WD 02/ 20908 PCT/ GBO1/ 04023 METHOD AND APPARATUS FOR- ACCESSI NG UNBeRwriErll
CABLES OR PIPES 5 FIELD OF THE I NVENTI ON The present invention relates. to
a nmethod and apparatus for accessing a cable or pipe buried underwater.
BACKGROUND TO THE | NVENTI ON 10 There has been a gradual proliferation of
und¥Paa0%8abl es and pi pel i nes connecting regions oPCIUHHHES  separat ed
by water. in particular the worldw de expansion of the tel ecomunications
i ndustry has been largely responsible for the increase in buried
underwat er cables. 15 Conventional cables are often buried beneath the
seabed at a depth of approximately 1 netre, as this has traditionally
provi ded protection fromfishing nethods and other environnental effects.

‘The threat from fuBTHOD AND mxﬂnaﬁmm@nemngaecessay ng is mainly due to

trawling "otter"” 20 baa . e, the seabed up to a depth of
up to 0.5 nmetres. T Fren ' such undersea cables is
‘necessary for exanple to correct faults, repalr damage or to replace such

de;w cg.§wrf1§ BW%OREQ@@BW repeaters. 25 One known net hod of recovering
s to drag a grapnel t hrough the seabed from a
surface shifbe Howeeent t AnyeRsinBd rfeéa eguntter & meddwd addd probl ens,

pa”'agggfaxutsnfwasceaéelﬁ@a@ Gl e G0 I FB 8L 10 eRie A tide. gr apnel and

retrie sanme time, and the action of hooking a cable and
raising it to the surface nay cause the cable to be danmaged or even break

A ”DrQAQKGﬁ@JNEdTGBEhEdINﬁEnwmoner|ng cables is to expose t he cabl e by
excavati on de shallom+5| si on eabed. This is
deneral Iy EEFFSr 239 §E%F§8elvg§§£ %ﬂﬁnmffh RS wat er
r enot ealpleperahdd pimmm ( R@meczta&ngB‘ma/\ooam 20208 rPEl G801/ 04023 2
separated by water. In particular the worldwide expansion
of the telecommunications industry has been largely
responsible for the increase in buried underwater cables.
15 Conventional cables are often buried beneath the
seabed 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 léying is mainly due to trawling "otter"
20 boards which may penetz:ate 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 correct 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 shii:. However, this method has a number of
associated problems, particularly in that wmore 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. This is generally'performed'u81ng
a surface vessel along with an underwater remotely operated

vehicle {ROV) .-



. A typical cable recovery operation involves the |ocation of the?-r%ng\BaIw%
part of the cable followed by deploying an ROV to a position on the seabed
close to the relevant section of the cable. 5 A standard cabl e nmai ntenance

ROV | §Fopbomeed With water jets powered by on-board w,%r Awips and these
jets are used to excavate the shall ow sided depression. Ee maxi num angl e

that the walls of the excavated depression nay make with the hori zont al
pl ane depends upon the type of 10 séabed material being excavated, for
exanpl e sand or nud. _Typic such an angle |ljes wthin the range 30 to

: |1y
45. The exc&vat¥Bacpd p‘éﬁ"‘]Pi?rreHeGﬁY?Fyt *ERtRmMt WL BESt NebRabl e i s
exposed lakcatienb @i ophef relevdaps eparonofThthe cdi$der €s1dcdled Neyperi meter

of the depressi on an 15 mani pyl.ator _arm attached to the RQVL1s then
oxt ende ePIEY 180 o BPls EPoR SO IR 97 SHe RSP S F 1R ae (PBhed .
adj acentrellegrangbkect Aohydfathec calflieer attached to the rempte end of the -
mani.pul ator arm, s th us t Q sever C e. A _20."gripper,, having a
i fF ing |i neiatﬁtama]oc?ﬁgesur lg%:teer%/ééskgeel ﬁB{lls %eﬁqﬁf'PgSﬁledﬂf%h one .
sever edwaherofjetsepowebkd bys pmg boRardnwaitpor propsammd HieROjet®n noves
anay andrbheefflle dfliedehe RN Aaadus dihides LS antha i nch
er severe 0

The ROV may also attach a pinger to the oth end of the cable
such thBeximum angleethadi (bhe oéallel ¢hHt Bheapdcavasedaidanrassion surface.

