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e telecommunications industry has been largely

T

responsible for the increase in buried underwater cables.

15 Conventional cables are often buried beneath the
gseabed at a depth of approximately 1 metre, as this has
traditionally provided protection from fishing methods and
other environmental effects. The threat from fishing to
conventional cable laying is mainly due to trawling "otter"

20 boards which may penetrate the seabed up to a depth of up
to 0.5 metres. ‘

The maintenance or repair of such undersea cables is
necessary for example to coxrrect faults, repair damage or
to replace such devices as fibre-optic cable repeaters.

25 One known method of recovering buried underwater
cables is to drag a grapnel through the seabed from a
surface ship. However, this method has a number of
associated problems, particularly in that more than one
cable may be hooked by the grapnel and retrieved at the

30 same time, and the action of hooking a cable and raising it
to the surface may cause the cable to be damaged or even
break.

A more preferred method of recovering cables is to
expose the cable by excavation of a wide shallow—sided

35 depression in the seabed. Thig is generally performed using
a surface vessel along with an underwater remotely operated
vehicle (ROV).



2 A typical cable recovery operation involves the |ocation of the relevant
part of the cable followed by deploying an ROV to a position on the seabed
cl ose towde22m9e8 evant section of the cable. 5 A standar dPCHGBel/m@2ht enance
ROV is equipped with water jets powered by on-board water punps and these
jets are used to excavate the shallow sided depression. The maxi mum angle
that the walls of the excavated depression may make with the horizontal

pl ane depends Up@n ﬁﬁeléa»ape @110 serhked AR e%latti%lnngl%%@t\o@sedthtaor
exanpl e san ically such an ang I Iles wi thin_ the range 300 to
45. The ex %%Pr% 2 ﬁgﬁo? SVt Pafhe ‘?él E@%n?aﬁ’rléla @Hq’l‘ﬁée‘%amfe is

exposed at didapldsvpim@nalochb\het@le@rpésibmonThﬁ tREVse8b&8 alokhetrpechaet er of
t he depressi on ]t uI at or ay m attached to the ROV is then

ext ended |n3f% %%ntaep?ces%?%n uclﬁ tﬁ%}f Tts renpte end is posi ti oned

adj acen® the cabhestAndpddawtdlel cumbéntanbackedRkQb the e@nigmedndioh t he

TR pul At 0w 8| ol DeRouondl [y SN oLNE CAPLE- piedOandl LRREL '508KI NG

Ilftlngllne atta face vesse attac
severed end®®¢ vAEAcAS @XC@éﬁaﬁ'@ tiHee neha pliPut 8t dad niePre sRAPT henTheves

$\A/ay Rg\/d thﬁaﬁcﬁﬂt@rh?ahél@ul:hgg tae: Kb%xtlilér fﬁﬂ:ﬂ@'ébﬂcé\g@t%% n&e%ﬂéfs@-%ﬁhmhbl
e may al SO .a er 0 er_severe en (0] e Ca e
such that tRF% BafF B”é%é’agﬂgyﬂg‘ﬁﬁé?]éaaia?ﬁ ne éirﬁPeé}i% Upss £G4t 5YPReCSur f ace.

Al t hough t hisalcedveatéohal bethgdehasvaptededfosustansiel sind @ﬁbﬂnﬁd buri ed

to around it e e at_sone |s Ng

nmet hods, #ﬁié%ljs‘\é %ﬁl%l%ﬁ%g aré Ié'ggtpu% 1%1{‘] S HowW penet r ate Agé sof t
seabed to a depthe ofxcavainidr2 isepeesormafisunt ik dlrs eepleryeons area of
conventionathy @é{ﬁl@dli Jex’i%éepd %ottme %l%lt%% b@ éﬁ@ggé?%ﬁs@aﬂag%ﬂg“ ng

fishing. Onelrrp enented solution to this fg lem_is t he cabl es
deeper wi t RAVt FeEeabéd aﬁhe35p?1ﬁ%m%‘i:ﬁ?¥alo ep |ﬁe§6ﬁ§5ﬂ@@1 oft8di sanow

bet weers 3 athfipulator arm attached to the ROV is then extended into
the depression such that its remote end is positioned
adjacent the cable.

A hydraulic cutter attached to the remote end of the
manipulator arm is then used to sever the cable. A

20 "gripper" having a lifting line attached to the surface
vesgel, 18 then attached to one severed end of the cable
using the manipulator arm. The ROV then moves away and the
cable is pulled to the surface using the line and a winch.

The ROV may also attach a pinger to the other severed

25 end of the cable such that this may be easily located later
and also raised to the surface.

Although this conventional method has proved
successful for cables buried to around 1 metre, it has been
found recently that some new fishing methods, employed

30 mainly in the Far East, will now penetrate a soft seabed to
a depth of around 2 metres. This of course places
conventionally buried (1 metre depth) cables in danger of
damage during fishing. One implemented solution to this
problem is to bury the cableg deeper within the seabed and

35 the burial depth in some regions is now between 3 and 4

metres.



metres. WD 02/ 20908 PCT/ GB01/ 04023 3 However, conventionally equi pped ROVs
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attaching recovery grippers. Such ROVs are al so capable of 5 reburying the
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or pipe. Th%&present i nventi on addresses the probl ens caused by the deeper

burial of J&bl &*"RP providing a novel method of accessing the cables.
Rather than excawdtieny dwhald owr sydeststepregsiien, chheet ool afrides present
'nventlonlﬁ%oblem in that a much larger excavated depression is
required such that the sides of the depression are
15 maintained at the acceptable angle in order to prevent the
sideg caving in. Conventional ROVs have insufficient power
to excavate such large depressions in a reasonable time and
the design and construction of new more powerful ROVs
capable of performing this task is extremely undesirable

20 economically.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present

invention, we provide a method of accessing a cable or pipe
25 buried underwater in a layer of material, the method
comprising:

urging a tool through the layer of material by
fluidising the material adjacent the tool such that the
tool may be positioned at or adjacent the position of the

30 buried cable or pipe.

