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Description

[0001] The present disclosure relates to an apparatus
for removing material from a floor of a body of water, or
separating material, for example, nodules from other ma-
terials, for example, sediment, and in particular seabed
sediment.

[0002] Nodules of material including minerals and rare
metals form on the seabed in significant depths of water.
It is known to mine such material by means of a mining
apparatus which rests on the seabed and is supplied with
electrical power from a surface vessel via an umbilical
cable, wherein the apparatus is connected to a conduit
known as a jumper hose, via which the nodular material
can be pumped to the surface vessel by means of a riser
pump, or other means.

[0003] Known apparatus of this type suffers from a
number of drawbacks. Firstly, manipulators or remotely
operated vehicles (ROVs) are required to assist in con-
necting the apparatus to the jumper hose. Also, because
the weight of the apparatus as it is lowered from the sur-
face vessel to the seabed and raised from the seabed is
supported by the umbilical cable, significant mechanical
strengthening of the umbilical cable is necessary. The
mechanical reinforcement necessary for the umbilical ca-
ble generally has poor heat conducting properties, as a
result of which the umbilical cable insulation heats up,
which in turn limits the electrical power which can be sup-
plied to the apparatus. In addition, the catenary curve of
the reinforced umbilical cable is similar to that of the jump-
er hose used to transport the nodular material to the sur-
face, as a result of which there is a risk of collision be-
tween the umbilical cable and a conduit during operation
of the apparatus. A further disadvantage of known such
apparatus is the difficulty of operation of the apparatus
in very soft ground.

[0004] Preferred embodiments of the present disclo-
sure seek to overcome one or more of the above disad-
vantages.

[0005] According to an aspect of the present invention
there is provided an apparatus for removing nodular ma-
terial from a floor of a body of water, the apparatus com-
prising: moving means for moving the apparatus relative
to a floor of a body of water; material removing means
for removing nodular material from the floor of the body
of water, wherein the material removing means compris-
es at least one inlet and floor engaging means for en-
gaging the floor of the body of water, wherein the floor
engaging means comprises a plurality of protrusions.
[0006] Aptly the protrusions will be longer than wide
with the longer length, the longitudinal axis orientation,
protruding, outwards from the apparatus, in the direction
of travel. In this way the protrusions may act as a sieve.
The protrusions will be spaced apart, for example,
spaced apartin the range of 1 centimetre to 3 centimetres
from each other. Aptly spaced apart along the longitudi-
nal length or a portion of the longitudinal length of the
plurality of protrusions. The nodular material tends to be
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in clumps, nodules, aptly wider in largest diameter than
the spacing between the protrusions of the invention.
Therefore the protrusions when engaged with the floor
of the body of water, moved through the floor of the body
of water, nodules, or nodule material in clumps of the
usual size found, are separated from the non-nodular
material. Non-nodular material, for example, sediment,
may fall off the sides of the protrusions, for example
through the space between the plurality of protrusions.
The protrusions may be pointed in some embodiments
to aid travelling through the floor of the body of water. In
this way during use the plurality of protrusions lift up the
nodules away from sediment of the floor of the body of
water.

[0007] In some embodiments the plurality of protru-
sions are adapted to be arranged forwards of at least one
said inlet in a direction of travel of the apparatus and to
extend substantially in a direction of travel of the appa-
ratus.

[0008] In some embodiments the material removing
means comprises at least one surface inclined in use
relative to the floor of the body of water. The at least one
surface inclined in use relative to the floor of the body of
water may in some embodiments comprise a flat surface
that is orientated at an incline. In some embodiments the
inclined surface may comprise a wedge shaped structure
that comprises a flat bottom surface horizontal with the
floor of the body of water and an upper surface that is
inclined relative to the floor of the body of water, inclined
in direction from the direction of travel. In other words the
thinner part of the wedge shape structure is at the direc-
tion of travel end and the thicker part of the wedge shaped
structure is at the opposition end. In some embodiments
the material removing means, or tines, are configured to
be inclined. In some embodiments the material removing
means, or tines, are configured to comprise an upper
surface that is inclined. The upper surface here men-
tioned is when in use relative to the floor of the body of
waterthatthe uppersurface is opposite the surface facing
the floor of the body of water. In some embodiments the
inclined surface is the upper surface of one or more of:
the tines; the separator; or material removing mean.
[0009] In some embodiments there is not an inclined
surface. In some embodiments the tines are raised when
a nodule is located on the tine, letting the non-nodular
material fall away.

[0010] In some embodiments the at least one surface
inclined in use relative to the floor of the body of water,
inclines in the direction away from the direction of travel.
[0011] In some embodiments the at least one surface
inclined in use relative to the floor of the body of water,
inclines in direction towards at least one inlet. Ideally the
nodular material when on the separator, material remov-
ing means or tines is moved towards an inlet of the ap-
paratus. The inlets are useful for collecting and subse-
quently storing or transporting the nodular material. In
some embodiments the inlets are configured to be in use
orientated or positioned above the separator or material
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removing means and may comprise a suction system
and conduit to transport nodules. In some embodiments
the inlets may comprise an aperture to a conduit. In some
embodiment the nodules may enter the inlet by gravity.
[0012] In some embodiments the at least one surface
inclined in use relative to the floor of the body of water
comprises the plurality of protrusions adapted to be ar-
ranged forwards of at least one said inlet in a direction
of travel of the apparatus and to extend substantially in
a direction of travel of the apparatus.

[0013] In some embodiments the material removing
means comprises a separator. In some embodiments the
material removing means is a separator. The separator
or material removing means may comprise the floor en-
gaging means.

[0014] In some embodiments the separator, or mate-
rial removing means, comprises at least one aperture
therethrough for enabling non-nodular material to pass
therethrough and preventing said nodular material from
passing therethrough. This allows the relatively larger
nodular material, or nodules, to be retained on the surface
of the separator, to subsequently be moved to the inlets,
while allowing the relatively smaller non-nodular materi-
al, for example, sediment, to pass through the apertures.
[0015] In some embodiments at least one of the plu-
rality of protrusions comprise at least one notch on the
upper surface of the said at least one of the plurality of
protrusions. The upper surface is the upper surface when
in use, the opposite side or surface to the side nearest
to, or facing the floor of the body of water.

[0016] In some embodiments the notch is a groove or
channel. In some embodiments the notch is a groove or
channel across the longitudinal axis of one or more of
the plurality of protrusions or tines.

[0017] In some embodiments at least one of the plu-
rality of protrusions comprise more than one notch. In
some embodiments every protrusion of the plurality of
protrusions comprise at least one notch. In specific em-
bodiments each protrusion of the plurality of protrusions
comprise more than one notch. Aptly most, all or nearly
all protrusions of the plurality of protrusions, or tines will
have more than one notch. The notches aid preventing
the nodules rolling or sliding off the plurality of protrusions
thus aid transport of the nodules to the inlets, therefore
the more the better.

[0018] In some embodiments the at least one surface
inclined in use relative to the floor of the body of water,
comprises at least one notch on the upper surface of the
at least one surface inclined relative to the floor of the
body of water.

[0019] In some embodiments the at least one notch
comprises a vertical side or edge. In some embodiments
the at least one notch comprises a vertical side or edge,
when in use. In some embodiments the notch is config-
ured that in use comprises a vertical side or edge. In use
the separator may be orientated that the notch comprises
an edge, or side, that is vertical relative to the floor of the
body of water. Having an edge, or side, of the notch that
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is vertical aids prevention of the nodular material rolling,
or sliding down the surface of the separator. The vertical
edge, or side, may form a lip that aids prevention of the
nodular material or nodules sliding or rolling off the sep-
arator; tines or plurality of protrusions of the separator.
In some embodiments the notch is configured to form a
lip to hinder in one direction, items from sliding or rolling
beyond the notch.

