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SEAFLOOR HAULAGE SYSTEM

FIELD OF THE INVENTION

[0001] The invention relates to a haljlage_ system preferably a seafloor
haulage system operaﬁng underwater. In particular, the invention relates, but is

not limited, to a mechanical seafloor haulage system with guided containers

BACKGROUND TO THE INVENTION

[0002] Reference to background art herein is not to be construed as an
admiss-ibrn that such art constitutes common general knowledge.
[0003] - In Various locations in the oc;ean valuable seafloor mate.rials, suchas.
sulphide precipitates or polymetallic nodules, exist in a surface layer on the
seafloor at water depths of between around 300 to 6,000 metres, often around
5,000 metres.
[0004] There have been vari‘ousr a;-ttempts to develop commercially viable
mining systems that collect and th‘en convey the nodules from the seafloor.
Onerimportant aspect of seaflbor mining systems relates to haulage systems
that raise collected seafloor rhaterial to fhe surface! One of the kéy factors
affecting operational costs, and "hén,ce commercial vvi,ability," is energy
consumption,} particularly in relation to hauling seafloor rhaterial from the -
seafloor to the surface. |
[0005] One haulage system design is to hydraulicaliy haul seafloor materials
u_sing‘s_omé form of riser which pumps seafloor material from tﬁe seafloor to a

surface vessel or platform. In one such design, a riser is provided which.



WO 2015/178853 PCT/SG2015/000128

-2-
contains and cbn’veys a fluid with susbended'nﬁinerals therein. The riser
material is typically transported in slurry form via subsea pumps and/or
compressed air injected into the riser. o

- [0006] - Although fun'ctionakl, these systems are energyinefficieht, particularly
the airlift systems where _thermajority of the energy loss is a result of slippage of
solid particles downwards through the ﬂuid column. Furthermore, as the
seafloor materials are lifted in slurry form, they need to be dewatered at the
surface requiring further processing and equipment.

[0007] Mechanical haulage Systems that lift cbntainers by acable, suchasa
single drum hoist, double drum hoist or friction (Koepe) hoist as used in some
underground terrestrial mines,-have potential to be considerably more energy
efficient. In terrestrial mines cable driven storage bins or skips winch loads of
material to the surface, and make use of a plurality of guiderails to keep the
storage bins in alignment. HoweveE, when applied underwater over long
distances the added complexity required to compensate for the absence bf a
rigid support structure, uSing guide wires for example, thése designs potentially
suffer from serious entanglement and deployment issues.
[0008] - Particularly, several additional guidewires are réquireq to be located
between a éurfacé vessel and an anchor location at or near the éeaﬂoor. Orver_

' lohg distances UhdenNatefwith vérying water cufrents the potential for the wires
to‘twist or tangle or for two or more bins to collide is very high. ‘The risk of

' twisting or tangling, particularly when further cables are providéd for other
seafloor infragtyucture (e.9. aﬁ umbili;:al for seafloor operations), is typically

“considered to be prohibitively high.
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[0009] Addiﬁonally, in terrestrial app'licatrions the haulage systems are |
typically in a fixed location for the life of"the mine. [n seafloor mining operations

' fhe haulage system needs to be rﬁoved frequently or continuously in order to be
able to collect seafloor méterials, such as manganese nodulés, over a very
large area. Lateral drags and/or raising or lowering of the system caused by
such movement further increase the likelihood of tangling of the wires or
collision of the bins. V
-[0010] Some mitigating procedures have been considered but they all have
significant operational downsides. For example, one approach to reduce the
likelihoad of collisions is to slow the bins down during intervals of overlap, but‘
this slowdown reduces the operatin.g efficiency' of the system. Another
approach isrto enclose the bins in tubes or pipes, but in addition to the
constructions required this effectively creates a pumped system, creating large
frictional energy losses caused by the entrained fluids and the surrounding
structures. Additional guide wires in an to attempt to exert lateral control from
thé surface vessel has also been considered, but this significantly increases - |

- compléxity gf the system and leads to higher risks of Operational‘downtime and

additional maintenance requirements.

OBJECT OF THE INVENTION

[0011] It is an aim of this invention to provide a seafloor haulage system
which overcomes or ameliorafes one or more of the disadvantages or problems

described above, or which at least provides a useful alternative.
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[0012] Other preferred objects of the present invention will become apparent from the

following description.