The present invention addresses the problems caused by
the deeper burial of cables by providing a novel method of
accessing the cables. Rather than excavating a shallow-
sided depression, the tool of the present invention is

35 arranged to pass through the material layer by using the
power of the ROV in a localized manner to fluidise the

region of the material adjacent the tool. In this way the



35 arranged to pass through the material |ayer by using the power of the
ROV in a |localized manner to fluidise the region of the naterial adjacent
t he tool won2/eds way the WO 02/ 20908 PCT/ GB01/ 04023 4 cpavesvi/onai power
source of an ROV may be used to access a buried cable or pipe despite
their greater buried depth. The possible use of a standard ROV al so
advant ageously reduces the cost of nodifying the equi pnment. 5 The net hod
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upon the tool caU$@dfbyidising of the material may be achieved by a
15 suction method in which the removal of fluidised material
from a region adjacent the tool causes further fluidising
by an ingress of water to the region. Alternatively a
water jet may be used to direct water at the material and
cause it to be fluidised. Each of these methods may also
20 be used in combination.
In general, the tool will be urged through the
material along a substantially rectilinear path although
the tool may also be arranged to be steerable.
The method may typically further comprise maintaining
25 a fluidised layer of material around the tool either when
the tool is positioned within the material or when the tool
ig being urged through the material. This is particularly
advantageous because when the fluidising action is
terminated many types of typical seabed material set in a
30 very rigid manner. Furthermore, fluidising a layer around
the tool reduces the forces upon the tool caused by
steering along a non-rectilinear path.
Preferably the method further comprises locating the
cable or pipe using a locator device, where the tool is
35 moved through the material in response to a signal produced
by the locator device. In this way, accurate positioning

of the tool may be achieved by guiding the tool in response



steering along a non-rectilinear path. Preferably the nethod further
conprises locating the cable or pipe using a | ocator device, where the
tool is v8Gomwwesl t hrough the material in response to a spgnaBopoeiiced by
the locator device. In this way, accurate positioning of the tool nay be
achi eved by guiding the tool in responseg WO 02/20908 PCT/ GB01/04023 5 to
the signal. The | ocator device may be attached either to the tool itself,

or indepen t t 0. i I t deyi i magnet gnet er .
'n many case, e TpTThe omaf Aaretel delBER! fry OBY' EELaBn2a RATELRTE B,
buri ed posi§?ortheo tael surtiesslef of ont hendenpedenrlyn t® tihe dBEK.of &

surface shig Wi TELIEONANCE; 8L {EPRI haOREEShiO8s . My be nore easily
performed. The method nay therefore further conprise lifting the cable or

, o
pi pe using a |ift®ngPBEviGSSuchithitito R fesstabipt t6F ¥¥BO¢@bILESOr pi pe
is lifted t@a]@l@osj:tp@pel gionr iadj m&tedatpdmh mairorﬁw%’cﬁ aﬁl@e oéut_l;bgcaab@ri al .
Typically this will i.nvolve_raisi it.to t top_of .t he seabe
attachi ng a"1tftrn egevcfl&eofloact%egggbldeec O]gi S‘e,SLE]ﬁ%a(&?hégﬁ“éﬁdwg%r\?hi chis
attached tonainvesseicsuchr Iemsia siigratieeispowery obet haovesseksidy t hen
be used to prowideeghe fenge diiiad t nble Cablerole PIRELNOUIBLIES

e may then to

mat eri al . e cable or pip _ > severed and lifte e surface
vessel in altbhiegtilemdaignmet pize Asifgeacabfeine Pepécragubl bbeted
under a@pr oxi NEdLdtY pad-tt @4t ep1ef orabepal s §hecamt ebi gl p8h9¥eoht nmay
cause significant_resistance to the npvenent of the cable or pipe during
alifting o?)%r%i%@a??P’%r?}éru]?%e]Fe%%nga?%i - R Methodl may furt her
conprise fluidisivigiedlleashis heliphrinedlds tdesimg et atol @yer tadj acent the

upper surf o] terpal h_t . rjal_layer is, softened.
The for ceal?lgequ%?ée%g?og?i g%k?ﬁgigébfaqur%t%%e%ﬁgfghtcf ?\%he ne ]%]r?‘lea?rl ayer
i s theref orelpedudes. otiygir cend yosuehiah is attached to a vessel such

15 as a ship. The power of the vessel may then be used to
provide the force to 1lift the cable or pipe through the
material.

The cable or pipe may then be severed and lifted to
the surface vessel in a conventional manner.

20 As the cable or pipe may be buried under approximately
3 to 4 metres of material, the material above it may cause
significant resistance to the movement of the cable or pipe
during a lifting operation. In order to reduce this, the
method may further comprise fluidising at least the part of

25 the material layer adjacent the upper surface of the
material such that the material layer is softened. The
force required to 1lift the cable or pipe through the
material layer is therefore reduced. Typically such a
fluidising method will be performed along the seabed in a

30 direction following the cable or pipe.