[0020] In some embodiments the at least one notch
comprises an inclined surface, inclined moving away
from the direction of travel. In some embodiments the at
least one notch comprises an inclined surface relative to
the floor of the body of water in use, inclined moving away
from the direction of travel. In some embodiment the
notch is configured that in use comprises an inclined sur-
face relative to the floor of the body of water. In some
embodiment the notch is configured that in use compris-
es an inclined surface relative to the floor of the body of
water, that inclines away from the direction of travel.
[0021] In some embodiments the at least one notch is
V shaped from a cross-sectional view. The cross-sec-
tional view here referred to is the cross-sectional view
across the longitudinal axis of the protrusion or tine. The
V shape aids preventing the nodular material, or nodule,
from falling off the separator; or protrusion or tine of the
separator.

[0022] In some embodiments the sides of the at least
one notch do not protrude above the surface of the plu-
rality of protrusions, or tines or separator.

[0023] In some embodiments the at least one notch is
configured to hinder sliding or rolling of an object partially
located within the notch, in one direction but not in the
opposition direction.

[0024] Insome embodiments the notch comprises two
sides wherein the side nearest the direction of travel of
the apparatus is vertical.

[0025] Insome embodiments the notch comprises two
sides wherein the side nearest the direction of travel of
the apparatus is configured to form an abutment. There-
fore aiding prevention of items partially contained in the
nodule from rolling or sliding beyond the notch in the di-
rection of travel of the apparatus.

[0026] Insomeembodimentsthe notch extends across
the longitudinal axis of the upper surface of at least one
plurality of protrusions. Again this may aid preventing the
nodular material, or nodule, from falling off the separator;
or protrusion or tine of the separator. In some embodi-
ments the notch extends across at least a portion across
the width of the protrusion. The width being the shorter
across dimension of the protrusion with the longer diam-
eter of the protrusion being the length.

[0027] In specific embodiments the notch will extend
across the entire width of the protrusion, of the plurality
of protrusions, or tine.

[0028] The notches may assist nodules, or the like, to
travel along the tines, separator or plurality of protrusions
inthe direction away from the direction of travel but hinder
the travel of nodules in the same direction as that of the
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direction of travel of the apparatus. The configuration of
the notches assist this advantage.

[0029] In some embodiments the at least one of the
plurality of protrusions comprise a plurality of notches.
Having a plurality of notches increases the aid of pre-
venting the nodular material, or nodule, from rolling, slid-
ing or falling off the separator; or protrusion or tine of the
separator.

[0030] In some embodiments the floor engaging
means of the separator comprising a plurality of protru-
sions, comprise tines. Herein, the term plurality of pro-
trusions and tines are equivalents, and are used inter-
changeably.

[0031] Insome embodiments the tines are held togeth-
er at a surface of the tines that is opposite the surface
facing the direction of travel. Aptly the tines act as a fork
or sieve to enable raising or separating of the relatively
larger nodules, of nodular material from the relatively
smaller non-nodular material, for example sediment of
the floor of the body of water.

[0032] In some embodiments the at least one inlet
comprises an inlet in fluid communication with a contain-
er, or in fluid communication with a container via a conduit
wherein the conduit is in communication with a container.
Inlets suitable with the present invention are further de-
scribed below.

[0033] In some embodiments the apparatus further
comprises a water jet or water pump or waterjet system.
In some embodiments the waterjet comprises at least
one conduit.

[0034] In some embodiments the water jet may have
a pump located on or within, or in communication with,
the apparatus, or vehicle. In some embodiments the
pump of the water jet is configured to pump water via a
conduit to the general location of the separator. In some
embodiments the water jet is configured to pump water
towards at least one inlet. In some embodiments the wa-
ter jet is configured to pump water towards a notch. In
some embodiments the water jet is configured to pump
watertowards atleastonetine inalso a direction opposite
the direction of travel. In particular embodiments, the
pump and conduits are configured to pump water to the
inclined surface or the separator, or the plurality of pro-
trusions, or the tines, or any combination thereof: sepa-
rator, protrusions, inclines surface or tines. The conduits
ofthe water jets may comprise a "U" shaped configuration
in part. This may aid directing the water from the water
jet. Aptly the water jet comprises at least one outlet
through which the water is expelled. Aptly the water jet
will use the water surrounding the apparatus of the body
of water however the apparatus may comprise a source
of water or other fluid.

[0035] In some embodiments the water jet comprises
at least one outlet. In specific embodiments the water jet
may comprise outlets at one or more of the plurality of
protrusions or tines.

[0036] In some embodiments at least one outlet of the
water jet is directed towards an inlet of the apparatus. In
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some embodiments at least one of the outlet of the water
jet is directed in the opposition direction to the direction
of travel. In some embodiments the majority of the outlets
of the water jet are directed towards an inlet of the ap-
paratus. In some embodiments the majority of the outlets
of the water jet are directed in the opposition direction to
the direction of travel. In some embodiments, all of the
water jets are directed towards an inlet of the apparatus.
In some embodiments all of the outlets of the water jet
are directed in the opposition direction to the direction of
travel. In some embodiments, all of the water jets are
directed towards an inlet of the apparatus. By describing
that the outlets are direct at or to or towards means that
outlet is configured that when the water is ejected or ex-
pelled from the outlet of the water jet that the water will
be directed to or at or towards that particular stated di-
rection. Advantageously having the water jet directed
away from the direction or travel; to the opposition direc-
tion of the direction of travel; or towards an inlet; may
assist moving the nodules or nodular material towards
an inlet to be collected by the apparatus. The force of the
water jet may actually move the nodules or nodular ma-
terial along the protrusions or tines, and/ or up the inclined
surface, or generally towards the inlets of the apparatus.
Also advantageously having the outlets directed up-
wards, to some degree at least, helps remove non-nod-
ular material, for example, sediment from the nodular ma-
terial, therefore separating the non-nodular material from
the nodular material. The nodular material being pushed
along towards the inlets, or at least the direction of the
inlets of the apparatus and the non-modular material be-
ing blown away from the apparatus.

[0037] Insome embodiments at least one outlet of the
water jet is directed upwards in configuration. Advanta-
geously this helps move the nodular material generally
which can be help move the nodular material up the in-
cline surface and generally towards the inlets of the ap-
paratus. Also advantageously having the outlets directed
upwards, to some degree at least, helps remove non-
nodular material, for example, sediment from the nodular
material, therefore separating the non-nodular material
from the nodular material. The nodular material being
pushed along towards the inlets, or at least the direction
of the inlets of the apparatus and the non-modular ma-
terial being blown away from the apparatus.

[0038] Insome embodiments at least one outlet of the
water jet is directed, in configuration, in the opposite di-
rection oftravel of the apparatusin use. This also enables
the water expelled from the outlet of the water jet to move
the nodules on the tines, or the like, towards the inlets.
[0039] Insome embodiments the water jet or water jet
system is separate from the tines or separator. In some
embodiments the water jet comprises one or more con-
duits and one of more outlets positioned above the tines
or separator. When the outlets of the water jet are posi-
tioned or orientated in use above the times or separator
the water expelled from the water jet may assist in push-
ing the nodules on the tines or separator to the inlets for
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collection of the nodules. In specific embodiments the
water jets comprise one or more conduits that comprise
U shape meaning generally similar in shape to the capital
latin letter "U".

