowing fluid, a flexible tube (1) being
inserted in the storage vault (13) is connected to a suc-
tion device capable of maintaining a negative pressure
in the tube (11), the suction device being located outside

Apparatus and method for the retrieval of radioactive material from an enclosure vault

the storage vault (13), where the tube (1) comprises a
plurality of manoeuvring devices (7a, 7b) surrounding
the circumference of the tube (1) and extending in the
longitudinal direction of the tube (1).

A method of moving radioactive waste (11) from a
storage vault (13) to another suitable container (28) by
means of a flowing fluid is also described.
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Description

[0001] This invention regards an apparatus and a
method for the retrieval of fragments of radioactive
waste from an enclosed vault, more exactly by a remote
controlled vacuum nozzle, which is remotely steered in-
to the enclosed vault through an access hole, which then
retrieves the radioactive waste by means of vacuum and
subsequently transfers the waste to a collection hopper.
[0002] Allstorage and handling of radioactive material
are governed by astringent health and safety require-
ments. Storage on an installation, for example a nuclear
power plant or a drilling rig for exploration drilling, takes
place in a shielded environment. Upon requirement the
material will either be processed or transferred to a per-
manent storage location.

[0003] The nature of the material does not permit di-
rect human access to the container or location where
the radioactive material has been stored for the purpose
of manual retrieval of the radioactive material. The radi-
oactive material must be removed without any direct hu-
man contact, and therefore necessitates remote opera-
tion by mechanical manipulators with gripping appara-
tuses to retrieve the material from the closure it has been
placed in. The manipulator must then move the material
to another location where is can be exposed for further
handling.

[0004] These operations that are time demanding and
expensive, must be repeated until all of the material has
been retrieved. There is also the risk that such mechan-
ical manipulators can become trapped within the stor-
age containers, as a majority of these containers exhibit
entry holes of limited size. Such breakdowns can result
in complex and costly operations, due to the strong re-
quirements concerning manual work around or near
such radioactive elements.

[0005] Using a submerged pump with telescopic
pipes for the evacuation of liquid radioactive waste from
avesselis known from EP 0 730 094 A1 which illustrates
a variable suction device, the vertical level of the pump
being remote controlled by raising and lowering the
pump along a framework. The driving means (motor,
pump) are submerged in the radioactive waste.

[0006] JP 7214 096 discloses a device for the suction
of sludge from the bottom of an open water reservoir,
the suction nozzle being positioned on the bottom sur-
face of the reservoir by the remote control of a telescopic
boom and by winding the hose onto or off a reel on the
telescopic boom. The suction nozzle includes remote
controlled driving means for the travelling of the suction
nozzle horizontally on the bed and remote controlled de-
vices for assisting the moving of the sludge towards the
suction nozzle.

[0007] JP 10 020 089 discloses a device for the re-
covery of bottom sediment inside radioactive waste lig-
uid tank. A suction pump is arranged above the fluid lev-
el inside the tank. The suction pump is allocated a suc-
tion hose, the free end of which is connected to a car-
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riage being arranged to remotely travel horizontally
along the bottom surface of the tank for the purpose of
sucking in the clad. The clad is recovered by means of
a filter and the fluid is returned to the tank through a
discharge hose. The device is operated from inside the
tank.

[0008] From GreyPilgrim LLC (USA) is known a ma-
nipulation system (EMMA) used during the Hanford
Tank Initiative (HTI). A remotely operated serpentine
hose system is disclosed, which is manipulated by sev-
eral sets of cooperating cylinders, every set being inter-
connected at the circumference of rings, the cylinders
being located substantially parallel and in the direction
of the centre axis of the hose system. A suction nozzle
being connected to an air-conveyance hose is attached
to the free end of the manipulation system. By retraction
and extension of the cylinders the suction nozzle can be
moved in a three-axis system. A water-jet system is
used to tear up affixed materials.

[0009] From the NIST "Robo-crane" is known a large
gantry type crane, which can place its load within an un-
obstructed space by use of multiple lift cables.

[0010] The objectof the invention is to remedy at least
one of the disadvantages of prior art.