In accordance with a second aspect of the present
invention, we provide apparatus for accessing a cable or
pipe buried underwater in a layer of material, the
apparatus comprising:

35 a tool for accessing the cable or pipe; and

at least one fluidising device arranged to fluidise

the material adjacent the tool such that the tool may be



fluidising nethod will be perforned along the seabed in a 30 direction
followng the cable or pipe. In accordance wth a second aspect of the
present wavrmddOnN, we provi de apparatus for accessing a PabiGBOD0402pi pe
buried underwater in a |layer of material, the apparatus conprising: 35 a
tool for accessing the cable or pipe; and at | east one fluidising device
arranged to fluidise the material adjacent the tool such that the tool may
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15 region adjacent the tool. The conduit may be constructed
from hoses or pipes attached to the tool. Preferably the
conduit will be formed as part of the structure of the
tool, for example within the tool housing such as an
internal bore.

20 The fluidising device may further comprise at least
one nozzle which takes the form of an opening communicating
with the conduit. Other forms of nozzle may be arranged to
be steerable. A number of nozzles may be provided for each
conduit and in general the fluidising device will be

25 positioned at least at the foremost end of the tool with
respect to an urging direction.

In addition, the fluidising device may have a number
of conduit openings arranged along the length of the tool
g0 as to maintain a layer of fluidised material around the

30 tool. Appropriate conduits and nozzles may be used for
this purpose.

Preferably when the one or more first conduits are
provided to deliver water to the region adjacent the tool
as one or more first conduits, the fluidising device will

35 also have one or more second condults arranged to remove

fluidised material from the region adjacent the tool.



respect to an urging direction. In addition, the fluidising device may have
a nunber of conduit openings arranged along the |l ength of the tool so as
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joints may be arranged to allow movement about a number of
15 axes.

Alternatively, a lance provides advantages in that the
use of complicated joints is largely avoided. Lateral
manoeuvreability can be provided by moving the ROV to which
the lance is attached whilst the lance is positioned in the

20 material. This may be aided by fluidising the layer of
material around the buried part of the lance.

When the tool is an elongate lance, the urging device
may be arranged to rotate the lance about an axis
substantially perpendicular to the elongate direction of

25 the lance, between a storage position and an operation
position.

Typically the tool will also include a manipulating
device capable of manipulating other devices such as the
lifting device, a dgripper or a cutting device. The

30 manipulating device may also be used for clasping the cable

or pipe.

BRIEF DESCRIPTION OF THE DRAWINGS

Some examples of methods and apparatus for accessing

35 a buried underwater cable or pipe will now be described

with reference to the accompanying drawings, in which:-



substantially perpendicular to the elongate direction of 25 the | ance,

bet ween a storage position and an operation position. Typically the tool

will al ssvonwbagde a mani pul ating device capabl e of mani ppCHGBagomeher

devices such as the |lifting device, a gripper or a cutting device. The 30
mani pul ati ng device may al so be used fog cl asping the cable or pipe.
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Figure 6 is an illustration of a remotely operated
vehicle according to a third example;

Figure 7 shows the drive mechanism for the lance of
the third example;

Figure 8 shows the access of a buried cable according
to the third example;

Figure 9 is an illustration, partly in section, of a
lance and eductor according to a fourth example;

Figure 10 shows the eductor of the fourth example,
partly in section; and,

Figure 11 shows the eductor, partly in section, when

sectioned along the line X-X' in Figure 10.

DETAILED DESCRIPTION OF THE EXAMPLES
Figure 1 shows a remotely operated vehicle (ROV)

having a jointed manipulator arm 1 attached to a tool skid
2 and a power source 3 supported on the tool skid 2. The
manipulator arm 1 comprises a number of jointed sections 11
each pivoted about pivot points 12. The power source 3
typically comprises a motor of approximately 200 horsepower
which acts as a power source for the manipulator arm 1
operated by a hydraulic system 4. A number of thrusters 5
are also provided in order to increase the effective weight

of the ROV by providing a downwards force.
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15 Control circuitry and hydraulic connections (not
shown) are provided to the manipulator arm through the
joint 12. These allow each of the jointed sections of the
manipulator arm 1 to be moved individually.

Two flexible hoses 14 are connected to a water

20 manifold 15 attached to the ROV which is supplied with
water from water pumps within the ROV. The water is pumped
through the manifold 15 along the hoses 14. The hoses 14
are positioned along the manipulator arm 1 and are attached
to it at a number of points such that they follow the

25 movement of the manipulator arm during use.

Each hoge 14 in Figure 2 terminates in an opening 16
such that water exiting the hoses is directed along a line
substantially parallel to the long axis of the end most
section of the manipulator arm 11.

30 The water pumped along the hoses and out of the
openings 16 fluidises the region surrounding the end of the
manipulator arm 1.

The manipulator arm of the present example is also
equipped with a mechanical claw 17 which may be opened and

35 closed hydraulically. In Figure 2, the claw 17 is grasping
a lifting device 18 which is releasably fitted around the

cable 9 by the manipulator arm. Figure 2 represents the
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15 manipulator arm and in this case the claw is also rotatable
about the long axis of the manipulator arm section, as
indicated by the arrows 20. In this example a magnetometer
21 is also fitted to the end of the manipulator arm 1 to
act as a locator device for locating the cable. This is

20 particularly useful as the movement of the seabed material
reduces visibility for any remotely operated cameras.

A number of primary nozzles 22 are also indicated in
Figure 3 positioned substantially at the corners of the
endmost section of the manipulator arm 1 as viewed from the

25 claw end. In this example the hoseg 14 have been replaced
by internal conduits within the manipulator arm, the
conduitg terminate in openings 16 in the form of the
nozzles 22.

In the present example, water 1is jetted £from the

30 nozzles 22 and each of the nozzles 22 is steerable to allow
greater control during fluidising.