[0040] Inspecificembodiments the waterjets comprise
one or more conduits that comprise one or more outlets
configured to expel water towards one or more of: the
tines; the separator; a notch and an inlet. Therefore as-
sisting moving the nodules on a tine, partially at least in
a notch or the separator to the inlets.

[0041] Inspecificembodiments atleastone notch com-
prises at least one outlet of the water jet. In specific em-
bodiments at least one notch comprise an outlet of the
water jet, wherein the water jet is directed backwards.
Backwards herein is used to mean generally the oppo-
sition direction to the direction of travel. In addition di-
rected backwards means the outlet is configured to expel
the water from the outlet backwards, away from the di-
rection of travel of the apparatus in use. In specific em-
bodiments at least one notch comprise an outlet of the
water jet, wherein the waterjet is directed upwards. Up-
wards here means generally up, away from the floor of
the body of water but does not necessarily require to be
vertical from the floor of the body of water. In addition
directed upwards means the outlet is configured to expel
the water from the outlet upwards, away from the direc-
tion of travel of the apparatus in use.

[0042] In some embodiments the outlet of the water jet
is configured to expel water in an upward direction. In
some embodiments the outlet of the water jet is config-
ured to expel water in a backward direction, away from
the direction of travel of the apparatus in use. In some
embodiments the out let of the water jet is configured to
expel water towards one or more of: an inlet; a tine; a
protrusion of a plurality of protrusions; a separator; an
inclined surface as herein described; a nodule on the
apparatus; and/ or a notch; or any combination thereof,
the before mentioned.

[0043] In specific embodiments the at least one notch
comprises an outlet of the water jet on a vertical side or
edge of the notch. In specific embodiments the at least
one notch is configured that in use comprises an outlet
of the water jet on a vertical side or edge of the notch. In
specific embodiments the at least one notch comprises
an outlet of the water jet wherein the outlet faces away
from the direction of travel. In specific embodiments the
at least one notch comprises an outlet of the water jet
wherein the outlet faces backwards, away from the di-
rection of travel. In specific embodiments the at least one
notch comprises an outlet of the water jet that faces to-
wards an inlet of the apparatus. Advantageously having
an outlet of the water jet within a notch, or on the vertical
edge, or side, of the notch, or point/ facing backwards
within a notch, lessens the risk that sediment or the like,
will enter the outlets of the water jets causing blockage,
especially when the apparatus is moving forward.
[0044] In some embodiments the force, or pressure,
of the water jet is in the range of 200000 Pascals to
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1000000 Pascals (2 to 10 bar). In specific embodiments
the force, or pressure, of the water jets are in the range
of 20000 Pascals to 1100000 Pascals (2 to 11 bar); or
50000 Pascals to 900000 Pascals (5 to 9 bar); or 600000
Pascals to 700000 pascals (6 to 7 bar). The force, or
pressure, of the water jet referred to herein is the force
or pressure, of the water moving within the water jet and
initially leaving the water jet. Advantageously this force,
or pressure, of the water jet may assist in moving the
nodules and nodular material in a controlled manner
along, the protrusions or nodules; or up the incline sur-
face or at least towards in a general direction towards
the inlets of the apparatus without blowing the nodular
material away, or off of the apparatus. Advantageously,
the force of the water jet is strong enough to separate
the non-nodular material from the nodular material as-
sisting in blowing the non-modular material off of the ap-
paratus. Advantageously the water jet assist in prevent-
ing the nodules or nodular material from rolling, sliding
or falling off the tines or apparatus.

[0045] In specific embodiments each, or alternative in
position, of the plurality of protrusions or tines, comprise
at least one outlet of the water jet. In specific embodi-
ments each tine comprises at least two outlets of the
water jet. In specific embodiments each notch on each
protrusion or tine comprises and outlet of a water jet. In
other embodiments it is envisaged that different combi-
nations of notches to tines, and outlets to notches may
exist.

[0046] Inspecificembodiments atleast one protrusion,
or tine, comprises at least one conduit in fluid communi-
cation with a water jet supply, and at least one outlet. In
specificembodiments atleast on notch comprises an out-
let in fluid communication with a water jet source via a
conduit.

[0047] In some embodiments the moving means is a
vehicle. In some embodiments the apparatus comprises
a vehicle. In some embodiments the vehicle is a vehicle
for working underwater. In some embodiments the vehi-
cle is a remote control vehicle. In some embodiments the
vehicle is as herein described. The apparatus as herein
described is suitable for use with the vehicle as herein
described, and the features of either are combinable.
[0048] In another aspect of the invention there is pro-
vided a method of separating nodular material from non-
nodular material comprising the steps of:

using an apparatus as described herein, for separating
nodular material from a floor of a body of water, or non-
nodular material, for example, sediment.

[0049] Inanother aspect of the present invention there
is provided a method of separating nodular material from
non-nodular material comprising the steps of:

engaging the floor of the body of water with a sepa-
rator wherein the separator comprises a plurality of
protrusions;

moving the separator, at an inclined angle from the
floor of the body of water, through a portion of the
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floor of a body of water such that the plurality of pro-
trusions protrude in a forward direction to the direc-
tion of travel; whereby the forward movement of the
separator through the floor of the body of water push-
es the nodular material up the inclined upper surface
of the separator towards an inlet, wherein the inlet
is in communication with a container.

[0050] In another aspect of the present invention there
is provided a method of separating nodular material from
non-nodular material comprising the steps of:

engaging the floor of the body of water with a sepa-
rator wherein the separator comprises a plurality of
protrusions;

moving the separator, through a portion of the floor
of a body of water such that the plurality of protru-
sions protrude in a forward direction to the direction
of travel; whereby the forward movement of the sep-
arator through the floor of the body of water pushes
the nodular material along an upper surface of the
separator towards an inlet, wherein the inlet is in
communication with a container.

[0051] In some embodiments the method further com-
prises the step of: forcing atleast a portion of non-nodular
material to fall off the sides of the plurality of protrusions,
or through the gaps between the plurality of protrusions,
or at least away from the apparatus.

[0052] In some embodiments the method further com-
prising the step of:

moving the nodular material along the plurality of protru-
sions, or the separator, or tines, by use of a water jet.
Aptly the nodular material may be moved along theincline
surface of the apparatus; and/ or along the plurality of
protrusions or tines; and/ or towards an inlet of the ap-
paratus.

[0053] In some embodiments the method further com-
prising the step of:

moving the nodular material by use of a water jet wherein
the pressure, or force, from the water jet is in the range
of 200000 Pascal to 1000000 Pascals (2 to 10 bar). Aptly
other ranges of the pressure or force of the water jets
may be used for example: 20000 Pascals to 1100000
Pascals (2 to 11 bar); or 50000 Pascals to 900000 Pas-
cals (5 to 9 bar); or 600000 Pascals to 700000 pascals
(6 to 7 bar).

[0054] In some embodiments the method further com-
prises the step of directing the water jet outlets backwards
toward the opposite direction from travel. In some em-
bodiments the method further comprises the step of di-
recting the water from the outlets backwards toward the
opposite direction from travel. In some embodiments the
method further comprises the step of directing the water
jet outlets backwards away from direction from travel. In
some embodiments the method further comprises the
step of directing the water from outlets backwards away
from direction from travel. Directing the water from the

10

15

20

25

30

35

40

45

50

55

water jets, or outlets from the water jets backwards helps
assist to move the nodular material towards the inlets of
the apparatus.