[0011] The objectis achieved by characteristics given
in the description below and in the appended claims.
[0012] This invention regards an apparatus and a
method for the retrieval of fragments of radioactive
waste from a storage vault with limited access, a remote
controlled nozzle being arranged at the free end of a
flexible tube suitable to be remotely steered into the en-
closed storage vault through an access hole, preferably
located in the ceiling of the vault, with the purpose of
retrieving the radioactive waste by means of negative
pressure, i.e. suction, and deposit the waste in a suitable
storage location for further handling.

[0013] The principle of the apparatus and method is
to use a flexible air-conveyance conduit as the back-
bone of a system of control cables, which can be used
to create controlled curvature with the conduit, thus al-
lowing the operator to place the nozzle anywhere in the
horizontal plane within the reach of the conduit. The con-
duit assembily is flexible enough to be extended and re-
tracted by use of a hose-reel upon which the non-de-
ployed conduit is spooled. Upon remotely operated ro-
tation of the hose-reel, the length of the conduit portion
projecting into the storage vault is adjusted, thereby
controlling the position of the nozzle in the vertical plane.
The air-conveyance conduit is used to transport rapidly
moving air from within the storage vault towards a vac-
uum system, which is connected to the apparatus. The
airflow is used to transport radioactive material, which
falls within fraction size range of which the nozzle is di-
mensioned, to a transport container, which is connected
to the apparatus and the vacuum system, and located
outside the storage vault. In this way the radioactive
waste remains in a closed system even during the trans-
fer from the storage vault to the transport container.
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[0014] The apparatus comprises the following main
components:

. Agitator

. Nozzle

. Spoolable and manoeuvrable conduit

. Conduit actuation system

. Gator and guides

Hose outlet connector

g. Hose manoeuvring actuator system

h. Hose reel drive

i. Hose manoeuvring actuator drive

j- Control system

k. Hose reel

To the apparatus is preferably connected:

I. A transport container

m. A cyclone separator unit and lock device to be
interconnected with 1)

n. A vacuum pump

0. Hoses to interconnect f) and m), 1) and m) and
m) to n) .

SO Q0T o

[0015] The conduit, which under suitable remote con-
trol is to be guided into the radioactive material storage
vault, comprises at a lower portion of the conduit a noz-
zle and an agitator. The nozzle is preferably rotatable
about an axis, which substantially coincides with or is
parallel to the centre axis of the tube.

[0016] The agitator is in its operative position ar-
ranged immediately in front of the nozzle and is by a
suitable motion capable of fragmenting the waste adja-
cent the nozzle and possibly moving the fragments into
the airstream towards the nozzle. The agitator may pref-
erably be moved by one or more rotating, flexible shafts
or by means of one or more hydraulic actuators. The
agitator driving means, in the form of one or more mo-
tors, possibly a hydraulic pump, are preferably located
outside the storage vault, thereby allowing simplified ac-
cess in the event of maintenance. The agitator substan-
tially follows the movement of the nozzle.

[0017] The nozzle's interior geometry exhibits less
passage cross section and less curvature radii than that
of any other location in the consecutive flow path of the
waste, including for example the curvature of the conduit
spooled onto the hose-reel.

[0018] The purpose of the nozzle geometry is to
cause possible blockage of the material flow to occur
before the materials leaves the nozzle.

[0019] The nozzle is preferably made of a plurality of
sections by an axial split, the upper portion of two or
more nozzle sections in a hinged way are connected to
a nozzle basement.

[0020] In the event of a blockage within the nozzle,
the nozzle can be opened using remote control, causing
the interior cross section of the nozzle to extend and the
stuck fragments to be liberated, thus falling out of the
nozzle.

[0021] The lower portion of the tube may preferably
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also be provided with devices for cutting large fractions
of the material to be sucked.

[0022] Furthermore, the lower portion of the tube may
preferably be provided with a monitoring camera being
interconnected with a monitoring system located togeth-
er with the other control devices, thereby offering visual
monitoring of nozzle, agitator etc.

[0023] The tube is deposited on a motorized reel in a
spoolable manner, causing the lower tube portion to be
locatable at any vertical level when the tube is lowered
into a vault containing the radioactive material.

