Device for renoving sea bed The invention relates to a device for renoving
sea bed having a conveying line operated according to the airlift nethod or
using feed punps, which is at least partially surrounded by sea water and
by which renoved sea bed can be transported in the conveying direction to
the surface. The "airlift nmethod" is understood as the known nethod for
transporting renoved sea bed; it provides a supply of conpressed air into
the bottom area of the conveying line. The air bubbles that rise on the

i nside of the conveying line create the effect of an upward fl ow on the
inside of the drilling |ine that transports renoved sea bed to a marine
unit above the water |ine. Davipafdr @waVingWearbexlich a conveyi ng appar at us
is enployed for transporting mneral raw materials, specifically mnganese
nodul es, for exanple, froma water depth of approximately 5, 000 m the
volume part of the material that is transported inside the conveying |line
can be up to 10% of the internal volume of the conveying line. The sane has
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sea bed copes to a standstill - irrespective of the reason - the sea bed
mat er I'51 SY5F i s i nside the conveying line sinks very quickly to the
bottom because it has a considerably higher density than sea water.
Assuming a water depth of 5,000 mand a volune fraction of renoved sea bed
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have tatdrdinabandoned fol |l owi ng such an interruption of t he conveyi ng

operation. A reason for such an interruption can be, in particular, a

failure of the transport of flow inside of the conveying line. Such a
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of the conveying line, which gradually increase until they create a
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"buffer,"” and transported fron1there via the conveying line to the marine
unit above the water | ine, defects on the submarine unit can also result in
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pi pe fromthe ocean surface down to the ocean floor and as a |ift pipe for
the transported material back up to the ocean surface. Pressurized water
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This object is achieved with the apparatus according to claim 1. The
conveying line of this device conprises an energency enptying neans by

whi ch renoved sea bed, which is transported counter to the conveying
direction, can be discharged fromthe conveying line and into the sea
water. This neasure helps to avoid the renoved sea bed, which is present

i nside the conveying line at the tinme of the interruption or the failure of
the transport flow, fromformng a plug of the kind as described in the
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di scharge in order to further reduce down-tines and any residual clogging
risk, a plurality of enmergency enptying openings are preferably provided
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enptyi ng opening. The sane can be displaced into the interior of t
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wat er via the conveying line to the marine unit above the water line, defects on the submarine unit
can also result in a failure of the transport of flow. Moreover, extreme environmental
events are conceivable as that have the propensity of causing an interruption in the

transport of flow.

DE 2008384 A discloses a dual pipe conveying facility that has an annular pipe line with
pipes that are routed as a sink pipe from the ocean surface down to the ocean floor and as
a lift pipe for the transported material back up to the ocean surface. Pressurized water
preferably circulates inside this annular pipe line as a transport fluid; wherein the
pressurized water is circulated by pumps. The conveyed material is fed into the annular
pipe line via a pressure lock on the ocean floor. The pressure of the pressurized fluid is
dimensioned such that the conveyed rhaterial that is fed into the annular line is raised inside

the lift pipe, all the way to the water surface.

It is therefore the object of the present invention to improve a device, as was described in
the introduction, in such a way that the clogging risk by the formation of a plug, as described
previously, accompanied by an interruption of operations or a failure of the transport of flow

is at least substantially reduced.



A piston/cylinder apparatus that can be operated by water-hydraulic neans
is preferably provided for actuating the displacenent of the energency
enptyi ng door between the open and the cl osed positions. The essenti al
advant age of a water-hydraulic actuation is the fact that it is
environnmental |y safe. Accordingly, if |eaks occur, they will not cause an
escape of hydraulic oil that could danage the environnent. Mbreover, it is
possible to omt a closed systemfor circulating hydraulic fluid