[0055] In some embodiments the method further com-
prises directing the water jetoutlets upwards in adirection
away from the floor of the body of water. Water from the
water jets being directed upwards may assist in moving
the nodular material up the inclined surface but also may
assist in blowing away non-nodular material away from
the apparatus, or at least off the separator.

[0056] In specific embodiments the method further
comprises directing the water jet outlets backwards to-
ward the opposite direction from travel and upwards in a
direction away from the floor.

[0057] The person skilled inthe art will understand that
upwards need not be limited to only vertical and thatback-
wards need not be limited to only horizontal, but that gen-
erally up and generally backwards is what is meant her
to offer the advantages.

[0058] According to an aspect of the disclosure, there
is provided an apparatus for separating nodular material
from non-nodular

material, the apparatus comprising:-

at least one container for receiving liquid containing
nodular material and non-nodular material;

at least one respective inlet for enabling liquid con-
taining nodular material and non-nodular material to
enter at least one said container;

at least one respective first outlet for enabling liquid
to exit at least one said container; and

at least one respective second outlet for enabling
liquid to exit at least one said container, wherein at
least one said second outlet is arranged at a greater
height than at least one said first outlet provided on
the corresponding said container, and entry of liquid
via at least one said inlet into the container causes
reduction in velocity of the liquid.

[0059] By providing atleastonerespective second out-
let for enabling liquid to exit at least one said container,
wherein at least one said second outlet is arranged at a
greater height than at least one said first outlet provided
on the corresponding said container, and entry of liquid
via at least one said inlet into the container causes re-
duction in velocity of the liquid, this provides the advan-
tage of enabling the reduction in liquid velocity to be such
that the concentration of nodular material in liquid exiting
at a first outlet increases and the concentration of non-
nodular material in liquid exiting at a second outlet in-
creases. In the case of removal of nodular material from
the seabed, this provides the further advantage that the
amount of undesired non-nodular material removed to a
surface vessel is reduced, thereby reducing the environ-
mental impact of returning non-nodular material which
has been removed to a surface vessel to the seabed, for
example by making it viable to transport such non-nod-
ular material to shore.
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[0060] The apparatus may further comprise barrier
means for obstructing a shortest path from at least one
said inlet to at least one said second outlet.

[0061] This provides the advantage of making it more
difficult for nodular material than non-nodular material to
reach a second outlet, thereby minimising loss of nodular
material, and increasing the concentration of nodular ma-
terial in the vicinity of at least one first outlet.

[0062] The barrier means may comprise at least one
plate.
[0063] The barrier means may cause liquid to travel

from at least one said inlet to at least one said second
outlet by passing under said barrier means.

[0064] This provides the advantage of enabling nodu-
lar material to be urged towards at least one said first
outlet while making it difficult for nodular material to reach
the second outlet, thereby minimising loss of nodular ma-
terial, and increasing the concentration of nodular mate-
rial in the vicinity of at least one first outlet.

[0065] The apparatus may further comprise flow redi-
recting means for redirecting flow of liquid towards at
least one said first outlet.

[0066] This provides the advantage of increasing the
concentration of nodular material in the vicinity of one or
more first outlets while minimising turbulence of flow,
thereby providing better control of the process for sepa-
rating nodular material from non-nodular material.
[0067] The flow redirecting means may comprise a
curved surface.

[0068] At least one said container may comprise a re-
spective body tapering towards at least one said first out-
let.

[0069] This provides the advantage of increasing con-
centration of nodular material in the vicinity of one or more
first outlets, thereby increasing the efficiency of the proc-
ess for separating nodular material from non-nodular ma-
terial.

[0070] Atleastone said container may comprise a low-
er surface inclined towards at least one said first outlet.
[0071] This provides the advantage of increasing con-
centration of nodular material in the vicinity of one or more
first outlets, thereby increasing the efficiency of the proc-
ess for separating nodular material from non-nodular ma-
terial. This is especially the case when the apparatus is
vibrating in use.

[0072] Atleast one said inlet may be directed towards
a substantially central portion of a said container in a
direction transverse to a direction extending from at least
one said inlet to at least one said first outlet.

[0073] This provides the advantage of concentrating
flow of liquid containing nodules towards one or more
first outlets, while minimising turbulence, thereby in-
creasing the efficiency of the process for separating nod-
ular material from non-nodular material.

[0074] At least one said inlet may define a nozzle.
[0075] This provides the advantage of assisting in re-
ducing the velocity of liquid containing nodular material
and non-nodular material, thereby assisting the separa-
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tion process.

[0076] The apparatus may further comprise pump
means for directing liquid to at least one said inlet and/or
directing liquid out of at least one said first outlet and/or
directing liquid out of at least one said second outlet.
[0077] According to another aspect of the disclosure,
there is provided an apparatus for removing nodular ma-
terial from a floor of a

body of water, the apparatus comprising:-

moving means for moving the apparatus relative to
a floor of a body of water;

material removing means for removing nodular ma-
terial from the floor of the body of water;

connector means adapted to be connected to a con-
duit to enable said removed nodular material to be
transported to a vessel on the surface of the body of
water; and

an apparatus for separating nodular material from
non-nodular material as defined above.

[0078] According to a further aspect of the disclosure,
there is provided an apparatus for removing material from
a floor of a body of water, the apparatus comprising:

first moving means for moving the apparatus sub-
stantially vertically relative to a floor of a body of wa-
ter;

second moving means for moving the apparatus
substantially horizontally relative to the floor of the
body of water;

material removing means for removing material from
the floor of the body of water; and

connector means adapted to be connected to a con-
duit to enable said removed material to be transport-
ed to a vessel on the surface of the body of water.

[0079] By providing first moving means for moving the
apparatus substantially vertically relative to a floor of a
body of water and second moving means for moving the
apparatus substantially horizontally relative to the floor
of the body of water, this provides a number of significant
advantages. Firstly, no manipulator or remotely operated
vehicle (ROV) assistance is required to enable the ap-
paratus to be connected to the conduit. The advantage
is also provided that the first moving means enables the
apparatus to operate more effectively on very soft
ground. The advantage is also provided that deployment
of the apparatus to the sea bed can take place without
the use of a taut umbilical, as a result of which less rein-
forcement of the umbilical is necessary, thereby enabling
more electrical power to be supplied to the apparatus via
the umbilical, while also enabling the apparatus to be
deployed a greater distance from the surface vessel. The
advantage is furthermore provided of enabling the appa-
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ratus to be more quickly exchanged for another appara-
tus for maintenance purposes, while also enabling the
apparatus to be manoeuvred more easily and without
using the umbilical, thereby enabling more thorough ma-
terial removal to be carried out.

[0080] The first moving means may comprise at least
one thruster.

[0081] The second moving means may comprise at
least one thruster.

[0082] The second moving means may comprise a plu-
rality of tracks.

[0083] This provides the advantage of enable steering
of the apparatus on very soft ground.

[0084] The apparatus may further comprise buoyancy
means for reducing the weight of the apparatus in water.
[0085] This provides the advantage of assisting oper-
ation of the first moving means. In addition, the advantage
is provided that less mechanical strengthening of the um-
bilical cable is necessary, as a result of which larger elec-
trical power can be delivered to the apparatus as a result
of reduced heating of the umbilical cable insulation. Also,
as a result of the different catenary curve of the umbilical
cable having less mechanical reinforcement, it is easier
to separate the umbilical cable from the conduit, as a
result of which the likelihood of collision between the um-
bilical cable and the conduit during operation of the ap-
paratus is minimised.