SUMMARY

[0013] In one aspect, there is provided a seafloor haulage system for lifting seafloor
materials from the seafloor to the surface, the seafloor haulage system comprising:

at least one line member that extends at least partially between the seafloor and
the surface: and

at least one container capable of carrying a load, the container being connected
to the line member;

wherein the container has a steerable element that enables the container to
manoeuvre as it is propelled through the water.
[0014] Preferably the steerable element comprises at least one adjustable surface. The
steerable element may comprise a rudder, flap, and/or at least one adjustable hydrofoil.
Preferably the steerable element is controlled to guide the container along a path. The steerable
element may be controlled remotely but is preferably controlled autonomously. Preferably the
steerabie element is controlied by actively trimming the steerable element.
[0015] Preferably the container is a skip. Preferably the container further comprises a
position determination system, even more preferably an inertial navigation system that provides
a position estimate based on inertial measurements. Alternatively, the position determination

system may include magnetic compass, attitude, and/or depth sensors, with potential additional
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input from acoUstic navigation equipment such as Ultra Short Base Line
systems. Preferably the steerable element is controlled with respect to the
position estirﬁate from the .position determination system. Preferably the
container is programmed to follow a predetermined path. |
- [0016] The line member mayibe made of cable, rope, or wire. Preferably,

the line member is made of rope, even more preferably synthetic rope, even
more preferably two synthetic ropes running parallel so to spread load and
reduce the consequences of failure of a single rope. The line member may be
integral or may comprise a plurality of line member segments that collectively
define the line member. Preferably at least some of the line member segments
are connected via e container.
[0017]  ~ Preferably the line member extends from a first surface location
located towards or at the sur‘faceto a deep sea location located towards or at
the seafloor. Preferably the line member further extends from the deep sea
location located towards or at the seafloor to a second surface Iocatien located
towards or at the surface. Pfefe'rably fhe first surface location and the second

. surface location are located subetantially the same distance from the deep sea |
location. Preferably the first surface location and the second surface location
are located at substantially the same level with respect to eea level. Preferably '
the first s_u.rface location and the seeohd surface location are located on

~ opposite ends or sides of a surface vessel, e.g. ship or boat or other type: of

' floating device.
[0018] Preferably the Iine.member is received by' a sheave at or near the

first surface location, the second surface location, and/or the deep sea location.
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-Preferably the é.ystem further comprises at teast one drive element that pulls |
on the line member. Preferably t»f"le drive element includes a winch that
receives at least a‘portion of the line member. Preferably the winch comprises -
a rotatable spool around whidh the Iiné member can be wound.

[0019] . Preferably the system comprises two winches, preferably in a double )
drum configu}ation. Preferably the winches are configured such that potential
energy from a down-going container can be recovered by an up-going
container. Preferably a first winch is located adjacent the first surface location
and the second winch is located adjacent the second surface location. -
Preferably the first and second winches are located above the surface, butthey
could be located below the surface. Preferably the line member extends from
the first winch to the second winch. Preferably as the line member is wound
onto one winch itis unwbund from the other winch. t’referably the line member .
is under tension between the two winches, preferably via a sheave located at or
near the deep sea location. |
'[00201 Preferably the line member extends from the first winch to the
second winch, preferably via a sheavé at or near the first surfacé location, a

| sheave at or near the deep sea location, and/or a sheave at or near the second

surface Iocat|on Preferably a flrst contamer is connected to the line member
between the first surface location andethe deep sea location, and preferably a
second container is connected to the line member between the second surface
location and the deep sea location. Preferably the first container and .second

container are spaced apart on the line member such that when one containeris
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located at or neér the deep sea location the other container will be located ator -
near its respective surface location.