Figure 4 shows the arrangement of the nozzles more

clearly. 1In this case, in addition to the primary nozzles,

a number of secondary nozzles are arranged along the length

35 of the manipulator arm, for example at points 24 as

indicated on Figure 1. These provide the manipulator arm
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be static dwkmation around each nozzle. This can be achieved using

15 gears for each motor arranged to mesh with suitably
arranged‘racks on the spherical portion 31.

Alternatively the secondary nozzles may be static and
directed substantially normal to the surface of the
manipulator arm.

20 A method of operating the apparatus described in the
examples above for the location, access and retrieval of a
buried undersea cable will now be described in association
with Figure 5.

An ROV equipped with apparatus as described above, is

25 deployed in the vicinity of a cable fault at step 50. The
cable in question is then located electronically for
example using magnetometers either attached to the
manipulator arm, the ROV body or to a separate ROV at step
51. The ROV is then positioned on the seabed above the

30 cable at step 52 and the thrusters 5 are operated in order
to increase the effective weight of the ROV during the
subsequent fluidising operation. Whether or not the use of
thrusters is actually necessary 1s dependent upon the
weight of the ROV.

35 The manipulator arm is then deployed at step 53. This
involves the forcing of the manipulator arm through the

seabed 10 hydraulically, whilst at the same time fluidising
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impact against the sides of the fluidised hole created by

15 the jets. 1In this case, the use of additional fluidising
nozzleg at positions 24 is desirable.

The remote end of the manipulating arm 1 is brought
into close proximity with the cable 9 and may be finally
positioned using the magnetometer 21 during step 53.

20 During the descent of the manipulator arm through the
material 10, the mechanical claw 17 holds a cable lifting
device which may be a gripper 18 or simply a hook which may
be hooked upon the cable. The lifting device with its
associated lifting line 19 is then attached to the cable at

25  step 54.

The manipulating arm is then retracted at step 55 and
the thrusters 5 are turned off such that the ROV can be
directed away from the location.

Once the ROV is clear of the location, the cable may

30 be lifted slowly towards the surface of the material 10
using the line 19 from the surface vessel at step 56. At
a convenient time before the lifting, the seabed above the
cable may be softened by a fluidising operation using one
or more conventional ROVs.

35 When the cable has been brought to the surface of the
seabed 10, the lifting is terminated at step 57. At this
point the cable can then be treated as in a conventional
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third exanple is shown in Figures 6 to 8. In this case the mani pulator arm
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rotated between a substantlally'horlzontal storage pogition

15 and a substantially vertical operation position for
fluidising the seabed.

Figure 6 shows the lance when stored in the horizontal
storage position. The lance 60 has an internal hollow bore
running along its length. A number of jetting openings 63

20 are arranged at locations around and along the length of
the lance. These connect the internal bore to the external
environment. In addition, the bore passes through an open
end 64 of the lance for use in penetrating the seabed. The
other end of the lance 65 is connected to the ROV usging a

25 flexible hose 66.

In this example the hose is arranged to retract into
the ROV body, ensuring that only a suitable length is
reeled out due to the movement of the lance end 65. The
hose 66 connects the lance to an internal manifold which is

30 supplied with water using the water pumps of the ROV.

Adjacent to the open end 64, a hook 67 is releasably
attached to the lance 60 with an attachment member 68. The
hook 67 comprises a substantially U-shaped section and a
deflectable member which is urged towards a position to

35 close the open side of the hook. This allows the cable 9
to be securely retained once positioned within the hook 67.



The drive nechanism 6l is arranged to be rotatable wth respect to the ROV
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storage poany2mm 15 and a substantially vertical operati oRCPGB0t/4OR3 f Or
fluidising the seabed. Figure 6 shows the | ance when stored in the
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15 Returning to Figure 6, the lance is shown as arranged
in its horizontal storage position. This position is
suitable for deploying the ROV and manoceuvering it
underwater when not in contact with the seabed. The
horizontal storage position allows the ROV to be landed

20 upon the seabed easily.

Once the ROV is in position upon the seabed, the drive
mechanism 61 is operated such that the end of the lance 64
is moved towards the drive mechanism 61. As this extends
the second end 65 away from the drive mechanism, the hose

25 66 is reeled out of the ROV housing.

The range of possible movement of the lance 60 along
its elongate axis 1is arranged such that the minimum
distance between the drive mechanism 61 and the end 64 is
less than that between the drive mechanism 61 and the

30 seabed 10. This ensures that the end 64 does not impact
against the seabed upon subsequent rotation of the lance.

Following rotation of the lance into a substantially
vertical position, the water pumps are operated to force
water through the pipe 66 and along the lance 60 to jet out

35 of the openings 63 and the end opening 64. Any surrounding

seabed material i1s therefore fluidised.



10 in Figure 7. Two flat gear racks 70 are attached to opposing sides of
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61, powemnedobyoves suitable notor. Simlarly, snooth pinchreDiGBetr/e1023
hydraulic actuators could be used for this purpose. 15 Returning to Figure
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[ ance has rehchal  FigY: ki Tobt GRbth €3 SRATGS 1 PRTSCERPNE) TV
| ocked i nt mlposd ti oheandabhe 9. However, because the lance 1is
15 gsubstantially rigid, lateral movement of the lance 60
within the seabed can be achieved by physically moving the
ROV. This can be achieved using the conventional thruster
systems of the ROV allowing a lateral search to be made for
the cable 9. The provision of the openings 63 along the
20 length of the 1lance 60 ensures that the material
surrounding the part of it within the seabed is fluidised.
For accurate final positioning of the hook 67, in
addition to the provision of a magnetometer adjacent the
lance end 64, the attachment member 68 may be arranged to
25 be moveable for example around and along the lance. The
cable 9 may therefore be hooked by the combined movements

of the attachment member 68 and the drive mechanism 61.
Figures 9 to 11 illustrate an alternative example of
a lance 80. This may be used in a similar manner to the
30 lance 60 of the third example described above, with a
similar drive mechanism and attachment member. In this
particular example, a magnetometer is not fitted to the
lance 80, although a magnetometer is provided by a separate

attachment to the ROV.