[0086] The apparatus may further comprise contain-
ment means for containing said removed material prior
to transport thereof to a vessel.

[0087] According to a further aspect of the disclosure,
there is provided an apparatus for removing nodular ma-
terial from a floor of a body of water, the apparatus com-
prising:

moving means for moving the apparatus relative to
a floor of a body of water;

material removing means for removing nodular ma-
terial from the floor of the body of water; and

connector means adapted to be connected to a con-
duit to enable said removed nodular material to be
transported to a vessel on the surface of the body of
water;

wherein the material removing means comprises at
least one inlet and floor engaging means for engag-
ing the floor of the body of water, wherein the floor
engaging means comprises a plurality of protrusions
adapted to be arranged forwards of at least one said
inlet in a direction of travel of the apparatus and to
extend substantially in a direction of travel of the ap-
paratus.

[0088] By providing floor engaging means comprising
a plurality of protrusions adapted to be arranged forwards
of at least one said inlet in a direction of travel of the
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apparatus and to extend substantially in a direction of
travel of the apparatus, this provides the advantage of
enabling nodular material on the surface of the sea bed
to be collected, while minimising the disturbance of the
sea bed, thereby minimising the environmental impact
of removing the nodular material. The further advantage
is provided that the lower extent of disturbance of the
seabed causesless drag, therebyresultinginless energy
consumption.

[0089] The protrusions may comprise a plurality of
tines.

[0090] The apparatus may comprise at least one first
aperture arranged rearwards of at least one said inlet in
a direction of travel of the apparatus for allowing nodular
material to pass therethrough.

[0091] This provides the advantage of preventing the
inlet becoming blocked by nodular material in the event
of failure of the apparatus to remove the nodular material
to the conduit.

[0092] The apparatus may further comprise separator
means arranged adjacent at least one said inlet for sep-
arating nodular material from non-nodular material of the
floor of the body of water.

[0093] By providing separator means for separating
nodular material from non-nodular material of the floor
of the body of water, this provides the advantage of min-
imising the amount of unwanted non-nodular material,
such as sediment, of the floor of the body of water which
is transported to the surface, thereby minimising energy
consumption, and avoiding the environmental impact of
returning to the sea bed non-nodular material which has
previously been removed to the surface.

[0094] The separator means may include at least one
surface inclined in use relative to the floor of the body of
water and having at least one second aperture there-
through for enabling non-nodular material to pass there-
through and preventing said nodular material from pass-
ing therethrough.

[0095] The apparatus may further comprise suction
means for removing nodular material from at least one
said inlet.

[0096] The suction means may be adapted to reverse
the direction of flow of water therethrough.

[0097] This provides the advantage of assisting clear-
ing of blockages.

[0098] Generallyin some embodiments in use, the en-
gaging means or tines will sieve through the floor of the
body of water and nodules as well as sediment will be
retained on the tines, or plurality of protrusions of the
apparatus. In embodiments with one or more notches
the notches help prevent the nodules sliding or rolling
forward. In embodiments with a water jet, with one or
more outlets, in some embodiments the outlets will be
configured to be directed generally towards the inlets of
the apparatus for the nodules. In some embodiments with
water jet outlets the outlets are configured to force water
along the upper surface of the tines, or plurality of pro-
trusions. In some embodiments with water jet outlets the
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outlets are configured to force water along the upper sur-
face of the inclined surface. Thus in these embodiments
with a water jet, the water expelled from the outlet of the
water jet can move the nodules to the one or more inlets
of the apparatus.

[0099] By the term "diameter" are used herein this is
used to mean the longest across length or dimension of
an object.

[0100] By the term "directed" as used herein with ref-
erences to the outlet or outlets of the water jets is used
to mean configured, that the outlet is configured, to expel
the water or liquid in a particular direction. And in a meth-
od, when referring to the water or liquid, the term includes
able to expel the water in a particular direction.

[0101] By the term "floor of the body of water" as used
herein that this term may be interchangeable with sea-
bed, and includes fresh water bodies of water too.
[0102] By the term "horizontal" as used herein the per-
son skilled in the art will understand that this does not
need to be exactly horizontal but horizontal enough to
have the desired function.

[0103] By the term "notch" as used herein this term is
used to mean an indentation on an edge or surface, for
example on the tine. The term also includes a groove or
channel.

[0104] Bytheterm"V shaped" asused herein this term
is used to mean a general similarity in shape to the latin
alphabet letter "V". Likewise "U" shape refers to the cap-
ital latin letter "U".

[0105] By the term "vertical" as used herein the person
skilled in the art will understand that this does not need
to be exactly vertical but vertical enough to have the de-
sired function.

[0106] By the terms "water jet" or "water jet system" or
the like, as used herein these terms are used to mean
an apparatus suitable for expelling water is a desired
direction. Aptly the water jet will include a pump mecha-
nism, or other means to move the water and at least one
outlet where the water or liquid will be expelled. The term
"water" here also includes liquids.

[0107] Any one or more features of any aspect, em-
bodiment or example may be combined with any other
one or more features of any other aspect, embodiment
or example, described herein.

[0108] Embodiments will now be described, by way of
example only and not in any limitative sense, with refer-
ence to the accompanying drawings, in which: -

Figure 1 is a rear and side perspective view of a
nodule mining apparatus of a first embodiment;

Figure 2 is a front and side perspective view of the
nodule mining apparatus of Figure 1;

Figure 3is adetailed view of part of the nodule mining
apparatus of Figure 2;

Figure 4 is a front view of the apparatus of Figure 1
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with a collector unit having ducts in an unfolded con-
dition;

Figure 5 is a side view of the apparatus of Figure 4;

Figure 6 is a front view of the apparatus of Figure 1
with the collector unit having ducts in a folded con-
dition;

Figure 7 is a side view of the apparatus of Figure 6;

Figure 8 shows the apparatus of Figure 1 being low-
ered to the seabed;

Figure 9 shows the apparatus of Figure 1 connecting
to ariser;

Figure 10 shows the apparatus of Figure 1 harvest-
ing nodules;

Figure 11 is a front view of an apparatus of a second
embodiment with a collector unit having ducts in an
unfolded condition;

Figure 12 is a side view of the apparatus of Figure 11;

Figure 13 is a front view of the apparatus of Figure
11 with the collector unit having ducts in a folded
condition;

Figure 14 is a side view of the apparatus of Figure 13;

Figure 15 is a front perspective view of a separator
apparatus of the apparatus of Figure 11;

Figure 16 is a rear perspective view of a separator
apparatus of Figure 15; and

Figure 17 is a cross sectional view of the tank of the
separator apparatus of Figure 15.

Figure 18 is a cross sectional view of one particular
embodiment showing one of the plurality of protru-
sions, or tines, showing notches.

Figure 19 is another embodiment showing a cross-
sectional view of one of the plurality of protrusions,
or tines, showing the water jet conduits and water
jet out-lets.

Figure 20 is of another embodiment showing a top
view of three of the plurality of protrusions or tines.

Figure 21 is to another embodiment showing a cross
sectional view of one of the plurality of protrusions
and an external conduit, of the water jet.