[0021] Preferably the system further compriseé a counterweight. Preferably
the counterweight is located at or near‘the deep sea location. Preferably the
counte‘rweight is configured td eﬁsure that the buffer is statically stable and
resists the tendency to overturn. Preferably the system further comprises a
buffer. Preferably the buffer is located at or near the deep sea location.
Preferably the counterweight is connected to the buffer.
Preferably the buffer is suspended above the seafloor. Preferably the buffer is
suspended above the seafloor by a buffer line extendi_ng‘from at or near the
surface. Preferably the buffer line is an umbilical cable which provides services,
such as power and/or data transfer, to the buffer énd/or seafloor machines.
[0022]  Preferably the buffer has a storage compartment for storing gathered
seafloor materiéls. Preferably the buffer has at least one inlet for receiving
gathered seafloor materials and at least one outlet for dispensing gathered
seafloor materials. Preferably the inlet is connected to an inlet pipe, preferably
a slurry hose inlet pipe. Preferably th.e outlet or outlets compriées a chute or
- chutes. Preferably the chutes selectively release seafloor materials when ‘_
| actuéted. The chutes méy, have dosers to dispenée a predetermined quantity
_of seafloor materials when actuatéd. |
[0023] The buffer preférably compfi‘ses thrusters. Preferably the thrustefs
actively control orientation, preferably azimuthal orientation _reIatiVe to a surface |
- vesSéI,,preferably configuréd to counteract twisting of the subsea rigging. The

- buffer preferably comprises a seafloor processing system. Preferably the
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seafloor processing system separates desirable seafloor materials, such as noduies, from
slurry.

[0024] The container may ftraverse the line member, but preferably the container is
affixed to the line member and is propelled by being towed by the line member. Preferably the
container is affixed to at least two segments of the line member, a first line member segment for
towing the container in a first direction and a second line member segment for towing the

container in a second direction.

[0025] Preferably the seafloor haulage system further comprises a surface vessel.
Preferably the at least one winch is mounted fo the surface vessel. Preferably the line members
are supported in the water by the surface vessel. Preferably a plurality of line members,
preferably with respective winches, containers and/or buffers, are arranged in parallel from the
surface vessel. Preferably the seafloor haulage system further comprises at least one seafloor
material collection apparatus. Preferably the at least one seafloor material coliection apparatus

is connected by a seafloor material transfer pipe to the buffer.

[0026] In another aspect, there is provided a container for hauling seafioor materials
from the seafloor to the surface, the container comprising:

a line member attachment assembly;

a cavity for carrying a load of seafloor material; and

at least one steerable element that enables the container to manoeuvre as it is

propelled through the wafter.
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[0027] in yet another aspect, there is provided a method of hauling seafloor materials
from the seafloor to the surface, the method comprising the steps of:

gathering seafloor material;

transferring gathered seafloor material to at least one container located at or near
the seafioor;

guiding the container from at or near the seafloor to at or near the surface using
at least one steerable element; and

unloading the container to a surface vessel.
[0028] Preferably the step of gathering seafloor material comprises operating at least
one seafloor material collection apparatus to gather seafioor materials. The gathered seafloor
materials are preferably transferred from the at least one seafloor material collection apparatus
via a pipe, preferably in slurry form.
[0029] Preferably the step of transferring gathered seafloor material to at least one
container located at or near the seafloor further comprises the step of transferring the gathered
seafloor material to a buffer located at or near the seafloor and then dispensing gathered,
seafloor material from the buffer to the at least one container. The method may further comprise
the step of processing the incoming seafloor material, preferably by separating desirable
seafloor materials, such as seafloor nodules, from incoming slurry, at the buffer.
[0030] Preferably the step of guiding the container from at or near the seafioor to at or
near the surface comprises controliing the at least one steerable element. Preferably the
container is autonomously controlled. Preferably at least two containers are provided and as

one container travels
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towards the surface the other container travels towards the seafloor. Preferably the two
containers are connected by a single line member. Preferably each container is guided to avoid
collision with the other container as they pass each other, preferably by controlling the at least
one steerable element. The method preferably comprises simultaneously guiding a first
container towards the surface and a second container towards the seafioor.
[0031] The step of unloading the container to a surface vessel preferably comprises
releasing the contents of the container into an unloading bin located at or near the surface
vessel.
[0032] Preferably the method further comprises the step of towing the container with a
line member. Preferably the step of towing the container with a line member comprises
actuating a winch that winds the line member onto a spool. Preferably the line member is
connected between two winches, preferably via a sheave at a deep sea location, and is
simultaneously unwound from a first winch as it is wound onto the second winch to tow the
container in a first direction, and is unwound from the second winch and wound onto the first
winch to tow the container in a second direction. Preferably a first container travels between the
first winch and the sheave located at or near a deep sea location and a second container travels
between the second winch and the sheave located at or near a deep sea location.
[0033] Further features and advantages of various embodiment will become apparent

from the following detailed description.
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'VBRIEF DESCRIPTION OF THE DRAWINGS

[0034] By way of example only, preierred embodiments of the inven_ti_on will
bc described more fully hereinafter with reference to the accompanying figures, |
wherein: . |
[0035] Figure 1is a pérspective view of a seafloor haulage sysiem;
[0036] Figure2isa diagrammatic s'ide elevation representation of a seaﬂoor
haulage system;
[0037] Figure 3 is a diagrammatic side elevation representation of a buffer;
- [0038] Figure 4 is a diagrammatic side elevation representation of a
container; and _
[0039] Figure 5 is a close-up perspective view of a buffer unloading material

into a container.