[0024] The conduit is provided with one or more tube
actuation sets in the form of control cable sets, which
are integrated onto the outer surface of the tube. Each
control cable set comprises three or more tensionable
cables, which are located at equal intervals around the
circumference of the tube. The cables are sheathed be-
tween the upper end portion of the tube, at the connec-
tion to the hose-reel, and the portion of the tube at which
a curvature of the tube is required to start. The cables
continue unsheathed between the lower end of the
sheathing and the lower cable attachments defined by
the tube portion of which the curvature is required to
end. In the intermediate curvature portion suitable
guides support the cables.

[0025] Upon tensioning of one or more neighbouring
cables, the tube portion at the unsheathed section of the
cable is retracted causing the tube to be bent in a con-
trolled manner in the direction of the location on the tube
of the tensioned cable (s) .

[0026] By implementing multiple sets of cables, each
set having different cable termination points and thereby
multiple controllable curvature sections along the length
of the tube, the tube can be curved in different ways to
allow a simple sweeping motion of the nozzle along the
surface of the waste, or more complex curvatures such
as "S" shape, in order to manoeuvre the nozzle and the
tube around obstacles such as columns, walls etc.
which may exist within the vault.

[0027] The cable set(s) are tensioned from actuators
located within the hose-reel where the cables, cable
sheathes and conduit terminate. In the event of mechan-
ical, electrical or hydraulic failure, depending on the type
of actuators used, the conduit will assume a non-ten-
sioned posture, thereby becoming straight and allowing
retraction of the tube by rotation of the hose-reel, without
exhibiting any bent shape which could cause the tube
to become trapped within the vault.

[0028] The hose is connected to the vacuum system
via the reel unit and rigid pipes or flexible hoses in a way
to establish airflow into the nozzle of the tube. The vac-
uum unit is further, via a cyclone and a lock-device, in-
terconnected with the transport container in which the
waste being sucked from the storage vault is deposited
in a continuous or batch process.

[0029] The following describes a non-limiting exam-
ple of a preferred embodiment illustrated in the accom-
panying drawings, in which:
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Fig. 1 is a view of the complete system according
to the invention arranged in a schematic production
facility;

Fig. 2 shows at a larger scale the lower portion of
the tube and the nozzle of the apparatus;

Fig. 3 shows at a smaller scale an example of a
curved tube in an operative position;

Fig. 4a shows at a larger scale an alternative em-
bodiment of the nozzle in operative mode, the noz-
zle being blocked; and

Fig. 4b shows at equal scale the same nozzle in
open mode, and stuck material has been liberated.

[0030] A flexible tube 1 comprises an end portion 2
with a nozzle 3. Evenly spaced along substantially all of
the tube's 1 length are fitted and attached circular sup-
port rings 4a, 4b, 4c encircling the tube 1. Several ma-
noeuvring devices in the form of control cables 7a are
evenly distributed about the circumference of the tube
1 and are attached to a bottom plate 8 and are conveyed
along the tube 1 and through the support rings 4a, 4b to
a first actuator (not shown) integrated within a reel unit
5. The tube 1 is preferably also provided with a second
set of manoeuvring devices in the form of control cables
7b, which are attached to the support ring 4b at a dis-
tance from the end portion 2 of the tube 1. The control
cables 7b are in the same manner as described above
conveyed along the tube 1 and through the supportrings
4c and connected to a second actuator (not shown) in-
tegrated within the reel unit 5.

[0031] The nozzle 3 can be moved horizontally by the
curving of the lower end portion 2 of the tube, the first
actuator (not shown) retracting one or more of the con-
trol cables 7a causing the end portion 2 of the tube 1
being bent outwards, possibly by the second actuator
(not shown) retracting one or more control cables 7b
causing the tube 1 to curve upside the end portion 2.
[0032] The nozzle 3 is rotatable about an axis coin-
ciding with the centre axis of the tube 1. The rotation is
performed by means of a motor 4 and a transmission
(not shown).

[0033] The end portion 2 includes a rotatable, me-
chanic agitator 9, which is capable of breaking radioac-
tive waste 11 into fragments when the end portion 2 of
the tube 1 is lowered to an accumulation of waste 11,
thus forcing the agitator towards the waste 11.

[0034] The radioactive waste 11 is collected in a stor-
age vault 13. The storage vault 13 includes a passage
15 allowing the tube 1 to pass through.