[0109] Referring to Figures 1 to 10, an apparatus em-
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bodying the present disclosure for removing nodular ma-
terial 2 (Figure 3) from the seabed 4 (Figure 8) comprises
a nodule mining vehicle 6 having buoyancy members 8
for reducing the weight of the vehicle 6 in water, first
moving means in the form of first thrusters 10 for moving
the vehicle 6 vertically relative to the seabed 4, and sec-
ond moving means in the form of second thrusters 12 for
moving the vehicle 6 horizontally relative to the seabed
4 when not directly in contact with the seabed 4. The
vehicle 6 is also provided with tracks 14 for moving the
vehicle 6 relative to the seabed 4 when the vehicle 6 is
in contact with the seabed 6, and for steering the vehicle
6.

[0110] Material removing means in the form of a col-
lector unit 16 is provided forward of the tracks 14, and
has a plurality of inlets 18 for receiving nodular material
2 removed from the seabed 4. The collector unit 16 has
separator means for separating nodular material 2 from
non-nodular material such as sediment in the form of a
ramp 20 having a surface 22 inclined relative to the sea-
bed 4, and second apertures 24 for allowing sediment to
pass through the second apertures 24 while preventing
the nodules 2 from passing through the second apertures
24. Floor engaging means comprising protrusions in the
form of tines 26 engages the seabed 4 and engages nod-
ules 2 located on the seabed 4 to assist their entry into
the collector unit 16. The tines 26 are arranged forwards
of the inlets 18 and extend forwardly of the vehicle 6 in
the direction of travel of the vehicle 6. This enables the
tines 26 to engage nodules 2 such that the nodules 2
slide up ramps 20 into inlets 18, while minimising distur-
bance of the seabed 4, thereby minimising the environ-
mental impact of the nodule collection process.

[0111] The collector unit 16 is provided with suction
means in the form of eductors 28 connected via respec-
tive ducts 30 to the inlets 18 for removing nodules 2 from
the inclined surface 22 of the ramp 20. The ducts 30 lead
to containment means in the form of a tank 32 having an
inclined bottom surface 34 to enable the nodules 2 to
collect at the rear of the tank 32 where they are contained
prior to being pumped to the surface by means of a
dredge pump 36 and further pumps (not shown) on a
riser 38 via which the nodules 2 are transported to the
surface. The eductors 28 can reverse the flow of water
through the conduits 30 to assist in clearing blockages.
[0112] The collector unit 16 is also provided on its rear
surface with first apertures 40, to enable nodules 2 to
pass therethrough in the event of blockage of one or more
of the ducts 30. This prevents the respective ducts 30
from becoming blocked, by preventing the nodules 2 from
blocking the inlets 18 as the vehicle 6 moves forwards.
[0113] The outlet of the dredge pump 36 is connected
to connecting means in the form of a latching mechanism
42 to enable the vehicle 6 to be connected to the riser
38 to enable the nodular material 2 to be pumped from
the tank 32 to a vessel located on the surface. The latch-
ing mechanism 42 extends generally vertically and is piv-
otably mounted to the vehicle 6. This enables the vehicle
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6 to easily rotate through 180 degrees at the end of a
track to enable more effective harvesting of nodules 2 to
take place.

[0114] The operation of the vehicle 6 will now be de-
scribed with reference to Figures 8 to 10.

[0115] Initially, the vehicle 6 is lowered from a surface
vessel (not shown) by means of an umbilical cable 44
connected to a suspension point 46 to the seabed 4. As
shownin Figure 8. The vehicle 6 then lifts from the seabed
4 by means of the first thrusters 10 and second thrusters
12 to enable the latching mechanism 42 of the vehicle 6
to connect to the riser 38. The vehicle 6 then returns to
the seabed 4 and moves along the seabed 4 by means
of the second thrusters 12 and/or tracks 14 to harvest
nodules 2, as shown in Figure 10.

[0116] Referring to Figures 11 to 17, in which parts
common to the embodiment of Figures 1 to 10 are de-
noted by like reference numerals but increased by 100,
a vehicle 106 of a second embodiment is shown. The
vehicle 106 has a collector unit 116 including separately
foldable collector ducts 130 which can be moved be-
tween a folded condition (Figures 13 and 14), to enable
the vehicle 106 to be more compact as it is being de-
ployed to the seabed, and an unfolded condition (Figures
11 and 12), in which the lateral width of the collector unit
116 is at its maximum. The collector ducts 130 are con-
nected to conduits 150 (Figures 12, 14) which in turn are
connected to inlets 152 to a separator apparatus, includ-
ing the tank 132, for separating nodules from non-nodular
material such as silt or sediment. The inlets 152 are di-
rected towards a laterally central region of the tank 132.
[0117] Theseparatorapparatusis shownin more detail
in Figure 17. The tank 132 has a body 154 which is ta-
pered from the inlets 152 towards a first outlet 156 ar-
ranged at a lower part of the tank 132. The inlets 152 into
the tank 132 define nozzles 158, which cause the velocity
of water 160 containing nodules and non-nodular mate-
rial to be reduced as it enters the tank 132. As a result,
nodules tend to settle towards the bottom 134 of the tank
132, while non-nodular material remains in suspension
in the water.

[0118] Directing water containing nodules towards a
laterally central part of the tank 132, in cooperation with
the tapered tank body 154, minimises turbulence in the
flow of water containing nodules, which in turn minimises
the extent to which settling of nodules in the vicinity of
the first outlet 156 is disturbed. The tank 132 is also pro-
vided with flow redirecting means in the form of a curved
upper plate 162, for redirecting flow of water containing
nodules towards the first outlet 156, while minimising tur-
bulence in the water flow. The tank 132 has an inclined
lower surface 134, also extending towards the first outlet
156, which causes nodules to tend to move along the
lower surface 134 towards the first outlet 156, especially
when the separator apparatus is vibrating when in use.
[0119] Second outlets 164 are provided at a greater
height than the first outlet 156, and a direct path from the
inlets 152 to the second outlets 164 is blocked by means
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of barrier means in the form of baffle plates 166 arranged
at an upper part of the tank 132. As a result, as water
containing nodules and non-nodular material is pumped
into the tank 132, the nodules have a greater tendency
to collectaround the firstoutlet 156, whereas non-nodular
material such as silt or sediment can reach the second
outlets 164 by passing under the baffle plates 166, so
that non-nodular material in suspension can reach the
second outlets 164, but it is very difficult for nodules to
reach the second outlets 164. In this way, by suitable
control of the pumping rate of water out of the first outlet
156 and second outlets 164, the concentration of nodules
in water pumped from the first outlet 156 is maximised,
and the concentration of nodules in water pumped from
the second outlets 164 is minimised. This has the result
of minimising the quantity of unwanted non-nodular ma-
terial pumped to the surface via the riser 38, thereby re-
ducing the environmental impact of returning such ma-
terial to the seabed, especially if the quantity of such non-
nodular material is sufficiently small to enable it to be
transported to the shore.