DETAILED DESCRIPTION OF THE DRAWINGS

[0040] Figure 1 illustrates a seafloor haulage system 10 comprising a |
surface vessel 100, two buffers 200 located near, but suspended abové, the
seafloor, two seafloor material collection apparatus 300, and two (or four) -
containers 400 with a cavity therein tc carry a load of seafloor material. The
surface vessel 100 hac Winches 110 and sheaves 120 which are angaged with
lines members 150. Winches 110 are prefevrably in "Ehe form of hydrograpiiic or
drum winches which may include heave compensation cystems. ‘

[0041] Ciontainers 400 are preferably skips. Each container 400 is
connected to a respective line membei 150. Each seafloor material collection

apparatus 300 is connected via flexible pipe in the form of a slurry hose 310 to
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a buffer 200. VAIthough not shown in Fig 1, it is preferable for the buffer to have
its own power, control and communication umbilical cable. Power, control, and
communicat-ion is then also provided to the seafloor material collection .
apparatus 300 from the buffer 20.0. Alternatively, the seafloor material
collection apparétus 300 could be powered and/or controlled using umbilicals
from another entity (e.g. the surface vessel 100). Although one seafloor
collection apparatus 300 is shown per buffer 200, it will be appreciated that
each buffer 200 could be connected to multiple seafloor collection apparatus
300 or multiple seafloor collection apparatus 300 could be con’neqted to a single
buffer 200. ,

- [0042] Figure 2 illustrates further details of haulage éystem 10. As seenin
figure 2 buffer 200 is suspended by a buffef line 210 which is preferably in the
form of an umbilical cable providing power, control, and/or data
communications to the buffer 200 frorp the surface véssel 100 (not shown in
figure 2) via a buffer winch 112.. The buffer 200 is weighted by a coUntenNeight
220} at a deep sea location 30 located towards, preferably near, the seafloor.
[0043]‘ A line member 150, which is preferably made substantially of

| synthetic rope, extends from a first surface location 20a down to the deep sea
location 30 and back up to a second‘ éurfacé‘ I‘ocatio.n 20b which is located
adjacent the first surfa'cé location 20a. | Specifically, the Iiné member.150
extends from a first winch 110a to a first surface sheave 120a to a deep sea
shea}ye 130 located adjacentmthe buffer 200 to a second surface sheave 120b

" to a second winch 110b. The winches 110a, 110b and surface sheaves 120a,

120b are typically located on the surface vessel 100 (és shown in figure 1).
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[0044] . A firet container 400a is located between the first surface sheave
120a and the deep sea sheave_(130.i A second container 400b is located

" between the second surface sheave 120b and the deep sea sheave 130. The
first.container 400a and the second centainer 400b are. connected to the same
line member but on opposite sides of the deep sea sheave 130. The two
winches 110a and 110b are arranged such that as one winds wire onto its
respective spool the other unwinds‘V\‘/ire from‘ its respective spool, and vice
versa. The first eontainer 400a and second container 400b are each affixed to
the line member 150 by a line member attachment assembly such that
connects the containers 400a, 400b between two adjacent segments of the line
member 150. :
[0045] A first unloading bin 140a and a second unloading bin 140b are
located at the first surface location 20a and second surface location 20b,
respectively. The first unloading bin 140a and second unloading bin 1>40b are
both configured to receive material from the first container 400a and the second
container 400b, respectively, when their respective container 4ooé, 400b is
alongside. The unloading bins 140a, 140b may have a large sterage capacity,

- possibly a shared sterage capacity, or may transfer the seafloor materials to
one or mo're rsilos of the surface vessel 100 for storage. | ‘

