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(54) Method and device for removing material from the seabed

(57)  Method and device for removing material, such
as sediment containing diamond or other minerals, from
the seabed. A device which is movable over the seabed
and can be controlled from the sea surface is proposed
for this purpose. This device comprises a frame pro-
vided with movement means, and an articulated arm
provided near the free end with a suction nozzle is also

zle situated near the free end of the arm is used to take
material from the seabed to the sea surface and carry
out separation there. The method is realised such that
the horizontal surface is explored according to a prede-
termined pattern, whilst the vertical position of the suc-
tion nozzle is controlled by proximity sensors. A
predetermined surface is preferably explored a number

fitted on the frame. Various positions of the seabed can of times.
be explored by means of the arm, and the suction noz-
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Description

The present invention relates to a method accord-
ing to the preamble of claim 1.

Such a device is particularly, but not exclusively,
intended for diamond extraction. Diamonds deposited in
earlier times occur on certain rock formations lying
below the sea surface. A layer of sediment is often
present on top of them. If that layer of sediment is rela-
tively thick and/or the rocky bed lies at relatively great
depth, in practice it is almost impossible to examine
such a seabed for the presence of diamonds, and then
to extract those diamonds, in any way other than by
mechanical means.

A number of methods for extracting diamonds are
proposed in the prior art. One method comprises mov-
ing drilling gear over the seabed. This drilling gear pro-
duces in succession a large number of holes, and while
a hole is being drilled the material being removed in the
process is taken to the sea surface, where it is sepa-
rated into waste material and diamonds. In this way, a
certain part of the seabed is provided with a large
number of holes. It will be understood that such a
method is extremely time-consuming and expensive.
Besides, the depth to which drilling can be carried out in
relatively soft sediment is limited, because the hole
which has just been drilled caves in again immediately
after the drill. This drilling is carried out with a drill of rel-
atively large diameter, in order to keep the number of
bores limited. This means that drilling is not necessarily
carried out in the sediment alone, but also in part of the
rock bed, for this rock bed has elevations and troughs,
and pieces of diamond often lie in those troughs. This
makes it necessary to drill through the hard rock mate-
rial.

From the French patent specification 1,553,816 a
method is known for removing large quantities of mate-
rial from the seabed. To that end a carter pillar vehicle is
lowered on the seabd to the frame of which an arm is
projected being connected with cutting means to which
withdrawal means connect and the material found is dis-
placed through a hose to a vessel being at the sea sur-
face. This device is intended for the removal of complete
layers with considerable thickness. The material is sub-
stantially from one level, i.e. after processing a flat sur-
face remains.

During mining of diamonds and the like on the bed
often very hard layers are present and it is particularly
time consuming to process such hard layers.

Because of that the subject invention aims to fur-
ther improve the method described such that the bed
material is selectively processed.

This aim is realised with the characterising features
of claim 1.

The invention is based on the idea to explore the
bed in a systematic way step by step and position by
position. |.e. the process of removing the sediment layer
with possible diamonds is effected as much as possible
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from the sea bed. The arm fixed to the vessel can carry
out a multiplicity of movements depending on the type of
sediment which is encountered. If a relatively hard bed
is encountered, a large number of openings can be
made in the sediment layer by "pricking” in a manner
which corresponds to what has been described above.
If the sediment layer is softer, the arm can systemati-
cally explore a part of the seabed by swivelling and
moving to and fro.

For a soft seabed it is not necessary to take further
measures for moving material into the suction nozzle.
Using an airlift system or a dredger pump for example, it
is possible to introduce material near the suction nozzle
into the suction nozzle and convey it to the water sur-
face.