[0120] The Figure 18 embodiment shows a cross sec-
tional view, across the longitudinal length of one of the
plurality of protrusions or tines (26) according to one em-
bodiment of the present invention. As can be seen this
tine (26) in this embodiments comprises 5 notches (25).
These notches have a vertical side or edge in this em-
bodiment. Also in this embodiment the notches are V
shaped in the cross sectional view, when across the lon-
gitudinal axis of the tine (26). In this embodiment one
side of the V shape is relatively vertical relative to the
floor of the body of water in use. Also in this embodiment
the notches are all completely across the width of the
tine (26), forming a channel or groove. The notches (25)
may assist nodules to travel along the tines (26) in the
direction away from the direction of travel but hinder the
travel of nodules in the same direction as that of the di-
rection oftravel D of the apparatus. The direction of travel
of the apparatus in use is shown by the arrow D.
[0121] The Figure 19 shows a cross sectional view,
across the longitudinal axis of one of the plurality of pro-
trusions, or tines (26) of another embodiment of the
present invention. In this embodiment the tine (26) has
5 notches (25). Other embodiments may have a different
number of notches (25). In this embodiment each notch
(25) has an outlet (27) from the conduit (29) of the water
jet. There is also shown the inlet (31) for water to travel
from the pump and/ or water source of the water jet sys-
tem (31). The direction of travel of the apparatus in use
is indicated by the arrow D. The notches (25) are config-
ured in this embodiment to hold one or more nodules (2)
aiding prevention of the nodule (25) rolling or sliding to-
wards the front, or towards the direction of travel D. The
substantially vertical surface of the notches (25) does not
protrude above the surface of the tine and therefore does
not hinder movement of the nodule away from the direc-
tion of travel of the apparatus. In this embodiment each
notch (25) has an outlet (27) of the water jet (31) but in
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other embodiments not all notches (25) may have an
outlet of the water jet (31). Again in this embodiment the
notches (25) have a vertical side /edge and are generally
v shaped in a cross sections view across the longitudinal
axis of the tine (26). In this embodiment the notches (25)
extend across the entire width of the tine (26). In this
embodiment shown the notches (25) are configured such
that one side of the V shaped notch is vertical relative to
the floor (4) of the body of water. The other side of the V
shaped notch is the inclined surface of the tine (26).
Therefore the notches (25) doe not hinder travel of the
nodules (2) towards the inlets, away from the direction
of travel D of the apparatus, but do hinder the nodules
from rolling, sliding or generally traveling in the direction
of travel D of the apparatus. As can be seen in this em-
bodiment the outlets (27) of the water jet (31) are directed
or pointed generally backwards away from the direction
of travel D, are configured to point in this direction. Also
as can be seen in this embodiment the outlets (27) of the
water jet (31) are configured, directed or pointed gener-
ally upwards, relative to the floor (4) of the body of water.
As can be seen in the figure 19 embodiment that the tine
(26) is partially below the seabed or floor (4) of the body
of water. Part of the notch (25) also forms the incline
surface 20. In use the tines (26) are moved forward in
the direction D with the tines 26 engaging with the floor
of the body of water (4). Nodules in the portion of the
floor of the body of water (4) that the tines (26) engage
with will be lifted onto the tines (26). Non-nodular material
for example sediment, which tends to be much smaller
is size, for example its largest diameter, relative to nod-
ules (2) may largely pass through the spacing between
the tines (26) as the apparatus (1) moves forward. The
water pump (31) when switched on may help move the
nodule (2) up and back along the tines (26). The spacing
between the tines (26) is configured that the nodular ma-
terial is mostly larger in largest diameter than the spacing
between tines (26). In this particular embodiment the
spacing between the tines (26) is 2 centimetres. Other
embodiments may have different spacing between the
tines (26) and indeed the spacing may vary along the
length of the tines (26). In use when the water jets (31)
are switched on water enters the tines (26) at the inlet
(31) and travels along the conduit 29, shown in dashed
or broken lines in this figure 19 embodiment, before ex-
iting the conduit (29) at the various outlets (27). The tines
(26) during use may be orientated at an incline to the
floor (4) of the body of water.

[0122] Figure 20 shows a top view of three protrusions
of the plurality of protrusions, or three tines. In practice
aptly most embodiments would comprise more protru-
sions (26) but this embodimentis for illustrative purposes.
As can be seen in this embodiment there are outlets (27)
from the water jet (31) positioned in the notches (25).
The lines (25) across the tines (26) are the substantially
vertical side /edge of the notches (25), similar to those
seen in Figure 19 from a different view. Also shown in
this figure are optional features of a separate inclined
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surface (22) comprising apertures (24). Other embodi-
ments of the invention need not be limited to having this
separate inclined surface (22) and apertures (24). There
is also shown in this Figure 20 embodiment is the direc-
tion of travel of the apparatus in use indicated by the
arrow D. Not shown, but the inlets of the apparatus may
be located above the inclined surface 22, and/ or above
the apertures 24, or tines (26) relative to the floor of the
body of water in use, and may comprise a suction system
with conduit to transport the nodules to a container for
storage or transport. Other embodiments may have a
different collection system or means to collect, transport
and store the nodules. Not shown in this figure 20 is that
the outlets (27) of the water jet system (31) are fluidly
connected to the pump of the water jet (31) via conduits
(29) similarly to the conduits (29) shown in figure 19. The
conduits (29) are within the tines (26) in this Figure 20
embodiment. In use the nodules are pushed along by the
water jets in the opposite direction from the direction of
travel D of the apparatus.

[0123] Figure 21 shows another embodiment of the
present invention where the water jet system (31) with
conduit (29) and outlet (27) is separate from the plurality
of protrusions or tines (26). Not shown in this figure is
how the conduit (29) of the water jet is in fluid communi-
cation with the water jet pump and water source. However
a person skilled in the art can foresee that the water is
able to travel along the conduit (29) and be expelled from
the outlet (27). Also seen in this embodiment is notches
(25) although other embodiments with a separate conduit
(29) orientation/ water jet system (31) may not necessar-
ily have notches (25), or comprise a different number of
notches (25). In this figure 21 embodiment the outlet (27)
is directed backwards, meaning is configured such that
the water will be expelled backwards from the direction
of travel, facing the opposition direction to the direction
of travel. In this figure 21 embodiment the outlets also
facing towards an inlet (not shown in this figure) of the
apparatus. Thus again the water jet is orientated to assist
in moving nodules on the plurality of protrusions or tines
towards the inlet or inlets of the apparatus. In practice as
the tine (26) engages with the floor (4) of the body of
water, nodules (2) gather on the lower portion of the tine
(26) and may be moved upwards and backwards by the
force and pressure of the water jet system (31) from the
water from the outlet (27) of the water jet (31).

[0124] It will be appreciated by persons skilled in the
art that the above embodiment has been described by
way of example only and not in any limitative sense, and
that various alterations and modifications are possible
without departure from the scope of the disclosure as
defined by the appended claims.

[0125] Further Non-limited, Examples:

1. An apparatus for separating nodular material from
non-nodular
material, the apparatus comprising:-
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at least one container for receiving liquid con-
taining nodular material and non-nodular mate-
rial;

at least one respective inlet for enabling liquid
containing nodular material and non-nodular
material to enter at least one said container;

at least one respective first outlet for enabling
liquid to exit at least one said container; and

at least one respective second outlet for ena-
bling liquid to exit at least one said container,
wherein at least one said second outlet is ar-
ranged at a greater height than at least one said
first outlet provided on the corresponding said
container, and entry ofliquid via atleast one said
inlet into the container causes reduction in ve-
locity of the liquid.

2. Anapparatus according to example 1, further com-
prising barrier

means for obstructing a shortest path from at least
one said inlet to at least one said second outlet.

3. An apparatus according to example 2, wherein
the barrier means
comprises at least one plate.

4. An apparatus according to example 2 or 3, wherein
the barrier

means causes liquid to travel from at least one said
inlet to at least one said second outlet by passing
under said barrier means.

5. An apparatus according to any one of the preced-
ing examples,

further comprising flow redirecting means for redi-
recting flow of liquid towards at least one said first
outlet.