- [0046] Figure 3_illustrates a buffer 200 suspended by buffer .Iinev210 end
weighted down by counterweight 220. The buffer 200 has azimuth thrusters
230. AIthoegh the thrusters 230 are illustrated as extending from the

counterweight 220; it will be eppreciated that they could also be located on
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 other parts of th.e buffer 200. The thrusters 230 server to proVide azimuth and
lateral manoeuvrability of the buffer 200.
[0047] | In‘ particular, the thrUsters" 230 can be used to actively contrql

| orientation of the buffer 200, primarily azimu‘thal orientation relative to the -
surface vessel 100 This enables the buffer 200 to maintain correct orientat.ion
relative to the surface vessel to prevent any entanglemeht cause by twisting of
any of the lines (e.g. line member 150, buffer line 210, and any other lines
extending from the surface vessel 100). The thrusters 230 of the buffer 200 are
preferably controlled autonomously or remotely from the surface vessel V1 00.
[0048] Figure 4'illustrates a container 400 connected betweeh a first
segment 150a and a second segment 150b of the line member 150. The
container 400 has steerable elements in the form of adjustable flaps 410 which
enable the container 400 to manoeuvre as it is pulled. through the water by the
lines m;embers. The container 400 is programmed to autonomously or via
remote control to direct the container 400 on a path that avoids entanglement or
coIIision with an'y lines or ofher contéiners operating in the area as itis pulled by
the line member 150. . |
.[0049] ~ The container 400 has a position determination system, preferably in
the form of an inertiél ha\)igation system, that prdvides control'systems for the
conté.ivnér 400 with pbsitidn'estimates. The position determination system
preferably includes a. plurality of sensors‘inclu(ding at least one or more of,
heading, pitch, roll, position and depth sehso'rs. ‘The flaps 410 are then
trimmed with respect to the pdsition estimate and sensor outputs to direbt the

container 400 along a substantially predetermined path.
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[0050] The container 400 preferably has a power storage system, typically
including a battery, which provides the necessary power for control systems and
fhe adjustable flaps 410 to be trimmed; Preferably the power storage systemis
interceangeeble or chaf’ged when the container 400 is located at its surface v
position 20a, 20b. Alternatively, with an appropriate line member 150 the
‘container 400 could be powered and/or controlled from the surface vessel 100
via the Iihe member 150.
[0051] The container 400 is preferably connected to two line members 150
above a*nd two line members below (e.g. in a Blair multi-rope config'uration ofa
double drum hoist system). The two line members 150 above the container
400 allow the container 400 to be azi)muthally oriented, without the need for
hydrodynamic steering, when the container 400 slows down as it approaches
the unloading bin of the surface vessel 1_00. Likewise, the two line members
150 below the container 400 allew the container 400 to be azimuthally oriented,
without the need for hydrodynamic steering, when the cont.ainer 400 slows
down as it appfoaches the buffer 200 "near the seafloor.

- [0052] Figure 5 illustrates a close up view of a buffer 200 when unloading |
seafloor materials .into a container 400.‘_ Buffer 200 has ah inlet 202 thaf

" receives gathered seafloor materials frdm seafloor ce(llection apberatus 300 via
slurry hose 310. The gethered seafleor materiel,s are then stored in storage

~ compartment 204 of the buffer 200 ready to be unloaded to a container 400. -
The sforage compartment 204 preferably has a capacity sufficient to at least
fully load a single'eontainer 400 without having te wait forfunhe'f materials to be

received over slurry hose 310. The seafloor material contained in storage
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compartment 204 of the buffer 200 assists the counterweight 220 (not shown in .
figure 5) to weigh the buffer 200-down in the water. The counterweight 220 (not

- shown in figure 5) located below the sheave 130 aséists to wéigh the buffer 200
down and also acts to prevént overtur‘ning of the buffer 200.