The horizontal movement over a certain part of the
seabed can be determined by a control system which is
present in the device according to the invention and/or
in the vessel on the sea surface. The way in which a cer-
tain area is explored can also be decided there. The
movement in the vertical direction is preferably deter-
mined by the presence of proximity sensors near the
suction nozzle fitted on the free end of the arm. These
proximity sensors can comprise pressure sensors by
means of which the arm is taken down so far with the
suction nozzle that this suction nozzle just touches the
rock bed. It is possible to store the vertical coordinate of
such a movement in a memory depending on the hori-
zontal position. This is important if, according to an
advantageous embodiment of the invention, the seabed
is being explored in two steps. During a first operation
the first, major part of the material is removed roughly.
The actual "cleaning” of the seabed, where the rela-
tively heavy diamonds are sucked up, is carried outin a
second operation. This second operation can be carried
out relatively quickly because values relating to the ver-
tical position of the suction nozzle are present in the
memory, so that the arm can be manoeuvred at rela-
tively high speed. This further operation, i.e. the clean-
ing, can be carried out during the movement of the
frame to a subsequent position. It is also possible to
carry out this operation if this movement has already
been carried out, or during the preparation of such a
movement. The latter applies in particular if forward
movement is achieved by means of legs. The use of
legs is preferable because, compared with caterpillars,
relatively large obstacles can be negotiated with them,
and accurate positioning of the frame is possible. When
a step is being carried out, the frame will first be placed
on the seabed, the legs will move at some distance from
the seabed, and will subsequently push up the device
again and carry out the appropriate movement of the
frame.

The invention also relates to a device for realising
the method as described above. This device comprises
a frame provided with conveyor means for moving over
the seabed and also provided with an arm, said arm
being provided at the free end with a suction nozzle
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which is connected by way of a line to a vessel situated
on the sea surface, said arm being embodied or fixed to
the frame respectively in such a way that the suction
nozzle can move in three directions relative to the
frame, wherein near the extremity of the suction nozzle
proximity sensors are provided, being connected to a
control, said control controlling the movement of said
arm and comprising first means for exploring a horizon-
tal surface of a predetermined area of the seabed by the
suction arm through a predetermined pattern, and sec-
ond means for displacing said frame over the seabed
after exploring said area.

Such a device functions satisfactory at a relatively
soft bottom. However, if the material becomes harder, it
is necessary to fit material-loosening means. Such
means for loosening rocky parts or hard sediment layers
are generally known in the prior art. Examples are jet
systems and cutter systems. With the construction
according to the invention, it is no longer necessary to
break away the original rock material, for the arm
according to the present invention can follow the rock
bed in an accurately controlled manner. In other words,
depressions in the seabed in which diamond material
can collect can be reached without adjacent elevations
having to be removed, as in the prior art.

In order to be able to position the arm in the opti-
mum manner, said arm in an advantageous embodi-
ment is fitted in such a way that in the operating position
it swings both in the horizontal plane and in the vertical
plane relative to the frame. The lines which are situated
in the arm and are connected to the suction nozzle
and/or which provide the jets can be connected to the
frame of the device, and from the latter to the water sur-
face, insofar as this is necessary, by means of any hinge
means known in the prior art, such as swivels. It will be
understood that the power supply preferably also comes
from a vessel situated on the water surface. The arm
can be controlled by, for example, hydraulic cylinders.
According to an advantageous embodiment, the arm
consists of at least two arm parts which are hingedly
connected to each other, and the hinge pin of which is
essentially horizontal when in the operating position.

The invention will be explained in greater detail
below with reference to an exemplary embodiment illus-
trated in the drawing, in which:

Fig. 1 shows diagrammatically in side view the
device according to the invention connected to a
vessel situated on the water surface;

Fig. 2 shows diagrammatically in side view the
device according to the invention in detail;

Fig. 3 shows diagrammatically in top view the
device according to the invention;

Fig. 4 shows a first example of the use of the device
according to the invention;

Fig. 5 shows a second example of the use of the
device according to the invention; and

Fig. 6 shows movement of the device over an
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obstacle.

Fig. 1 indicates by 1 a vessel situated on the sea
surface. This vessel is provided with all constructions
which are necessary for making the device 2 opera-
tional. Only control system 9 is shown. However, it
should be understood that an electric generator will be
situated on the vessel, by means of which energy is
supplied through line 4. In addition, a mechanism for
processing material coming from hose 3 is present. A
lifting device for operating lifting line 5 is also present.

Device 2 is installed in sea 6 and lies on bed 7.