al t oget her, because, when pressure is to be relieved, the water is sinply
di scharged into the environnment and any return by way of a separate return
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oper at ed apparatus can therefore be conceived as having only a single,
central hydraulic supply for the totality of all piston/cylinder devices.
To avehd dbavEREg limeadPinis GRDick NeHRHSHgISCas WnfergBnéN@riyiRG -AXARA WY wAlchy
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wat er -hydraulic pressure”is 1n effect. 'S nmeans only one pressure
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al so include a closed water tank that is filled with conpressed air above

t he weeRfeYiNEe. To this end, it is possible to connect the tank to a
conpressor that nmaintains the internal pressure inside the tank at a preset
value. The hydraulic line that is preferably connected to a water reservoir
pr ef elrabhg pratdriedesmboflineant esfdthehdevices actardadg toy the gtveokion.atheeemehgencieck
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positions: Separation of the water reservoir fromthe hydraulic |ine by
means of a check val ve that opens against the water-hydraulic pressure
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can be manual ly actuated as well as - provided the correspondi ng sensors
are pisent - automatically actuated in the event of a failure, the
pressure that is applied by the water reservoir to the water in the
hydraulic |ine causes actuation of the piston/cylinder devices agai nst the
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typically sinks at 0.5 m/s following such a disruption of flow, the emergency emptying
openings would have to remain open in particularly preferred cases for 13 to 17 minutes to
ensure an almost complete evacuation of removed sea bed from the inside of the conveying

line.

In one preferred embodiment of the device according to the invention, an emergency
emptying door is provided on each emergency emptying opening. The same can be

displaced into the interior of the conveying line in such a manner that any removed sea bed



Separation of the water reservoir fromthe hydraulic Iine and sinultaneous
closing of the water reservoir as well as opening of the hydraulic line to
the environnment. The switching valve is brought in this position, when the
conveyi ng operation nmust be restarted after a disruption in the conveying
operation has been renedi ed, and/or after the material that is inside the
conveying line was discharged into the surrounding sea water by opening the

energency enptying openings. The invention will be described in further
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section; and Fig. 2 is a representation of the hydraulic diagram of an
embod@8it of the device accor di ng to the invention. The enbodi nent of a
device according to the invention, as depicted in the drawi ng, conprises a
conveying line 1, a section of which is shown in Fig. 1. Said line is
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positions, when no water-hydraulic pressure is in effect. This means only one pressure

application to the piston/cylinder devices is necessary, when the transport of flow inside the

conveying line comes to a halt due to a malfunction.

In a particularly preferred embodiment, the hydraulic line is connected to a water reservoir
that supplies the water-hydraulic pressure. The same can also include a closed water tank
that is filled with compressed air above the water level. To this end, it is possible to
connect the tank to a compressor that maintains the internal pressure inside the tank at a

preset value.

The hydraulic line that is preferably connected to a water reservoir preferably includes a free
end that is closed by a check valve. The check valve is disposed such that it opens against

the pressure that is present inside the hydraulic line. Using this hydraulic line, the



whi ch the energency enptying opening 5 is conpletely closed and the door is
substantially flush with the wall 6 of the conveying line 1, to an open
position, as depicted in Fig. 1, in which the door rests by the renpte edge
9 thereof relative to the hinge axis T internally against the wall 6 on the
side that is opposite the enmergency enptying opening 5, therein formng an
openi ng angle a of approximately 30 with opening plane. A
wat er - hydraul i cal |y powered piston/cylinder apparatus 10 is provided for
the p e engages
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perpeﬂﬂc@ularly fromthe surface of the enmergency enptying door 8 wth the
energency enptying door 8. The cylinder-side end of the piston/cylinder
apparatus 10 is fastened to a bearing projection 13, again on the exterior
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bet ween the piston rod 12 d the cylinder space 14. |t causes the piston
rod tHhabé anipporreette ing mowmr%tc@wqur@n t her eof , when the energency
enptying door 8 is flush with the wall 6, and thereby sealing the energency
enptyi ng opening 5, when no pressurized water is applied to the cylinder
space: | n $apanptisn of the water nesaevar gemdgneéwptayilingindchmmaansiepia chedk valvei g.
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that a typjgal sink rate of the renoved sea bed - as described previously -
is approximately 0.5 nmfisec, an accunul ati on of the sunken sea bed materi al
in the anbient area surrounding t he botton1end of the conveying line 1 can
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rod 12. The cylinder volunes are correspondingly fornmed by the annul ar
space that surrounds the piston rod. This configuration, that is reversed
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| esser cylinder volune filled with hydraulic fluid, such that, due to the
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possible to nmeasure the amount of the flowthough and the pressure that the
water is subject to within the hydraulic Iine 18. The water reservoir 20
conpr j t i ng
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23, aaglfdlomsnpressed air cushion is |n effect acting upon the sanme, whereby
the air cushion is generated with the aid of a high-pressure piston
conpressor 24 that is connected via the high-pressure air accunulator 25 to
the prrs3use Isthismedic - WpreBentatioh 8Pa KRWESTL@gich §Tghé REnVeyisd e around an
accunul ator." A pressure neasurenent instrunent 26 and a pressure relief