Al't hougmayhmg%wkwﬁbrmlhgaaareoaegeﬁaa%?éﬁféﬁef%é?@f es buried
to.around 1 netre, (t_has_been found recently th sone, new fi shing
metPodsee@hpropabiersel aginyg FrcaNatedy %8%1 ?g/‘W“P n §FHTe R3R r“&%‘i a soft
seabed Tgpigalltpt Buch &ioandlie Meesewithhihsthé fatgeespPaees4s®. _
i ahi ng. _OneTka AR e i, B P gech B LD, Ui a TE et SR (Tl cabl 68
~ deeper bie hcabléecls eatpobath dat3 Stheéodhiiom ol dieh depremsd aregi e i s now
bet weerggy anthgt s Malt’ €fhe PeBifiEPef005f the depression and a
15 manipulator 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
h vessel, is 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 cabl_é such that this may be easily located later
‘and ‘also raised to the surface. .
Although this conventional method has préved
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
& depth of around 2 metres. This of course rlaces
',convention.all}—r 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.



WO 02/ 20908 PCT/ GB01/ 04023 3 However, conventionally equi pped RO\/szaa A:EB 2005
designed to |ocate and excavate cables buried only to a depth of around 1
nmetre, in addition to performng cutting operations and attaching recovery
grip X ch ROVs are al so capable of 5 reburying to a

sim P‘g(ﬁ’é?é’gﬁ of 1 nmetre. Standard cabl e recovery RO\};S gégﬁgﬁtﬁypi cal power
supply of about 200 horsepower which is used by the on board systens such
as upwardly directed thrusters (to3 increase the ROV s effective weight),

manoeuvring 10 thrusters, hydraulics to power a mani pul ator arm and wat er
j et punps Cibwesréyr cefivehtdgornalidy degpippedaBb¥saaserdessgnedobbem in that

depr oo dPBRYE, aRHCBXERTPLE TRIPEES Mot Sha Y, B CHPRER BE ERBATR ent

the sildeetrevi dg addiCiovetp pealfor@igch ot bing feperaipioppvwend t o

excava ‘ ' LN &, A bLet i sign and
constr%gf ?gﬁggpa%g\%?g%??@b%%% ngg%a%?g %?EBZC? ?’%?%gg?hi s task is
extr entebugydag tisl eablee seoRoRLdLRF. dePSHMARRY @EtESE | NVENTI ON In
accordance wWhlaarli re&lbAsSPeetofbriNdresaave iAVeppieal WowesVvi de a
met hod of accessing. a cable or pipe 25 buy[ ed underwater .in a |ayer of
mat er i BPPPLKe OfetaRRIte #9R | BPRESPOWRYi WHigh o6t RRFAuEH he 1988r  of '
mat elr3 | Bbabi féyégéﬁgg Ngidke a8t af;iﬁ{r;maxy aﬁ&m“ecﬁ:l&?ﬂ ttﬁhi:-usuehst hetot hgl t ool
may be,positioned at o jacent .t he.position t he 0 ried cable or
pi pe. ﬂ“ﬁ’érﬁ?ﬁ_?entt}f‘%vekpﬁgﬁ' ad%—fgggﬁﬁ he W7ot ehs. cé’ﬁ%’ép b‘%?':"l?%e deeper -
bapi al thtustbkss hydpanlidsnigo powee|a meriphlsEtonorgs And wateexabl es.
Rat her é@aélu gavati ng a shall ow sided depression, the toeol of the'

I nventi

B preseniI on is 35 arranged to pass through the material |ayer by
using the Cables buried at greater depths cause a sexious

‘problem 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

sides caving in. Conventional ROVs have ingufficient 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. ' ' A _