[0035] The reel unit 5 is located above the storage
vault 13. The reel unit 5 comprises a reel 17 for the
spooling of the tube 1. The reel includes a motor 19 and
a control unit (not shown) for the vertical and horizontal
positioning of the nozzle 3 relative to the surface of the
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waste 11.

[0036] The reel unit includes requisite connections
between the tube 1 and a hose 21, which in the opposite
end is connected to a cyclone unit 23 integrated in a
container unit 25. A lock 27 is interconnecting the cy-
clone unit 23 and a transport container 28 through a pipe
29. The cyclone unit 23 is by means of a hose 31 con-
nected to a vacuum pump (not shown).

[0037] In order to assure that no negative pressure
occurs in the storage vault 13, exhaust air from the vac-
uum pump can be directed back to the storage vault 13
through a return hose 33 and appurtenant connectors
(not shown).

[0038] The apparatus according to the invention is lo-
cated on or integrated in the structures 35 surrounding
the storage vault 13.

[0039] In order to avoid blocking, the internal bore of
the nozzle 3 exhibits smaller diameter and curvature ra-
dii than those of the consecutive tube and hose ele-
ments.

[0040] Fig. 4a and 4b exhibits an alternative embodi-
ment of the nozzle 3, the nozzle 3 comprising two sub-
stantially uniform nozzle sections 3a, 3b, each of which
upper portion is connected to a nozzle basement 3c in
a hinged manner. In an operative mode the nozzle sec-
tions 3a, 3b are interlocked by means of a locking device
(not shown) being releasable by means of remote con-
trol (not shown).

[0041] When the radioactive waste 11 is to be trans-
ferred from the storage vault 13 to a transport container
28, the tube 1 is lowered through the adapted passage
15 by means of the motor 19 of the reel unit 5 being
controlled by a control unit (not shown) till the nozzle is
located at correct level. The vacuum pump (not shown)
is activated, thus obtaining suction in the nozzle 3. The
waste 11 is sucked upwards through the tube 1 via the
hose 21 to the cyclone unit 23 where the waste 11 is
separated from the transportation air and further con-
veyed through the lock 27 and the pipe 29 to the trans-
port container 28.

[0042] Any negative pressure in the storage vault 13
is avoided by returning exhaust air from the vacuum
pump (not shown) to the storage vault 13 through the
hose 33 and the appurtenant connectors (not shown).
[0043] The nozzle 3 may be moved horizontally along
the entire area of the storage vault 13 by rotating the
nozzle 3 by means of the motor 4 and by bending and
moving the end portion 2 of the tube 1 in a desired di-
rection by means of the actuators (not shown) and the
cables 7a, 7b.

[0044] Ifthe waste 11 clogs the tube 1 and inhibits fur-
ther vacuum extraction, the agitator 9 can be activated
into motion while it bears against the waste, thus break-
ing the waste 11.

[0045] Upon blocking in the alternative embodiment
of the nozzle, as shown in figure 4a and 4b, the vacuum
pump is stopped; the hose is retracted from the surface
of the waste; and the locking device (not shown) is re-
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leased by means of the remote control, thus causing the
nozzle sections 3a, 3b to depart in a hinging manner
and liberating the stuck material 11, which falls from the
nozzle 3.

[0046] In enterprises dealing with radioactive waste,
one or more handling processes are normally required.
Due to health and environmental reasons, humans can-
not handle the material manually. The access to the stor-
age site of such materials also prevents manual han-
dling. The storage medium is to a large extent enclosed
in order to avoid contaminating radiation, and the ac-
cess takes place through small tubular passages.
[0047] The apparatus and the method according to
the invention make it possible to bring out the waste in
one single operation, which lead to less intervention by
the operator who is performing the process and assures
that equipment, which may be an object of mechanic
malfunction, are located outside the enclosure, thus of-
fering the staff access to the equipment for repair and
maintenance.

[0048] The apparatus may be supplemented by mis-
cellaneous types of tools to allow different operations to
be performed inside the storage vault, such as cutting
and removing large components for easier removal from
the vault.