val ve 27 are activated in the supply line to the pressure tank 22. The
pressure line that runs between the hPgh-pressure piston conpressor and the
hi gh-pressure air accunulators is also provided with correspondi ng neans
28.



The water reservoir 20 further conprises a fresh water tank 29 from which
via a line, which is protected wwth the aid of a check val ve 30 agai nst
reflux, the high-pressure water punp 31 punps pressurized water into the
pressure tank 22 to achieve and/or maintain the desired filling level 23. A
bypass 32 is switched between the high-pressure water punp 31 and the
hydraulic line 18 that leads to the fresh water tank 32, which is connected
tothis line via a stop cock 33 and a pressure relief valve 34. If a

mal functio i r ' t [ o i.S.detected in the
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switching valve 19, actuated manually or via suitable sensors, which are

not shown in the present draw ng, and that nmeasures the transported fl ow
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line 18 is conneCted to the pressure tank 22. Due to the pressure increase,
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tank 22 is closed by the hydraulic line 18. The hydraulic line is open
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springs 1 t he "emergency enptying doors 8 are noved to the ¢ ition
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switching valve 19 is noved into the resting position | as depicted in Fig.
2, when the hydraulic Iine 18 is connected by a check val ve that opens
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wth a fresh water reservoir 29. The hydraulic line 18 includes an end 36
that i s2% pwebeligally indicated PRéheATPWohment. It is closed via a check val ve 37
t hat nmust be opened against the pressure that is present inside the
hydraulic Iine 18. List of reference nunerals 1Conveying |line 2lnside

di ameTeravgidrithatiae duEmsitige ntieneonsidysaagoarekenpme impacted at the lower end of the

conveying line 1 and form a plug, should the operation be interrupted due to a failure in the
transport of flow, emergency emptying means 4 are provided, respectively spaced at 500 m

intervals.

The functionality of these emergency emptying means shall be described in further detail
below in reference to Fig. 1,'which depicts said emergency emptying means in the activated

state.

In section B, which is where the emergency emptying opening 5 is located, the conveying
line has an approximately oval cross-section. Below the emergency emptying opening 5, a
bearing means 7 is provided on the outside of the wall 6 of the conveying line 1, where the
door of the emergency emptying means 8 is connected in an articulated manner and can be
pivoted about a hinge axis T that is arranged transversely relative to the longitudinal

extension L of the conveying line 1. Said door can be pivoted from a closed position, in



5Enmer gency enptying opening 6Vl |l 7Bearing neans 8Energency enptying door
9Edge 10Pi ston/cyl i nder apparatus lllLever 12Piston rod 13Bearing projection
14Cyl i nder chanber 15Conpression spring

which the emergency emptying opening 5 is completely closed and the door is substantially
flush with the wall 6 of the conveying line 1, to an open position, as depicted in Fig. 1, in
which the door rests by the remote edge 9 thereof relative to the hinge axis T internally
against the wall 6 on the side that is opposite the emergency emptying opening 5, therein

forming an opening angle a of approximately 30° with opening plane.