.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
as arranged to pass through the material '1ayer by using the
power of the ROV in a localized manner to fluidise the
region of the material adjacent the tool. 1In this way ‘the



power of the ROV in a localized manner to fluidise the region of 2tﬁeFEB 20
material adjacent the tool. In this way the 2 8 FEB 2005 WO 02/ 20908
PCT/ GB01/ 04023 4 conventional power source of an' ROV may be used to access

a bm\{(?%l qbg € or pipe despite their greater buried depiisBolfago280ssi bl e use
of a standard ROV al so advantageously reduces the cost of nodifying the

equi pnent. 5 The nethod of the present invention is suitable for in situ
mai nt enance or repair of cables or %$ipes buried within the material as
well as for formng part of a nodified |ifting operation for retrieval as
descri mshvenwidng) pdwsmgouxiae | ;R PP @Yﬂben’éﬁﬁ@dt@f BOFESS esent

| nvent i Rd NRiRlobe Bepksalsharacenssrbyrbadesablesenr deppen at any

depth wt eria I ncludi ng those buried at the conventional

depth of ar Sthel PPsadbie useret 13 tandans &OV fd SRadVPREFRPISL Yachi eved. by
a 15 suchidk NEidQhdth ofhinidi iR A neval e@hiphemei sed material .  froma

regi on adj acent the tool causes further flujdising . n iﬁ]c%reess of water

to X he regi dﬁhev_“ﬁtﬂ’@fdnﬁfi%?ﬁ’ées%?é'rmfﬁt%%%é[?é‘%bgt? iFedf wat er at

t lhe mtzsqrﬂgﬁhaa@%em@%ﬁgftrépam ot L&a‘hiﬁ@didr Eﬁ.@és b&fribhlles:a.thlm hgdshmay )
al so e used,in conbination. _.In nera e.togd w .ur.ged throug
t he L stﬁ'ﬁg‘?arﬁ‘?’affpﬁ %20&'?%?%%?%619? a?’th'&c}g%‘l%tdﬁé t ool nay
al so b4 ifuiargedpérathionst EerahlerrithvmIneabodeseyibpd oedtre fTuddlyer conpri se
mai nt ai n ng, 25 a fluidised 1ayer of material around the tool either when

i
the to 6115 positioned within the material or when the toogl s being urged
t Hiough t he ImterindipleTiite imethwnd (ol Hre yPregoaht 2GESRS1PBcH@Ye when t he

I ul dl Stk ibd Gsddf v DAL SRR {d@esaifed Yok pipeaabedamyt er i al set
in a 30 very rjigid manner. Furt'herr,mrg, f.| ui &gg a Iﬂ%‘%r _grgﬂnd t he t ool
! r educesieptike widr themateriabt 186lbdipy El’ﬂ? RRFAFDngCathe |
non- r e¢onviedtdiorRAl Beptheiod altouridia musthosl. further conprises locating the
o The fluidising of the material mway 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 rhateri_al or when the tool
is being urged through the _mai;erial . "'I_‘h:_i.'s 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 arxound
the tool reduces the fo:ré'es upon the tool caused by
steering along a non-rectilinear path. : .

Pre.ferably 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 pxroduced
by the locator dévice. In this way, accurate positioning
of the tool may be achieved by guiding the tool in response



cable or pipe using a | ocator device, where the tool is 35 noved ‘Ztﬁr ggahzm
the material in response to a signal produced by the | ocator device. In
“this way, accurate positioning of the tool nay be achi eved by guiding the
tool in response 2 8 FEB 2005 WO 02/ 20908 5 PCT/ GBOli.?fRﬁ;%l,h‘g,zg he signal.
The W&R{28¥3devi ce may be attached either to the tool itself, or
I ndependently to the ROV. A suitable |ocator device is a magnetoneter. in
many cases, it will be desirable tg renove the 5 cable or pipe fromits
buried position to the surface of the seabed or on to the deck of a
surfacgcshing Wemal . TerAkenasaeo’ devpaer mapebet atttached didhmre easily
performed. The method t her ef Qr (o] i | ik g thhe cable or
pi pe udengthe| itaq glﬁ%ngi%e ﬁﬁh*ﬁggg%ng%lﬁegg% ;S)%Fef o¥ t'’he cabl e or pipe
is lifiedta®lae nesatbendenicer iadpaveghebomepesr surface of the materi al
Typically this will involve.raisiqng 4 : b HheeSahed by
attachi ng alfy M4y TRYFLe tlé t eﬂca %eh%?}gg‘lbgt%? the other end. of which is
at tachedblle @wesyel fyooh itE dwusierhipesithion peaetheoPWH@GR el may then
be used.to r.ovi de_t forcent0 dddit ble L£abherakdli FRiphHauge t he
mat er i g’lh.e ﬁ%a%%%l §ro:&%pilg%. %{? t<lli1en be severed _and | iftte’d to.. the surface
vessel meinkenameent oBnarePRineroPSRMEC hHe MAH| POr TR Y buri ed
under, 9,%9#1{33& el Y ppd tRedndBt sy Ot hepeeoial  fuhehent erdnipridmve it my
cause ?)%?‘Fgfql I cant resi st%nc,e t(;l%%e nn\{l%ﬁnt of et‘p«e cg&ﬁl&(}é L pe during
a |iftildgtaper shrPorabln oF P FFHHIC oM A & MR o Ty Fif t her
cappri g fbHigi phed of tiasdablhe @argipeofiditftedrierd 20%E5EPN adj acent
t he upper surface of the _mater] chet : rial layer is