[0053] When container 400 is located at deep sea location 30 as illustrated
in figure 5 the seafloor materials are transferred from the storage compartment
204 of the buffer 200 to: the container 400 via outlet 206 of the buffer 200.
Outlet 206 of the buffer 200 is located at ‘an upper end of the storage
compartment 204 to enable gravity feeding of the storage mai;fials down chute

- 208. Alternatively, or additionally, the seafloor materials may be urged toward
the container 400 using an ‘appropriateu mechanism such as, for example, an
Archimedes screw feeder. _

[0054] - Chute 208 is preferably actuated to open outlet 206 when the -
container 400 arrives to the deep sea location 30 (as shown in figure 5) and to
close outlet 206 when the container 400 leaves the deep sea location 30 to
prevenf loss of seafloor materials from inside the storage compértmenf 204,
Chute 208 may be actuated by any suitable means such as ‘mechanically or
hydraulically by the storage container 400 or electronically either automatically
or via control from the surface Véssel 100. -

[0055] As éhown ih figure 1, the seafloor haulage system 10 can be
expanded from a single line member 150 system (as shown in figure 2) té have

i multiple line members 150 (e.g. two adjacent line members 150 as shown in

figure 1) working adjacent each other, each with respective containers 400 and
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buffers 200. Larger arrays of line members" 150 with associated containers 400
and buffers 200 could also be used to scale the system as needed.
[0056] In use, seafloor materials are gathered by seafloor collection
apparatué 300 and,pu'mped in slurry form over slurry hose 310 to the buffer
200. The buffer 200 may optionélly process the received seafloor material, and :
collects the gathered seafloor material in terhporary storage compartment 204.
First container 400a is lowered to the buffer 200 by actuating second winch
110b which puils the first container 400a via the line member 150. Once the
first container 400a arrives at the buffer 200, gathered seafloor material is
-transférred from the buffer 200 to the container 400a.” Once Vthe buffer 200 has
dispensed the required seafloor material, the first container 400a is pulled, via
line member 150, back to the surface by actuating the first win.ch 110a.
[0057] As the first winch 110a is actuated the second container 400b is
simultaneously pulled down, via line member 150, to the buffer 200. The first
container 400a and second container 400b are spaced apart on the line
member such that when the first container 400a is at the surface the secdnd

| container 400b is at the buffer 200 ahd vice versa. Once the first container
400a arrives at the surface and the second container 400b arrives at the buffer

| th'e‘ first container then unloads the seafloor material to the surface v.essély100 ‘

via unlloading’ bin 140a. At, or at Ieas@ éround, the same time, the buffer 200
transfers gathered seafloor material fo the second container 400b. Second
container 400b is ﬁhgn pulled. the surface to second unloading bin 140b, which
in turn pu]ls first container 400a back down to thr-e buffer 200, and the process

repeats.
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[0058] - Adva'ntageously the - seafloor haulage system 10 provides a
mechanical haulage system that is energy efficient compared to hydraulic iiser 7
systerhs while also reducing the likelihood of entanglement of svbsea lines or
collisien of p_eseingf con’taihers. Furthermore, it is easily relocatable by raising

the deep sea compone-nts towards the surface, moving them to a new location,
and then lowering them at the new location. This reduces relocation costs and
set up times which ultimately increases productivity as the seafloor mining
system covers large areas of the seafloor.
[0059] While the figures illustrate tiie distance between the surface and the
seabed as being relatively close, this is for convenience only and it will be
appreciated that the present invention will typically be used in deep sea
applications where the seabed is over 2,000m, typically around 5,000m, deep.
References herein to the seafloor, ﬁseabed, sebsea, or the like are for
convenience only and could equally be applied to other bodies of water such
as, for example, a lake with a lakebed, etc. - |

, [0060] In this specification, adjectives such as first and second, left and
right, top and bottom, and the like rhay be used solely to distinguish one
element or action from another eieme‘nt or action without necessarily-requiring
or implying eny actual sUch relationship or order. Where the context!per‘n’tits,‘.
reference to an integer or rar‘eompohent'or step (or the like) is not to be

" interpreted as being limited to only one of that intege\r,‘ component, or step, but
rather could be one or mo.re ef that integer, combonent,,or step etc. .
[0061] The above description Qt various embodiments of the present

~ invention is provided for purposes of description to one of ordinary skill in the ~
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related art. Itis not intended to be exhaustive orto limit the invention to a single
disclosed embodiment. As mentioned above, numerous alternatives and
variationsﬂto the present invention will be apparent to those ski}IIed in the art of

'the above teaching. VAcc'ording‘Iy, whfle some alternative embodiments have
been discussed specifically, other embodiments will be apparent or relatively
easily developed by those of ordihary skill in the art. The invention is intended
to embrace all alternatives, modifications, and variations of the present
invention that have been disqussed herein, and other embodiments that fall

~ within the spirif and séope of the above described invention.