35 As shown in Figure 9, the lance 80 is arranged as
three parallel tubes of circular cross-section. These

comprise a central tube 81 having an internal bore, flanked



hook 67 is attached to the cable 9. The hook is then released fromthe
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19" to the surface of the seabed. It may be difficult to correctly
position the ROV above the cable 9. Hgwever, because the lance is 15
substantially rigid, lateral novenent of the |lance 60 within the seabed can
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W'”" n the {e&‘é@dof f,L uidi sedh tokgé é‘f&Hﬁ% “f‘én 1 éoﬁil@:‘?c {; yhe hook

in addition e provi'sion er a jacent Snce end
64 t heb at tae hd@ent ﬁbﬁb@MEBOﬁayhbeCanﬁaﬁQe&Ub@ 28l gehreronesbbs e84 opfexanpl e

around and @long,dde dance g2 Theycabte e my-ddereiRl anbga1hgoked-Ayathe

conbi ned novenents of the attachrrent menber 68 and the drive nechani sm 61.
Figures 9 t%t"iﬂn]rq?ﬁ;%sfsizé?% an 2SR KA Yex diifft eCBECE ARES P MRYs may
be used in wlsd rnﬂearfcsmmw fleditg e 3Qdeanee 60sohithe hbhrdrexamphe

descri bed bove Si drive nechani sm and attachnent nenber. In
this partl ]\é\%< a%he én%%e?}&w%e? is not fitted to the |[|ance 80,

al t hough a rragne%tontelneerlmxse:pr@vcﬁdeﬂ thye al separé® e th tacheentubest bz ROV.
35 As shown. i b bl Y894 E#Ild?} 1.0ce #Qliss?réx?cﬁ‘gc?gn rgge%ip%gv'i% t ubes

of circular cross-section. These conprise a centr ing an
i nternal bdwnifekhkER 3 UM PoOos FCT/ BN 94023 16 on either side by two

outer tubes 82 egcfehdVAd] tdN Fh h@énaio borae qEhe ct-pIR: eeqobLbhe gentral
tube 81 is about 100 separate or attached to the
Si des. of tr@%ﬁﬁt‘re@%nhm{;am?? TG bs Phareargad to Sttach

15 to the annular manifold 85 to enhance the effectiveness of
the lance 80 in removing the sea bed material.

The eductor 86 has an inner circular bore 87 passing
completely through it and having a similar cross section to
the bore of the central tube 81 of the lance 80. 1In an

20 upper section 88 of the eductor 86, the bore 87 is bounded
by an upper eductor wall 89, whereas in a lower section 90
of the eductor 86, the bore 87 is bounded by a thicker
lower eductor wall 91.

A flange 92 is provided at the upper end of the lower

25 section 90, the flange having a larger diameter than the
lower eductor wall 91. The eductor 86 is attached to the
lance 80 at the manifold 85, using the flange 92 and the
upper eductor wall 89, each of which are provided with
seals 93,94.

30 Within the lower eductor wall 91, eight tubes 95 are
circumferentially positioned parallel to the bore 87, each
having an upper end opening 96 upon the upper surface of
the flange (within the manifold 85), and a lower end 97
opening on the underside of the eductor 86 adjacent the

35 opening of the bore 87. Two of these tubes are shown in

Figure 10.



5 at 83. The wall of the central tube and the walls 84 of the outer tubes
82 may each be forned froman alloy such as stainless steel.

Al t er nat iweby209he outer tubes 82 nmay take the form of fPeRGBIEfIDBES in a
simlar manner to the hoses 14 of the first exanple. 10 At the | ower end
of the lance 80, the outer tubes 82 extend beyond the inner wall 83 and
connect to an annular nmanifold 85 as indicated in Figure 9. Referring to

Figure 10, a detiactiahl eeefuciase 86a 60BSt bucietrdem any asihesognteri al ,
is arrangecL 0 attac 15 to .the a nul ar %rgni Lgld 85 to, enhance the
th

ef f ecti vendst® of mFhIehcd 4d'S SRV n T PE TAtETPEre Fhe
educt or 86 dwmsh aduchnéB dis cangredornpwdZdpas sithgabocoupl/ét elagitdeough it and

havi ng a si C C n, r f e 81 of t he
| ance 80. Ié{nH 1. ég;%%%es{el]é% 0%8§é£§$ 13% e S8?bt t(%l "Ibor e‘”érf‘ I's
bounded b;swfaoqme? éié@ctl@wemeduggormeﬁ-éaglu ﬁl’a dbvetacedt ipwadds of the

educt or 86,y ie P@éfe@g 15 hopadeds by rachhi alﬁ%rts lg@welr ec%:ta!i dabl 91. A

flange 92 is provided at_ the ‘'upper end of the | ower section 90, the
fl ange havf'%bl% PaFgEF ditdnet eFeYﬁéﬁeF‘hethGF oﬂé?—”eéat}@floro%lafﬂmlwatrﬁé
educt or 86 filowatriqchet tthd heibdamnes V&chaﬁ diiterBnidoldidss asing the

flange 92 and the _u r. eductor wall each .of . whi re provided with
seals 93 94 30 MEH ehe PORer SictER WETTER T8 GRUcFhBeRs bl ar

ci rcurifCer ert i bihy Fo¥ition&dgparallitel The ttiebdor 85 8andedokt shadd ngran upper
end openi Ng 8, 1ipoly LOEFUPBEL 3 SH1{aCRReq IREIAENGRE (Wl An JAie.(Bpi Tol d