A water-hydraulically powered piston/cylinder apparatus 10 is provided for the pivot
actuation between the closed and the opened positions. It engages by the piston rod 12
thereof via a lever 11, which protrudes approximately perpendicularly from the surface of
the emergency emptying door 8, with the emergency emptying door 8. The cylinder-side
end of the piston/cylinde\r apparatus 10 is fastened to a bearing projection 13, again on the

exterior of the wall 6.

A compression spring 15 is disposed in the annular space between the piston rod 12 and
the cylinder space 14. It causes the piston rod to be supported in the retracted position
thereof, when the emergency emptying door 8 is flush with the wall 6, and thereby sealing
the emergency emptying opening 5, when no pressurized water is applied to the cylinder

space.

In the position of the emergency emptying door as depicted in Fig. 1, removed sea bed is
guided in the form of solid material particles 16, which are symbolized by the circles as
presently shown in Fig. 1, while sinking consequent to a malfunction or interruption of the
transport of flow within the meaning of the arrows P, and discharged toward the outside into
the surrounding environment of the conveying line 1. Due to the fact that a typical sink rate
of the removed sea bed - as described previously - is approximately 0.5 m/sec, an
accumulation of the sunken sea bed material in the ambient area surrounding the bottom
end of the conveying line 1 can be precluded, because even small ocean currents that are in
effect outside of the conveying line will cause the material to be distributed over a large

terrain.

The apparatus that is provided for the water-hydraulic actuation of the piston/cylinder
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apparatus 10 and the emergency emptying door 8 shall be described in further detail below

in reference to Fig. 2.

In Fig. 2, O designates the sea water surface. For actuation purposes, the cylinder
chambers 14' of the piston/cylinder devices 10 are connected to a hydraulics line 18 via the
supply lines 17. As can be seen in the schematic sectional representation in Fig. 2 of the
piston/cylinder devices 10, the compression spring 15 operates in an embodiment
according to Fig. 2 with an effect on the floor of the piston on a side that is opposite of the
piston rod 12. The cylinder volumes are correspondingly formed by the annular space that
surrounds the piston rod. This configuration, that is reversed in relation to the embodiment
according to Fig. 1, has the advantage of a lesser cylinder volume filled with hydraulic fluid,
such that, due to the return displacement of the pistons that is effected by the compression
springs 50 as well as for the displacement of the pistons due to the water-pneumatic
pressure, only smaller amounts of water must be transported, whereby it is possible to

reduce the actuation times.

The hydraulic line 18 is hydraulically connected to a water reservoir 20 by way of a switching
valve 19. A measurement means 21 is disposed between the switching valve 19 and the
water reservoir 20 by means of which it is possible to measure the amount of the

flow-though and the pressure that the water is subject to within the hydraulic line 18.

The water reservoir 20 comprises a pressure tank 22. Said tank is filled with water to a
filling level 23. A freely movable piston 38 is disposed above the filling level 23, and a
compressed air cushion is in effect acting upon the same, whereby the air cushion is
generated with the aid of a high-pressure piston compressor 24 that is connected via the
high-pressure air accumulator 25 to the pressure tank 22, which is also referred to as the
"piston accumulator." A pressure measurement instrument 26 and a pressure relief valve
27 are activated in the supply line to the pressure tank 22. The pressure line that runs -
between the high-pressure piston compressor and the high-pressure air accumulators is

also provided with corresponding means 28.



27Pressure relief valve 28Means 29Fresh water tank 30Check val ve
31Hi gh-pressure water punp 32Bypass 33Stop cock 34Pressure relief valve
35Energency switch 36End

The water reservoir 20 further comprises a fresh water tank 29 from which, via a line, which
is protected with the aid of a check valve 30 against reflux, the high-pressure water pump 31
pumps pressurized water into the pressure tank 22 to achieve and/or maintain the desired
filling level 23. A bypass 32 is switched between the high-pressure water pump 31 and the
hydraulic line 18 that leads to the fresh water tank 32, which is connected to this line via a

stop cock 33 and a pressure relief valve 34.