-y sof t en@. CFh@IPGERE PBGUPPED F%&k?f&'tg tBEe?gl%b e?g?qt&qpe t hr ough_t he

Jmaterial | aggpicaliyetbior wildddovelveypriaing dich o the FW® $hg net hod

will be,perforied dl qig ddifeaberi fhidy 86vider eot ittie feibbei og the -cabl e
or P pgipe, the other end of which is attached to a vessel such

15 as a ship.‘ The power  of the vessel may then be -used to

provide the force to lift the cable ox 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 i:o 4 metres of material, the material above it may cause
éignificant 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 Hmateriél léyer 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 pexrformed 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 comprisiﬁg: o
35 a tool for accessing the cable or pipe; and
at least one fluidising device arranged to fluidise
the material adjacént the tool such that the tool may be



In accordance with a second aspect of the present invention, we gr%vﬂ:ﬂ% 2000
apparatus for accessing a cable or pipe buried underwater in a | ayer of
material, the apparatus conprising: 35 a tool for accessing the cable or

Pi pey ﬂy"t 2‘; | east one fluidising device arranged to pdpGROG6R023 he materi al
adj acen e tool such that the tool may be 2 8 FEB 2005 WO 02/ 20905

PCT/ GB01/ 04023 6 urged t hrough the terial layer and positioned at or
adj acent the position of the buried cable or pipe.. The fluidising device

may be use pr.opul si g evice to ge,the_tool, for
exanpl é‘rﬂﬁg{n anlEO‘lg fl edl%? ﬂ%a% Jﬁpy%ﬁpﬁpggspﬂﬁfg}oﬁl%‘#s%tlﬂo%ver,

pref er aghpceht appapaisds ivnl bff ﬂzhtehé:umm@raea&mlelto:tep;'speone urgi ng device
for, urging he ,toal..t hrough. .the. eri his may be
ach| eved usit fh;’l’d’rd&ﬁ'l Ay d é’ﬁy er l‘géuel({la%r?e %%ﬁy%&?r‘lle%ﬁan%sm for .

f orcing pheptﬁhshohhdevgbelﬁothngerathe| wbolaybpr emampdecvhent blef.| ui di sing
de\é' Cfﬁg" dagliﬂﬁe ﬁév.ll ésé i GO Wl JF]@E'sngHtB e’v‘é%StpPé'fePQSﬂrng ar ranged

ei er vva a regi on adfacent so as to. fluidise
rrat eri ahe @pgaratexa)vmll ufurssarmm@ser r 8t tllﬁélsflsﬁﬁ%giﬁfﬁ‘ ~84dj acent the

t ool . h hed to th
00 ggg%eang;af ﬁ?}_{,lhgn wt £ 16%;&@11 ORES mitd¥iRas Biya@ghed to the

t ool . era . be_ forped aéélOf t he structure of
t he to'é'YPlﬂéﬂ-lé’xarﬁiPibSvW@m Ret I"i’é’htl&ﬁ’leqﬁo‘ﬁ%}ﬁg S'Xéﬁ’ &7 9Mi®PRal bore. 20
The 1 gigdes 531 €8M1EEAFRYe MEdHRI: 0T Foraiingeabie took-timpaagh which
takes the form qf ag ening comunicating wth the conduit. Oher forns.

oftOnozthe Waberdal; %d to be steerable. A nunber of nozzles may be -
provi ded f oIneaeheradndiie ﬂlndld:rs:geg\etﬂedrlchemlld-l diasfenatieleastwi [ | be 25

PO {1 ghec Bl €85hadLige | FLE0DSUnenh o bhca ool fo SoEREE! (o an

'urglng urdi sin eV|c have a nunber of
condui Gebjearngeater akged aregdonhadiagent oft heetrsd| 20 as
fluidise material; or to remove fluidised material from the

15 region adjacent the tool. The conduit may be constructed
from hoses or pipes attached to the tool. Preferably the
condu:.t 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 nuniber 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

8O a}sl;‘.t;o maintain a layer of fluidised material around the

30 tool. Appropriate conduits and' nozzles may be used forxr

. this purpose.