85), and a | ower openi ng he under si t he eductor
adj acent t W35 Ppening of the bore 87. Two of these tubes are shown in

Figure 10. WO 02420208 PG GRAL/ 940 d8en 1¥n Vit ffbﬂr%ﬁcbgﬁa e arlictnh98

r hown in
Iiiogzsgt ?.Ot q:% o eex9a5m1§10e, t he tll?é]terwgtc:)é% 9];; E’lg Ct %um%ed %Srosm C)thel

15 ROV to fluidise the bed material through the tubes 92 and
95, but is also removed from the region surrounding the
lance 80 through the bore 87 and via the central tube 81.
The action of the ducts 98 causes the fluidised material to
be jetted up the bore 87. An additional pump aboard the

20 ROV could also be used to remove this material.

As in the third example, additional nozzles may be
provided along the length of the lance 80 to ensure that
the material surrounding the lance 80 is fluidised.

The eductor 86 described in this example can be fitted

25 to the apparatus described in connection with the first,
second and third examples, provided that at least one
conduit is supplied to deliver the water to the eductor 86,
and a second conduit 1is also supplied to remove the
fluidised material.

30 Returning to Figures 9 to 11, in use the detachable
eductor 86 is fitted to the manifold 85 of the lance 80.
Water from the ROV manifold is pumped down the outer tubes
82 of the lance 80 towards the manifold 85 as indicated by
the arrows A (Figure 9). The water then enters the tubes 95

35 through the openings in the flange 92, and is jetted out of
the lower end of the eductor 86 to fluidise the sea bed

material. Some of the water is also diverted upwards into



each duct 98 is angled upwardly at about 70 degrees of angle, so that the
openi ngs of the ducts 98 on the inner 5 surface of the | ower eductor wall
91 are divwpbzaezwds upwards with respect the opening of thePdDGB81/8823 n the
tube 95. This alnost fully reverses the direction of any water flow ng
down the tubes 95 which enters the duct;ss 98. Figure 11 shows a section

t hrough the eductor 86 along 10 a line X-X in Figure 10. The tubes 95 and
ducts 98 argpe Shovn o %%%@%{Tﬁﬁﬁ@ﬁhﬁt%pggegs arpund ddie el educter  wall

91. One distinctign between is fourth exanple and the ‘third exanple, is
that water Ps ndflénISPYRTifoed s r BHFERED €5TREV £6 MG Rt Ne Bedlwateri al
t hrough t hechtbesa92nandaO5rihut tbsbal deawenbned fhenbbhe segi on

surroundi ng the _lance 80 through the bore 87 . and.via the central, tube 81.
The action of t B HLCTE 8= EaTsEd (RETIUN of T Trht oF P PG CB6eflebVed up

t he borg 87thdnamaddisi OnaFipunpsabeoabll bheealld) RIW edukbdoal 86, behesed to
renmove this ten] ; b i e di t0nal y be
provi ded al%ﬁg ?%ggbéﬁéﬁhkg?l?ﬁ%£$%%%% E%n?%ﬁgﬁgﬁre“?ﬁgf " %E%g?gg?a
surroundi ngth¢re |drRvE 80 pwa¥qyi dilkeeualTheEhadubcsie 8édescr fbagctaonhi s

exanmpl e can;hgi fitd@dyy 28nd Ogt-h8wappar atus described in connection with the
first, second and third exampl es,. p&ovided tggt at Ieasé%one, conduit is

supplied to del i®efUpPReaRht&t1¥o SiRe8dulESPO86. 50 diPh dREShEPESndTi t i s
al so suppl i edsdeisetmve wheh ftuedi sedsoat endal seSOndRet exanpebo Fogures 9
to 11, in use the. detachabl e duct ar is fitted t he .-manifol d 85 of
the | ance 805 SNat's? %%%;% qve’ anF?%F% T%y5ﬁﬁﬁgﬁga%%ﬁlfﬁbb§ngF§tubes
82 of the |ahtke BDet dnawcds tdie ndhi 66| dh8s5 tad ridndircht Boubyh ehesmpieews A
(Figure 9). .dhe . MaigLiyhen enters the tubes 95 35 through the openings in
the flange 92," and 1s Jetted out of the |lower end of the eductor 86 to
fluidise the sea bed material. Sone of the water is also diverted upwards
into WO 02/ 20908 PCT/ GB01/ 04023



18 the bore 87 through the ducts 98 as indicated by the arrows B. This
causes the suction effect of the eductor 86 by encouraging material to be
drawn i ntvoobhizo9b®re 87. This generates an overall inducedp€T/omoi/omdexat ed by
5 the arrows C (Figures 9,10) beneath the eductor 86, where the fluidised
bed material is renoved. This materi al is t hen drawn upwards through the
bore in a direction indicated by the drtows D. A substantially simlar
method to that described in 10 assocha)Hl\&n with the first and second
exanpl es for accessing and recoveri nmg & cable nmay therefore al so be used
with the lances 60, 80 of the third and fourth exanpl es respectlvely WO