If a malfunction or interruption of the transport of flow is detected in the conveying line 1,
triggering an emergency switch 35 that engages the switching valve 19, actuated manually
or via suitable sensors, which are not shown in the present drawing, and that measures the
transported flow inside the conveying line 1 results in the switching valve 19 being moved
into the switching position lll. In this switching position, the hydraulic line 18 is connected
to the pressure tank 22. Due to the pressure increase, water flows into the cylinder
volumes 14 of the piston cylinder devices10 actuating the same against the effect of the
compression springs 15, thus causing the emergency emptying doors to open. Sinking
solid material particles are deflected laterally through the emergency emptying openings to

the outside, as described above.

To close the emergency emptying openings, employing suitable means, the switching valve
19 is moved into switching position 1l. In this position, the supply line from the pressure
tank 22 is closed by the hydraulic line 18. The hydraulic line is open toward the
environment and/or a fresh water reservoir, which can be a fresh water tank 29. Due to the
retractive forces generated by the compression springs 15, the emergency emptying doors
8 are moved to the closed position with the aid of the piston rods 12. After reaching said
position, the switching valve 19 is moved into the resting position | as depicted in Fig. 2,
when the hydraulic line 18 is connected by a check valve that opens against the

water-hydraulic pressure as provided by the water reservoir with a fresh water reservoir 29.

The hydraulic line 18 includes an end 36 that is free relative to the environment. It is closed
via a check valve 37 that must be opened against the pressure that is present inside the

hydraulic line 18.



37Check val ve aAngl e of opening FDirection of transport LLongitudi nal
extension Surface Arrows Arrow THinge axis Cains 1.A device for
removi ng sea bed,

List of reference numerals

Conveying line
Inside diameter

Internal

Emergency emptying means
Emergency emptying opening
Wall

Bearing means

o N OO g A WN =

Emergency emptying door
9 Edge

10 Piston/cylinder apparatus
11 Lever

12 Piston rod

13 Bearing projection
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having a conveying line (1) that is at |east partially surrounded by sea
wat er and through which renoved sea bed (16) can be transported to the
surface (0) in the conveying direction, characterized in that the conveying
line (1) conprises an energency enptying means (4) by which renoved sea bed
(16) noving counter to the conveying direction (S) can be discharged from
of the conveying line (1) into the sea water. The device according to claim
1, characterized in that the emergency enptying neans (4) conprises at
| east P8e enmiegesicy enptying opening (5), which can be optionally opened or
cl osed and t hrough which renoved sea bed (16) noving counter to the
convey?fg diFeshivekcan be laterally discharged fromthe conveying |ine
(1) ingg thecgesk Water. 3. The device according to claim2, characterized
inthat a plurality of emergency enptying openings (5) is provided,
preferably diigbayessurs whtetpumpted at regul ar intervals over the | ength of
the co Xeyin line (1). 4. The device according to claim3, characterized
in thaf“the bpBATSHgs are spaced every 200 mto 700 m preferably 400 mto
500 m 38. Thétatesdake according to any one of the clains 2 to 4,
char ac grizeg“;%uhpﬂ%eﬁvgbgplaceable energency enptying door (8) is
provid at e4ch ener gency enptyi ng opening (5) for opening the sane toward
t he i n8&ri or Eofergbrecycamitadyi ng | i ne, such that renoved sea bed (16) noving
counteﬁ to LEE conveying direction can be discharged by the action of the
ener ge By e ging door (8) though said energency opening (5) into the sea
wat er. 376. Theedevialge according to claimb5, characterized in that a
wat er - hydraul i cal |y actuated piston/cylinder apparatus (10) is provided for
di spl aci ng the energency enptying door (8).