Further details of device 2 can be seen in Figs. 2
and 3. The device consists of a frame 11 to which the
various parts are attached. A control system 8 (Fig. 1),
interacting with the control system 9 present on the ves-
sel 1, is present. Frame 11 is provided with four legs 12,
each consisting of two leg parts 13, 14 respectively. A
support 15 is attached to the underside of each leg part.
All these parts are hingedly connected to each other.
Leg part 13 is operated by means of hydraulic cylinder
16, and leg part 14 is operated by means of hydraulic
cylinder 17. These cylinders are shown only diagram-
matically and for a single leg, but it should be under-
stood that cylinders 16 and 17 are always present for
each pair. An arm part 33 is fitted on frame 11. Arm part
33 can pivot in the horizontal plane by means of hinges
18, while it can be seen from Fig. 3 that movement in
the vertical plane is possible by means of hinges 20. It
can also be seen from Fig. 3 that lines 27 and 28, which
are connected to the frame by means of swivels 19 and
25, are present. Line 3, which is connected to line 27, is
fixed by means of a hose feed device in the frame, and
is connected there to a dredger pump 36. It is possible
to omit this dredger pump 36 and to bring material to the
sea surface through lines 27 and 3 by means of an airlift
system. A jet system is present, and water is supplied
through line 28. Line 28 is connected by means of a flex-
ible hose 29 to the arm part 34. The line in arm part 34
opens out in jet nozzles 30 near the free end of arm part
34. Arm part 34 is connected by means of hinge 21 to
arm part 33, and the control thereof is achieved by cyl-
inder 22.

The movement of arm part 33 in the vertical plane
relative to the frame 11 is controlled by cylinder 23.
Movement in the horizontal plane is controlled by cylin-
ders 24. Near the free end of arm part 33 there is also a
suction nozzle 31, which is connected to line 27. Two
proximity sensors 35, and more particularly pressure
sensors, are also present.

It can be seen from Fig. 2 that the supports 15 of
the legs are situated on a part of the seabed which has
not been worked. So much material has been removed
by means of the suction nozzle 31 that a recessed part
of the seabed, indicated by 10, has been produced as a
result. There may be diamond in the extracted material.

With the construction described above, it is possi-
ble to carry out various operations, and it is also possi-
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ble to carry out the operations repeatedly. For the latter,
a memory which stores the depth position of arm part
34 relative to the device depending on the horizontal
position thereof is present in at least one of the control
systems. This means that during repeated exploration
of a particular surface region a relatively rapid lowering
of the arm 34 can be achieved. Positioning of the free
end of arm 34 can be achieved either by pivoting arm
part 33 relative to frame 11 or by pivoting arm part 34
relative to arm part 33.

With the device described above, it is possible, for
example, to combine an up and down movement of arm
part 34 with a swivelling movement of arm part 33 in the
horizontal plane during a first phase in the removal of
the largest amount of sediment. During a second phase,
in which the residual cleaning of the rock surface is car-
ried out, a combination of forward/backward movement
of arm 34 and swivelling of arm 33 can be carried out.
Since the depth position of the suction nozzle is approx-
imately known, there is no danger during the for-
ward/backward movement of arm 34, i.e. the pivoting
about point 21, that suction nozzle 31 will accidentally
touch rock material and consequently be damaged. It
will be understood that all this greatly depends on the
local conditions.

The construction described above, with legs whose
various positions will be explained in greater detail with
reference to Figs. 4 - 6, is preferred to caterpillars for
various reasons. First, caterpillars are heavier and are
less reliable, due to the larger number of parts. Besides,
there is a problem in controlling systems with caterpil-
lars, especially in soft ground, while special measures
have to be taken to position the frame in the vertical
direction relative to such caterpillars, which again incurs
further expense. There is also a problem with the initial
installation of device 2 on the seabed, for when the
device is being lowered by means of cable 5 from vessel
1 in heavy swell there is a great risk of damage when
the device first touches the seabed as the vessel moves
down through the swell. Such damage is extremely sim-
ple to prevent by means of the abovementioned legs. Of
course, further measures can be taken to provide for a
soft landing of device 2, such measures being generally
known in the prior art.

A first example of the movement of the device over
the seabed will be described with reference to Fig. 4. It
is assumed here that the movement is over a relatively
stable bed. In the position shown in Fig. 4a the first
removal of a large quantity of material (dredging) is
being carried out. In this case arm 34 is moved up and
down, and arm 33 carries out a swivelling movement.
Fig. 4b shows the movement of frame 11 relative to the
legs 12 in the vertical direction to the right. At the end of
such a stroke, the frame 11 is placed on the bed, as
appears from Figs. 4¢ and 4d. During this operation it is
possible to explore the bed again, i.e. to remove the
remaining material from it, by pivoting arm part 34 rela-
tive to arm part 33. When the device is lying on the sea-
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bed, as shown in Figs. 4c and 4d, the legs 12 can be
moved further to the right, and the "dredging operation”
can be continued.