6. An apparatus according to example 5, wherein
the flow
redirecting means comprises a curved surface.

7. An apparatus according to any one of the preced-
ing examples,

wherein at least one said container comprises a re-
spective body tapering towards at least one said first
outlet.

8. An apparatus according to any one of the preced-
ing examples,

wherein at least one said container comprises a low-
er surface inclined towards at least one said first out-
let.

9. An apparatus according to any one of the preced-
ing examples,

wherein at least one said inlet is directed towards a
substantially central portion of a said container in a
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direction transverse to a direction extending from at
least one said inlet to at least one said first outlet.

10. An apparatus according to any one of the pre-
ceding examples,
wherein at least one said inlet defines a nozzle.

11. An apparatus according to any one of the pre-
ceding examples,

further comprising pump means for directing liquid
to at least one said inlet and/or directing liquid out of
atleast one said first outlet and/or directing liquid out
of at least one said second outlet.

12. An apparatus for removing nodular material from
a floor of a
body of water, the apparatus comprising:-

moving means for moving the apparatus relative
to a floor of a body of water; material removing
means for removing nodular material from the
floor of the body of water;

connector means adapted to be connected to a
conduit to enable said removed nodular material
to be transported to a vessel on the surface of
the body of water; and

an apparatus for separating nodular material
from non-nodular material according to any one
of the preceding examples.

13. An apparatus for removing material from a floor
of a body of
water, the apparatus comprising:

first moving means for moving the apparatus
substantially vertically relative to afloor of a body
of water;

second moving means for moving the apparatus
substantially horizontally relative to the floor of
the body of water;

material removing means for removing material
from the floor of the body of water; and
connector means adapted to be connected to a
conduit to enable said removed material to be
transported to a vessel on the surface of the
body of water.

14. An apparatus according to example 13, wherein
the first moving
means comprises at least one thruster.

15. An apparatus according to example 13 or 14,
wherein the second
moving means comprises at least one thruster.

16. An apparatus according to any one of examples
13 to 15,
wherein the second moving means comprises a plu-
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rality of tracks.

17. An apparatus according to any one of examples
13 to 16,

further comprising buoyancy means for reducing the
weight of the apparatus in water.

18. An apparatus according to any one of examples
13t0 17,

further comprising containment means for contain-
ing said removed material prior to transport thereof
to a vessel.

19. An apparatus for removing nodular material from
a floor of a body of water, the apparatus comprising:

moving means for moving the apparatus relative
to a floor of a body of water;

material removing means for removing nodular
material from the floor of the body of water; and
connector means adapted to be connected to a
conduitto enable said removed nodular material
to be transported to a vessel on the surface of
the body of water; wherein the material removing
means comprises at least one inlet and floor en-
gaging means for engaging the floor of the body
of water, wherein the floor engaging means
comprises a plurality of protrusions adapted to
be arranged forwards of at least one said inlet
in a direction of travel of the apparatus and to
extend substantially in a direction of travel of the
apparatus.

20. An apparatus according to example 19, wherein
the protrusions comprise a plurality of tines.

21. An apparatus according to example 19 or 20,
further

comprising at least one first aperture arranged rear-
wards of at least one said inlet in a direction of travel
of the apparatus for allowing nodular material to pass
therethrough.

22. An apparatus according to any one of examples
19 to 21, further comprising separator means ar-
ranged adjacent at least one said inlet for separating
nodular material from non-nodular material of the
floor of the body of water.

23. An apparatus according to example 22, wherein
the separator means includes at least one surface
inclined in use relative to the floor of the body of water
and having at least one second aperture there-
through for enabling non-nodular material to pass
therethrough and preventing said nodular material
from passing therethrough.

24. An apparatus according to any one of examples
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19 to 23, further comprising suction means for re-
moving nodular material from at least one said inlet.

25. An apparatus according to example 24, wherein
the suction means is adapted to reverse the direction
of flow of water therethrough.

Claims

An apparatus for removing nodular material from a
floor of a body of water, the apparatus comprising:

- moving means for moving the apparatus rela-
tive to a floor of a body of water;

- material removing means for removing nodular
material from the floor of the body of water;
wherein the material removing means compris-
es at least one inlet and, floor engaging means
for engaging the floor of the body of water,
wherein the floor engaging means comprises a
plurality of protrusions.

An apparatus as claimed in claim 1, wherein the plu-
rality of protrusions are:

a) adapted to be arranged forwards of at least
one said inlet in a direction of travel of the ap-
paratus and to extend substantially in a direction
of travel of the apparatus; and/ or,

b) tines.

An apparatus as claimed in either claim 1 or 2 where-
in the material removing means comprises:

a) at least one surface inclined in use relative to
the floor of the body of water; and/ or,

b) at least one aperture; and/ or,

c) a separator.

An apparatus as claimed in any preceding claim
wherein the at least one surface inclined in use rel-
ative to the floor of the body of water:

a) Inclines relative to the floor of the body of wa-
ter in direction opposite the direction of travel;
and / or,

b) inclines in direction towards at least one inlet;
and / or,

c) inclines in direction away from the direction
of travel in use.

An apparatus as claimed in any preceding claims
wherein the plurality of protrusions are adapted to
be arranged forwards of at least one said inlet in a
direction of travel of the apparatus and to extend
substantially in a direction of travel of the apparatus.
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An apparatus as claimed in any preceding claims
wherein at least one of the plurality of protrusions
comprise at least one notch on the upper surface of
the said at least one of the plurality of protrusions.

An apparatus as claimed in any preceding claims
wherein the at least one surface inclined in use rel-
ative to the floor of the body of water, comprises at
least one notch on the upper surface of the at least
one surface inclined relative to the floor of the body
of water.

An apparatus as claimed in either claim 6 or 7 where-
in at least one of the notches extends across the
entire width of at least one of the plurality of protru-
sions

An apparatus as claimed in any one of claims 6, 7
or 8 wherein the at least one notch comprises:

a) avertical side when orientated in use; and/ or,
b) a V shape when viewed in a cross-sectional
view across the longitudinal axis.

An apparatus as claimed in any preceding claims
wherein the apparatus further comprises a water jet.

An apparatus as claimed in claim 10, wherein the
water jet comprises at least one outlet and wherein
at least one outlet of the water jet is configured to be
directed:

a) towards an inlet of the apparatus; and/ or,
b) upwards relative to the floor of the body of
water; and/ or,

c) backwards away from the direction of travel.

An apparatus as claimed in any one of claims 6 to
11 wherein at least one notch comprises atleastone
outlet of a water jet.

An apparatus as claimed in any one of claims 1 to
12 where at least one protrusion of the plurality of
protrusions, or tines, comprises a conduit wherein
the conduit is in fluid communication with a source
of water of a water jet, and in communication with
an outlet of a water jet.

An apparatus as claimed in any preceding claim
wherein the moving means is a vehicle.

A method of separating nodular material from non-
nodular material comprising the steps of:

engaging the floor of the body of water with a
separator wherein the separator comprises a
plurality of protrusions;

moving the separator, at an inclined angle rela-
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tive from the floor of the body of water, through
a portion of the floor of a body of water such that
the plurality of protrusions protrude in a forward
direction to the direction of travel; whereby the
forward movement of the separator through the
floor of the body of water pushes the nodular
material up the inclined upper surface of the sep-
arator towards an inlet, wherein the inlet is in
communication with a container, further com-
prising the step of moving the nodular material
along the plurality of protrusions towards aninlet
by using a water jet.
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