02/ 20908 PCJ/ GBO4/ O« 1 a SI or
pi pe (9) bgl edoﬁl. %g%v%gt e?f%%@f%} A?n%tg![%g% a{) &;ﬁ%% %9%8
conpri si ng: URdgFWatert ot (A) ]talfi/f%gl?ft h&atgydelof (R@ter i 5ine( mjath@gi
fluidisgng tbgprasengal adjacent the tool (1) such that the tool may be

positioned at or adjacent th ositjon of the buried_cable or
A net hod accor di g9 Bgc?a’?ﬂ?f ?Qz\; %F‘ﬁuglﬂe Ehat RV SF Oflﬁ‘?L?glﬁp Epged
usi ng suctily. fﬁllénsﬁrﬁt@adqaamd&m te@ljed cnh Lhewhercdi (1t heunt Ehaal (10)

Is fluidised ysj ngla%gg; egagéﬁlo?%d”%h% Qﬁggggh{?gtﬁ@ po% B ohMg

pr ecedi ng c’fal ne s urge eri alf (10)
along a subh@alnmradacﬂyca}eb@l@rnEaJPEpat h. 5. A nethod accordl ng to claim 4,

wher ei fipt he, t 00l Al ferBLEeLRRLE MM t&%ﬁatler I RhefdD) tRe AaPELRQY
accordi ng to any of the preceding clains, 20 further conprising

mai nt ai ni ng 33103‘IJcl?df%‘éi‘sldlr"é@"éru%’rngn‘ﬁ’t“é\:i“éﬂl1 around the tool when the tool is
positioned W thi® method according to claim 1, wherein the material

(10) is fluidised using a water jet.

4. A method according to any of the preceding claims,
15 wherein the tool is urged through the material (10) along

a substantially rectilinear path.

5. A method according to claim 4, wherein the tool is

steerable within the material (10).

6. A method according to any of the preceding claims,
20 further comprising maintaining a fluidised layer of

material around the tool when the tool is positioned within

the material (10).

7. A method according to claim 4 oxr claim 5, further

comprising maintaining a fluidised layer of material around
25 the tool when the tool is being urged through the material

(10) .

8. A method according to any of the preceding claims,

further comprising locating the cable or pipe (9) using a

locator device (21) attached to the tool wherein the tool
30 is moved through the material (10) in response to a signal

produced by the locator device (21).

9. A method according to any of the preceding claims,

wherein the method further comprises lifting the cable or

pipe (9) using a lifting device (18,19) such that at least
35 part of the cable or pipe (9) is lifted to a position at or

adjacent an upper surface of the material (10).



the material (10). 7. A nethod according to claim4 or claimb5, further
conprising maintaining a fluidised |ayer of material around 25 the tool
when t he w@o?/214988 bei ng urged through the material (10) .P8T/GBRonetwhdd
according to any of the preceding clains, further conprising |ocating the
cable or pipe (9) using a locator devige (21) attached to the tool wherein
the tool 30 is noved through the materlal (10) in response to a signal

broduced by f he  Qealiaty devi.gealad) co 9 A fEbhodraceanivng, 10,80 0f the

preceding ¢ al ms erein hod urt er conprises lifting the cabl e
or pipe (9fisithe acrbiei mgrd@yp%et@l@ 1S ik t At Oat cha't%‘te% pArt of

the cable Qfp@hp%u&%bdéSdﬂ'E?%dmbﬁeﬁlaQsKianlgt ebviadHapgni ddsyeper
surface of the material, (10). WD 02/ 20908 PCT/ GB01/04023 20 10. A nethod

accordi ng 3!} &5?,5RkRerein the force to lift the cable or pipe to a
position atiior aﬁjtﬁ@‘@lﬁl&daaccdlﬁﬁEthlﬂbf adeiof ¢ hermefleriinmallq,10juishgrovi ded

by a vessel such ,as a A et cc ng. 4 q.cl aj claim
10, further® I@&Hﬁﬁrﬁ nﬁf‘flt@t%t%?ng at eas'?d? 8E‘g‘r:t %(;ffoct ee%n%%%r?% | ayer
(10) adj acdntyerhe (apper asgrfent stoh tupten h@unf@tceeri gludhayehats et ened
50 as o rﬁ%ﬁ%eﬂtafte(;tg)(/%% {ng rednkd 1i6t Lhecgablenple p'cH@ thspugh the

mat eri al paratus for accessing a cable or pipe (9)
buri ed unereﬂqmr@rd |¢1Oa1FL§t}ert}@f Gretley i@ PiDT, thEeUgSpdihe UrteBhpti si ng:
a tool1d 1) fBferaceapsi ng the cable or pipe; and 15 at |east one fluidising
device arra

dovi o B0 0 1l o6t he mberial, (401, ad aosn et ool pueh {ha
at or adj aaﬁniteﬁmtm:emsutu on abythle dfur metletable Or0)pi pehe( PHpparatus
comprising:
a tool (1) for accessing the cable or pipe; and

15 at least one fluidising device arranged to fluidise
the material (10) adjacent the tool such that the tool (1)
may be urged through the material layer (10) and positioned
at or adjacent the position of the buried cable or pipe
(9).

20 13. Apparatus according to claim 12, further comprising at
least one urging device for urging the tool through the
material layer (10).

14. Apparatus according to claim 12 or claim 13, wherein
the fluidising device comprises a conduit (14) having at

25 least one opening (16) arranged to either deliver water to
a region adjacent the tool so as to fluidise the material
(10) ; or remove fluidised material from the region adjacent
the tool (1).

15. Apparatus according to claim 14, wherein the

30 fluidising device conduit (30) is formed from the structure
of the tool.

16. Apparatus according to any of claims 12 to 15, wherein
the fluidising device has at least one steerable nozzle
(22) .