Preferablf 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 conduitg arranged to remove
fluidised material from the region adjacent the tool.



so. as, to maintain a layer of fluidised material around the 30 tc?blg. FEB 2005
Appropriate conduits and nozzles may be used for this purpose. Preferably
when the one or nore first conduits are provided to deliver water to the
regi on adjacent the tool as one or nore first cond | ui di sing
devmaro2/opd8 35 al so have one. or nore second condui ?93‘??‘%@3%23 to renove
fluidised maiterial fromthe region adjacent the tool. 2 8 FEB 2005 WO
02/ 20908 7 5 PCTI GB01104023 In this case the first and second conduits are
preferably arranged as an eductor having a nunber of ducts internally
connecting é;fhlt rst g g saeond iceRduiahng 'sféesﬁd dmm&uiﬂtserar@art of the
roug

wat er 'sup the-first ond It ondui t (s)
there@raﬁaxabﬂg(t&i@ﬂﬂ&ﬁ‘%@@ gn ey G’rrt ¥§L é ggdéﬁa et?tl:% t hr ough

the sg Q% %y5 AfhnHe itQ0 th&aflﬁﬁﬁIﬁnd:esmqmﬂ m\Mﬁ"l puFhe®® arm coul d
equal I'y"bé used as a Alternatively a.r up%_. ngilapce. The use
of a J@ﬁ%@mw%roﬁr%’%oﬁéﬁ-e%‘t?ﬁf/fprov eésughg&eﬁ%oglof steering the
t ol Q:;brquﬁtgggﬂ | DR d f‘ﬂ'xe a@éccﬁmi ofordicit [®) rthexebyxeawstndstiA§ hydraul i cs.
The joint be aH d éo %alt%\glgliver@gg.o@@wt t@l@urrggeoﬁa axes.

1ngress

conduit (s) .
The tool may comprise a jointed man:.pulator arm.

Alternatively a rod or tube -could equally be used as a

10 fluidising lance.

The use of a jointed manipulator arm conveniently
provides a method of steering the tool by controlling the
action of each joint for example us:Lng hydraulics. The
jc:ints may be arranged to allow movement about a number of

15 axes. _ _
Alternatively, a lance provides advantages 1n that the

use of cémplicated 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
substanta.ally perpendiculaxr to the elongate direction of

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

Typically the tool will also include a manipulat:.ngr
device capable of manipulating other devices such as the
1ifting device, a grippexr 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

15  a burled underwater cable or pipe will now be described

with reference to the accompanying drawings, in which:-




Alternatively, a |ance provides advantages in that the use of corgp@if:é@ezgﬂ
joints is largely avoided. " Lateral nmanoeuvreability can be provi ded by
noving.the ROV to which the lance is attached whilst the lance is

posi twowggoo® the nmaterial. This may be ai ded by fl updiradBegiosnze | ayer of
material around the buried part of the | ance. Wen the tool is.an elongate
| ance, the urging device nmay be ar%anged to rotate the |ance about an axis
substantial l'y perpendicular to the ®longate direction of 25 the [|ance,

bet ween tlon Stora Ltion,and. an r n i:cal ly. the tool
o el et armte £ i A aPieRRE e ehd MR AR A e BERER R Ll her
devi cesn s:mﬂnaiaslyhepetaﬁed ngahtewle:eaceo:gdlmgetooa ﬁlrattengmpéﬂ ce. The 30

mani pul ati ng,deyi 6%(} t%%sus&ge rcc%I %spé)?g tf}gﬁf% P| pe. BRI. EF

DESCRI PTI ON . onme exanpl'eés o hods™ an appar at us for
apcessian:g:oﬂﬁngatbuthedfilmtmmmle:abl e or pipe will . now be described

ref er %&:‘ﬁ 0?0 Zggc%gpéﬁﬁéﬂ%t%a%i‘ . df" Mhiechend QFFERR00 WO

02 0908 P ure IS a sc erratlc side view partly in
secti omacmptatamtm fo’%?lallétg Vigh| & | 2eceRer ekaliPi®ia first exanpl e;