Claims

1. Apparatus for moving radioactive waste (11) from a
storage vault (13) to another suitable container (28)
by means of a flowing fluid, a flexible tube (1) that
has been inserted in the storage vault (13) is con-
nected to a suction device capable of maintaining a
negative pressure in the tube (11), the suction de-
vice being located outside the storage vault (13),
characterized in that the tube (1) is provided with
a plurality of elongated manoeuvring devices (7a,
7b) surrounding the circumference of the tube (1)
and extending in the longitudinal direction of the
tube (1).

2. Apparatus in accordance with claim 1, character-
ized in that the tube (1) comprises a first set of ma-
noeuvring devices (7a) connected to a first actuator
located outside the storage vault (13), the set of ma-
noeuvring devices (7a) being arranged to curve a
lower portion (2) of the tube (1), the set of manoeu-
vring devices (7a) being attached close to the ex-
tremities of the lower tube portion's (2) longitudinal
extension.

3. Apparatus in accordance with claim 1, character-
ized in that the tube (1) comprises a second set of
manoeuvring devices (7b) connected to a second
actuator located outside the storage vault (13), the
set of manoeuvring devices (7b) being attached
close to the extremities of an arbitrary tube portion's
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10.

1.

12.

longitudinal extension, the random tube portion be-
ing suitable to be curved in a selected direction
away from a rectilinear form.

Apparatus in accordance with claim 1, character-
ized in that the tube (1) is provided with a plurality
of circumferential support rings (4a, 4b, 4c) at-
tached to the tube (1) along a substantial portion of
the length of the tube (1).

Apparatus in accordance with claim 2 or 3 in com-
bination with claim 4, characterized in that the ma-
noeuvring devices (7a, 7b) are conveyed through
recesses (4e) at the circumference of the support
rings (4a, 4b, 4c).

Apparatus in accordance with claim 1, character-
ized in that a lower portion (2) of the tube (1) com-
prises a nozzle (3), the nozzle (3) being pivotal
about the centre axis of the tube (1).

Apparatus in accordance with claim 6, character-
ized in that the cross sectional size and the curva-
ture radii of the nozzle's (3) bore are less than those
of the internal of the tube (1).

Apparatus in accordance with claim 6, character-
ized in that the nozzle (3) is provided with at least
two nozzle sections (3a, 3b), an upper portion of
which is interconnected in a hinged way and are ar-
ranged to be opened by remote control in order to
increase the internal passage cross section of the
nozzle (3).

Apparatus in accordance with claim 1, character-
ized in that the lower portion (2) of the tube (1) com-
prises an agitator (9) arranged adjacent the nozzle

(3).

Apparatus in accordance with claim 1, character-
ized in that the lower portion (2) of the tube (1) is
provided with one or more devices for cutting of the
radioactive material (11).

Apparatus in accordance with claim 1, character-
ized in that the lower portion (2) of the tube (1) is
provided with one or more video cameras for trans-
fer of pictures to a monitoring system located out-
side the storage vault (13).

Method of moving radioactive waste (11) from a
storage vault (13) to another suitable container (28)
by means of a flowing fluid, a flexible tube (1) being
provided with a plurality of manoeuvring devices
(7a, 7b) surrounding the circumference of the tube
(1) and extending in the longitudinal direction of the
tube (1), is connected to a suction device capable
of maintaining a negative pressure in the tube (11),
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14.
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the suction device being located outside the storage
vault (13), characterized in that

the tube (1) is inserted into the storage vault
(13) through a tube passage (15) by spooling the
tube (1) off a tube reel (17),

a nozzle (3) is moved to any location of the
surface of the radioactive material (11) by means of
the control of the tube reel (17), the first and second
actuators' movement of the manoeuvring devices
(7a, 7b) and the motor's (4) rotation of the nozzle
3),

a vacuum pump is sucking fluid and radioac-
tive material (11) into the tube (1) through the nozzle
(3),

the radioactive material (11) is separated in a
cyclone unit (23) and is locked off the fluid flow by
means of a lock (27), and

the radioactive material (11) is deposited in a
waste container (28).

Method in accordance with claim 12, characterized
in that the radioactive material (11) prior to being
sucked into the tube (1) is fragmented by actuating
the motion of an agitator (9).

Method in accordance with claim 12, characterized
in that the radioactive material prior to being
sucked into the tube (1) is cut by means of a tool
being integrated in the lower portion of the tube (1).
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