[0062] In this specification, the terms ‘comprises’, ‘comprising’, ‘includes’,
‘including’, or similar termé are intended to mean a non-exclusive inclusion,
such that a method, system or apparatus that comprises a list of elements does
not include those elements solely, but may well include other elements not

listed.
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CLAIMS:

1. A seafloor haulage syste}m for lifting seafloor materials from the
seafloor to the surface, the seafloor haulage systém comprising:
at least one line member that extends at least partially between
the seéfloor and the surfacé; and
at least ohe container capable of carrying a load, the container
beihg connected to the line merﬁber; |
wherein the container hgs a steerable element that enables the

container to manoeuvre as it is prop'elled throUgh the water.

2. The seafloor haulage system of claim 1, wherein the steerable

element comprises at least one adjustable surface.

3. The seafloor haulage'system‘of claim 1 or 2, wherein the
steerable element comprises a rudder, flap, and/or at least one adjustable

hydrofoil.

4, The seafloor haulage system of any one of the preceding claims, -

~ wherein the steerable element is controlled to guide the container alohg a path.

5, The seafloor haulage syétem of any one of the preceding claims

wherein the steerable element is controlled autonomdusly.
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6. The seafloor haulage system of any one of clairhs 1 to 4, wherein

the steerable element is controlled remotely.

7. The seafloor ﬁadlagé,é,ystem of any one df the preceding claims,
wherein the steerable element is controlled by actively trimming the steerable

element.

8.  The seafloor haulage system of any one of the preceding claims,

wherein the container is a skip.

9. The seafloor haulage System of any one of the preceding claims,

wherein the container comprises a position determination system.

" 10.  The seafloor haulage system of claim 9 wherein the position
_determination system comprises an inertial navigation system that provides a -

“position estimate based on inertial measurements.

11.  The seafloor haulage system of claim 9 or 1’0, wherein the
position determination system includes maghetic compass, attitude, andfolr

depth sensors.

12.  The seafloor haulage system of any one of claims 9 to 11,
wherein the position deterrhination system includes ihput from acoustic

navigation equipment.
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13.  The seafloor haulage system of any one of claims 9 to 12,
wherein the steerable element is controlled with respéct to the positibn estimate .

from the pos'itioh determination system.

14.  The seafloor haulage system of any one of the preceding claims

wherein the container is programmed to follow a predetermined. path.

15.  The seafloor haulage system of any one of the preceding claims,

wherein the line member is made of cable, rope, or wire.

16. The seafloor haulage system of claim 15, wherein the line
member is at least substantially made of synthetic rope.
17..  The seafloor haulage system of claim 16, wherein the line

member comprise two synthetic ropes runni'h'g parallel.

18.  The seafloor haulage system of any one of claims 15 to 17,

wherein the line member is integral.

19.  The seafloor haulage system of any one of claims 15 to 17,
wherein the line member comprises a plurality of line member segments that

collectively define the Iine'member. )
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20. The seafl’oor‘haulage system of claim 19, wherein atleast some

of the line member segments are connected via a container.

21.  The }seaﬂdor haulage system Qf anyone of the précédihg claims,
wherein the line member extends from a first surface Iocatiqn located towards

or at the surface to a deep sea Iocatio'n located towards or at the seafloor.

22. The seafloor haulage system of claim 21, wherein the line
member further extends from the deep sea location located towards or at the

seafloor to a second surface location located towards or at the surface.

23.  The seafloor haulage system of claim 22, wherein the first surface
location and the second surface location are located substantially the same
distance from the deep sea location and at substantially the same level with

respect to sea level

24.  The seafloor haulage system of claim 22 or 23, wherein the first
surface location and the second surface location are located at opposite ends

or sides of a surface vessel.

25.  The seafloor haulage system of any one of claims 22 to 24,
wherein the line member is received by'a sheave at or near the first surface

| Iocafion, the sécond surface location, and/or the deep sea location.
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26.  The seafloor haulage system of any one of the preceding claims,

further comprising at least one drive element that pulls on the line member.

27. = The seafloor haulage system of claim 26, wherein the drive -

element includes a winch that receives at least a portion of the line member.

28. The seafloor haUIage system of claim 27, wherein the drive
element comprises two winches arranged in a double drum configuration such
" that potential energy from a down-going container can be recovered by an up-

going container. .