Fig. 5 shows the course of the movement in a case
where the bed is particularly soft. In such a case the
device will dredge an opening around itself and will itself
come to rest on the hard rock bed, as shown in Fig. 5a.
The relatively soft material can be removed easily here
by pivoting arm part 34 relative to arm part 33, as can
be seen from Fig. 5b. The effective range can be
increased by moving frame 11 relative to the legs 12.
After the full movement stroke has been used, the
device can be moved, as can be seen from Figs. 5¢-d,
while at the same time the cleaning action for remaining
material described above is carried out. Fig. 5e shows
the situation in which the dredging is continued.

Fig. 6 shows the situation when an obstacle such
as a boulder 37 is encountered. Fig. 6 relates to a soft
bed, but can, of course, also be applied in the case of a
load-bearing bed. It can be seen from Figs. 6¢ and 6d
that, through the use of the legs, the device can be
moved in a relatively simple manner past or over obsta-
cle 37, without encountering any hindrance from that
obstacle.

Although the invention is described above with ref-
erence to a preferred embodiment, designed in particu-
lar for diamond extraction, it must be understood that
numerous modifications can be made thereto without
going beyond the scope of the present application. For
example, it is possible to extract other relatively pre-
cious materials with the device. Instead of the nozzles
30, it is equally possible to fit cutting devices or any
other constructions known in the prior art for the
removal of material. The proximity sensors can be in the
form of load cells, but they can also be designed as opti-
cal means. These and further variants are all consid-
ered to lie within the scope of the present claims.

Claims

1. Method for removing material from the seabed,
comprising placing on the seabed a device which
has a frame provided with conveyor means and an
arm which is swivellably attached thereto, said arm
being at the free end connected to a suction nozzle
which is movable in three directions relative to the
frame and is connected by a line to a vessel situ-
ated on the surface, said nozzle being provided with
proximity sensors, characterised in that said hori-
zontal face is explored by the arm according to a
predetermined pattern, and the vertical position of
the suction nozzle is determined by a control sys-
tem connected to the proximity sensors, and after
the exploration of a particular region the frame is
moved relative to the seabed, and a following
region is explored.

2. Method according to Claim 1, wherein the vertical
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position of the suction nozzle is stored in a memory
depending on the horizontal position, and a second
exploration is carried out on the same positions
after a first exploration, while during said second
exploration data for the vertical position of the suc- 5
tion nozzle is taken from said memory.

Method according to Claim 2, in which a (prepara-
tory) part of the movement of the frame is carried
out during the second exploration. 10

Device (2) for removing material from the seabed,
comprising a frame (11) provided with conveyor
means for moving over the seabed, and also pro-
vided with an arm, said arm being provided at the 15
free end with a suction nozzle (31) which is con-
nected by way of a line (3, 27) to a vessel (1) situ-
ated on the sea surface, said arm being embodied
or fixed to the frame respectively in such a way, that
the suction nozzle can move in three directions rel- 20
ative to the frame, wherein near the extremity of the
suction nozzle proximity sensors (35) are provided,
being connected to a control, said control (8,9) con-
trolling the vertical movement of said arm and com-
prising first means for exploring a horizontal surface 25
of a determined area of the seabed by the struction
arm through a predetermined pattern, and second
means for displacing said frame over the seabed
after exploring said area.

30
Device according to Claim 4, wherein the suction
nozzle is provided with material-loosening means
(30).

Device according to one of the claims 4 or 5, 35
wherein said arm is fitted in such a way that in the
operating position it swings both in the horizontal
plane and in the vertical plane relative to the frame.

Device according to one of claims 4-6, wherein said 40
arm comprises at least two arm parts (33, 34)
which are hingedly connected to each other, and
the hinge pin (21) of which is essentially horizontal
when in the operating position.

45
Device according to Claim 7, comprising a memory
for storing the positions of the suction nozzle.

Device according to one of the claims 4-8, in which

said conveyor means comprise at least three legs 50
which are movable relative to the frame.
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