35 17. Apparatus according to any of claimg 12 to 16, wherein

the fluidising device is positioned at a foremost end of

the tool with respect to an urging direction.



20 13. Apparatus according to claim12, further conprising at |east one
urgi ng device for urging the tool through the material layer (10). 14.
Appar at usv@oramos ng to claim 12 or claim 13, wherein theP€T/GBdi/&ionyy device
conprises a conduit (14) having at 25 |east one opening (16) arranged to
either deliver water to a region ad| a(r:ént the tool so as to fluidise the
material (10) ; or renove fluidised terial fromthe regi on adj acent the

tool (1). r accordi.n clalm 4. wher |nth 3 qu1d|S|ng
devi ce comljl%i t%aﬁ% raﬁg&rfil;gl% Eﬂ WtWE "% fel t k8 ?%bl Oh

Appar at us ardmorfdmngiusamsieuﬁcel hasm mmn&f whedeii s ophne:uflgm 622} ng
devi ce has t 3 ccordi ng
to any of aa r@ae% %%i% &%g&éﬁ#’}?ﬁﬂ qﬁ%lzﬁ(%%]f néo#gwﬁ%q?géﬂ%(;%ll?l%ned at
a forenost 1@5’(131”01035 fhaidaspdvia beFbaberroyns dﬂl%rt@icﬁg éh)r@b‘ﬁl%ﬁ wWgn

02/209G8 PGHLBRL104Q2805 241 d8ed AP A btaq@mréillrég t@o3nyrofhehaiws 12 to
17, wherein the fl uidising deV|ce has a nunber CQF uit openings (22)

arranged alt@R) the PSR HiEed FdadE stéleaén"’ltc?lffaar%t a |ayer of
fluidi sed nmt.erimpatoiund atchertid@lg ta;)aleytds@rc]merrs 52t he 1®plfustlpesiti oned

within the mater:al 10) en t 0o [ r.ged t ugh
mat eri al (f@.prfgg gra ucsaygaocrcor Yﬁfjet olzain ggtgggi%rc%se%é 'E]’%%lgt (%urther
conpri si ng vend ekt othdeﬂlocetéﬁlgie‘awachéa)t OSt Rereogied weergiadludse & ocat or

devi c o(21)81'9%&?5{r?ggféawngreﬂgcqo@aicqoﬁ gial chodEgpi NGyt B Jeocasj on of

t he cabl e or i pe such™t hat the (1) nmay be guided’to the
| ocation. ZyChagihatatihe &Qr dildg Wy AR iertdis 1868t or  devi ce

(21) is a maghetiddeitu lacApana Uo GO T, teheri 0Tt e didBatddrt o 20,
further 15 cor%\e f g a I|ft g deV| ce (18 19) which may be attached to

t he cabl e 63re
Apparatus accordlng to any of claims 12 to 20, further

15 comprising a lifting device (18,19) which may be attached
to the cable or pipe (9) using the tool (1).
22. Apparatus according to any of claims 12 to 21, wherein
the tool (1) comprises a jointed arm.
23. Apparatus according to any of claims 12 to 21, wherein

20 the tool is an elongate rod or tube forming a lance
(60,80) .
24 . Apparatus according to claim 23 when dependent on

claim 13, wherein the urging device (61) ig arranged to
rotate the lance (60,80) about an axis sgubstantially
25 perpendicular to the elongate axis of the rod or tube
between a storage position and an operation position.
25. Apparatus according to any of claims 15 to 24, when
dependent upon claim 14, wherein the fluidising device has
one or more first conduits (82,95) arranged to deliver
30 water to the region adjacent the tool, and wherein the
fluidising device further comprises one or more second
conduits (81) arranged to remove fluidised material from
the region adjacent the tool. 4
26. Apparatus according to claim 25, wherein the one ore
35 more first conduits (82,95) and second conduits (81) are
arranged as an eductor (86), having a number of ducts (98)

internally connecting the first and second conduits such



22. Apparatus according to any of clains 12 to 21, wherein the tool (1)
conprises a jointed arm 23. Apparatus according to any of clainms 12 to 21,
wherein WOorbmog ool is an elongate rod or tube form ng apCEG®Be1/0489, 80) .
24. Apparatus according to claim23 when dependent on claim 13, wherein
the urging device (61) is arranged to _rotate the |ance (60,80) about an
axi s substantially 25 perpendi cul ar t 0%the el ongate axis of the rod or tube

bet ween a stor.age positi and, an oper at.i osition., 25. Apparat us

accordi ng ts%jaa%ao%]?t c?%\i ﬁgel%"af:ngf, p@ﬂéﬁ%nd%&e%h&%o?F%l ‘g}”?n T2T®0wher ei n
t he fluidi siingstdevireBiihas isodevertadrento ridie cenduid sof82,185) therabged t o
del iver 30 ygier,dodhe ggionsadiacent; bhigcoghs, apdhescinghe,,
fluidising device further ctonpri ses one of nbre secon conduits F T)
arranged t ey econdidi sé¥lhmterial from the region adjacent the tool
26. Appar atiis, ageoreh 88§ 9 £F & dh 21 e WSS D1 RS 2P8aRhus 338881 hir St
conduits (82,95) and second conduits (81) are arranged as an eductor (86),
havi ng a nuibeéHfobuetaiTesi2 ¥ xttnal Iy connecting the first and second
conduits such WD 02/ 20908 PCT/ GB01/ 04023 22 that part of the water
supplied through the one ore nore first conduits is diverted into the
second conduit, thereby causing the ingress of fluidised material through
the second conduit (81) 5 27. An underwater vehicle conprising apparatus
according to any of clains 12 to 26