a Angle of opening

Direction of transport
Longitudinal extension

Surface

Arrows

Arrow

- w v O r

Hinge axis
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7. The device according to claim®6, characterized in that the

pi ston/cylinder apparatus (10) is spring-loaded such that it effects the

cl osed position of the enmergency enptying door (8), when no water-hydraulic
pressure is applied. 8. The device according to claim6 or 7, characterized
in that a water reservoir (20) is envisioned that provides the

wat er - hydraul i c pressure. 9. The device according to claim8, characterized
in that the water reservoir (20) conprises a hydraulic line (18) with
preferably one free end that is sealed by a check valve (37) connecting the
pi st onggyhs nder apparatus (10) for the purpose of actuating the sanme

agai nst the force of the spring. 10. The device according to claim9,
characterized in that a switching valve (19) is provided between the water
reservbir (Rdpvieadortremndvirdysed bed,l i ne (18) that causes the activation of

the follow ng.switching states: Separation of the water reservojr 0) from
the hydr aulfeng heopueynd Bl teatdh akeanCortio Sre R HERE Yae A0 1 he
wat er - hydr aHtdughRiIRES HrBodsd $8Piédlemh) ¥n baaratberted &5 BleVQirface O iregel on of
the water reservoir (20) with the hydraulic line (18); Separation of the

wat er reserSiveYipgelreetiim t he hydraulic line (18) and closing the water
reservoi r (4ractiii2bg! | as opening of the hydraulic line (18) to the
surroundi ng environnment.

in that the conveying line (1) comprises an emergency emptying means (4) by

which removed sea bed (16) moving counter to the conveying direction (S) can

be discharged from of the conveying line (1) into the sea water.

2. The device according to claim 1, characterized in that the emergency emptying
means (4) comprises at least one emergency emptying opening (5), which can be
optionally opened or closed and through which removed sea bed (16) moving
counter to the conveying direction (F) can be laterally discharged from the

conveying line (1) into the sea water.

3. The device according to claim 2, characterized in that a plurality of emergency
emptying openings (5) is provided, preferably disposed as distributed at regular

intervals over the length of the conveying line (1).

4, The device according to claim 3, characterized in that the openings are spaced
every 200 m to 700 m, preferably 400 m to 500 m.

5. The device according to any one of the claims 2 to 4, characterized in that a
displaceable emergency emptying door (8) is provided at each emergency
emptying opening (5) for opening the same toward the interior of the conveying
line, such that removed sea bed (16) moving counter to the conveying direction
can be discharged by the action of the emergency emptying door (8) though said

emergency opening (5) into the sea water.

12



10.

The device according to claim 5, characterized in that a water-hydraulically
actuated piston/cylinder apparatus (10) is provided for displacing the emergency

emptying door (8).

The device according to claim 6, characterized in that the piston/cylinder
apparatus (10) is spring-loaded such that it effects the closed position of the

emergency emptying door (8), when no water-hydraulic pressure is applied.

The device according to claim 6 or 7, characterized in that a water reservoir (20)

is envisioned that provides the water-hydraulic pressure.

The device according to claim 8, characterized in that the water reservoir (20)
comprises a hydraulic line (18) with preferably one free end that is sealed by a
check valve (37) connecting the piston/cylinder apparatus (10) for the purpose of

actuating the same against the force of the spring.

The device according to claim 9, characterized in that a switching valve (19) is
provided between the water reservoir (20) and the hydraulic line (18) that causes

the activation of the following switching states:

- Separation of the water reservoir (20) from the hydraulic line (18) by
means of a check valve that opens against the water-hydraulic pressure
as provided by the water reservoir;

- Connection of the water reservoir (20) with the hydraulic line (18);

- Separation of the water reservoir (20) from the hydraulic line (18) and

closing the water reservoir (20), as well as opening of the hydraulic line

(18) to the surrounding environment.

13