29. The seafloor haulage system of claim 27 or 28, wherein a first
winch is located adjaceht a first surface location and the second winch is
located adjacent a second surface location and the line member extends under
tenéion from the first winch to the second winch via a sheave located at or near

a deep sea location.

30.  The seafloor haulage system of claim 29, wherein the line
member extends fr'bm the first winch fo the second winch via a sheave at or
near the first surfaceu location, a sheave at or near the deep sea location, and a

sheave at or near the second surface location.

31. 'The seafloor h.a.ulage system of claim 29 or 30, wherein a first

container is connected to the Iine member between the first surface location -
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and the deep s‘ea location.and a second container is connected to the line

member between the second surface location and the deep sea location.

32.  The seafloor haulage system of claim 31, wherein the first
container and second container are spaced apart on the line member such that
when one container is located at or near the deep sea location the other

container will be located at or near its respective surface location.

33, The seafloor haulage system of any one of the preceding claims

further comprising a buffer'located at or near a deep sela location.

34.  The seafloor haulage system of claim 33, further comprising a

counterweight connected to the buffer.

35.  The seafloor haulage system of claim 33 or 34 wherein the buffer
is suspended above the seaﬂoor by a buffer line extending from at or near the

surface.

36. The seafloor hadlage system of vény one 6f claims 33 to 35,
wherein the buffer hés: ': -' |
a storage compartmént for storing garlthered’ seafloor maferia|s;

atleastone inlef conhected to an inlet pipe for feceiving gathered

seafloor materials; and
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at least one outlet comprising a chute selectively release seafloor
materials when actuated for dispensing gathered seafloor materials from the

buffer.

37.  The seafloor haulage system of claim 36, wherein the chutes have |
dosers to dispense a predetermihed quantity of seafloor materials when

actuated.

38.  The seafloor haulage system of any one of claims 33 to 27, |

wherein the buffer comprises thrusters.

39. The seafloor haulage system of claim 38, wherein the thrusters

actively control orientation of the buffer relative to a surface vessel.

40. The seafloor haulage system of any one of claims 33 to 39,
wherein the buffer comprises a seafloor processing system that separates

desirable seafloor materials from slurry.

41. A contéingr for hauling seafloor materiais frOrh the seafloor to the
surface, the container comprising: '
a line member attachment assembly;
é cavity for carrying a load of seafloor materiai: and
| at-Ieast.one steerable elem'ent fhat enables the contéiner to

manoeuvre as it is propelled through the water.
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42. A kmethod of hauling seafloor materials from the seafloor to the -
surface, the method comprising th/e steps of:
gathering seafloor material;.
 transferring gathered seafloor material to at least one container
located at or near the seafloor;
guiding the container from at or nearthe«seafloc}‘)rto atornearthe
surface using at least one steerable element; and

unloading the container to a surface vessel.

43. The method of claim 42, wherein the step of gathering seafloor
material combrises operating at least one seafloor material collection apparatus

to gather seafloor materials.

44. The method of claim 42 or 43, wherein the gathered seafloor
materials are transferred from the at least one séafloor material collection

/ apparatus via a pipe -in slurry form.

45.  The method of any one of claims 42 to 44, wherein the step of
transferring gathered’seafloor matefial to at least one container located ‘at or
near the seafloor further comprises "the step of transférring the gathererd’
seafloor material to a buffer located at or near the seafloor and then dispensing

gathered seafloor material from the b‘u'ffer to the at least one container.
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46. The method of claim 45, further cbmprising the step of processing
the incoming seafloor material, by separating desirable seafloor materials from

incoming slurry, at the buffer.

47.  The method of any one of claims 42 to 46, wherein the step of
guiding the container from at or near the seafloor to at or near the surface

comprises controlling the at least one steerable element.

48.  The method of any one of claims 42.to 47, wherein at least two-
containers are provided and as one container travels towards the surface the

other container travels towards the seafloor.

49. The method -of claim v48, wherein the two containers are
connected by a single line member and each container is guided to avoid

collision with the other container as they pass each other.

50. .  The method of any one of claimé 42 to 49 further comprising the
step of towing the container with a line membe_r connected bétween two -
winches via a sheave at a deep sea location such that the line member is
simultaneously unwound from a first winch as it is wound "ontd the second Winéh
to tow the container in a first direction, and is unwound from the second winch

- and wound onto the first winch to tow the container in a second direction.