Figure 2 il |F&'§ﬁfé€$4t hes aGEessetich bW hesn bI gneac§gi-g| ngft 0t he first
exanple; 5 Figure 3 is a_schematic view of t d, of EH}:? manépul ator arm
accord“ﬁ&"’iﬂiﬂaa"s‘@éoﬁa’m Shawing &R gdnternal aCQE Bibn oltgf20fe part of a

mani' pulagr@mcEn@stpW ng an internal conduit and- nozzle arrangement; 10
2l Second BT SSS o 616% ERaAt (Rudt ISHTEh BrCRUFEhoPE I Sher ated
vehi cl acammﬂ:l(hglg:cb cthe thinst swhpaesond Eagwpked; shows the drive nechani sm
-)for the lancﬁ.gQIre 6 is an illustration of a remotely operated
vehicle according to a third example; :
Figure 7 shows the dr:n.ve mechan:.ém for the lance of
15 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 accordirig_to a fourth example;
20 ‘Figurle 10 shows the eductor of the fourth example,
partly in section; and, : '
, _E'igizre 11 shows the eductor, partly in section, when
sectioned along the line X-X' in Figure 10. -

) 25 DETAILED DESCRIPTION OF THE EXAMPLES ,

_Figure 1 shows a remotely operated vehicle (ROV)

having a jointed manlpulator 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 sect:l.ons 11

‘30 each pivoted about pivot'pbints 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

35 of the ROV by providing a downwards force.
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15 the third exanple; Figure 8 shows the access of a buried cable %@%Eﬁﬁiﬁﬁ
to the third exanple; Figure 9 is an illustration, partly in section, of a
| ance and eductor according to a fourth exanple; 20 Figure 10 shows the
educt or of the fourth exanple, partly in section; 311 shows the
educt‘%‘? f)oé’P'f "in section, when sectioned al ong the I’(ﬁr;fgs’br " in Figure
10. 25 DETAILED DESCRI PTI ON OF THE EXAMPLES . Figure | shows a renotely
operated vehicle (ROV) having a j@ nted nanipulator arm1l attached to a
tool skid 2 and a power source 3 supported on the tool skid 2. The

ITE.I‘]I pul at or @idide Cpr&lﬁd_:l_ﬁ@StHe nugberomfth@lmﬁ:psml o®nariml 130%each pi vo]E ed
about pi vot 0|nts JOVEr 4 SOU ica npri ses nntor 0
appr ox A& EEL fﬁ'ﬁ%@lfp :ﬁ t E?Légﬁo%@};g% c &9
mani pulﬁﬁﬁra’mr? hndipﬂt&ﬁedtbyoa hydr auI ic system 4. A number of thr usters
5 are also ov ded.in er e 35 of the
ROV by prOV| %&mﬁﬁgt ;})(?%%Qgé @gﬁééagﬁg‘é}vﬁhzﬁzg%%/ GBO1/ 04023
9 B gutha?: &hawxeﬂabteuendcxbf tthe rrmmlhhmramm tam condeaduwlny a cable 9
buried 3 te 4 o TBLLES bOEPohNGrsqaRar a0REBER! Whihadl caledpdly 10, The |ength
15 sic hat

of the10|n mani pul’ a arm | therermtee of the
nani pupezsartmnqd:awoeo#hm supfpcer efcivhe egpbedbdPi-ed at such a depth

whi | st the B@féh%wnoqa' bh&ﬁ%&l BPORHEN & ctHilAC S FOk heh asAFhathtldr As shown
in Figure 2, the sectlon th emanl ul at or 47&11 attachgdtotheRO\lls

connecB&R ila atkaghadipie tll% FQantl 1O e Bedr 3 ough an

angl e §bindppnoxi watehy wdp. Mef reotated ofhidigt oen skirylle hef two -

proj ecti n%o%rrrn%tea:% tigbween whi ch the joint 12 of the manipulator armis

A front end of the tool sk:Ld 2 has two projecting arms
‘13 between which the joint 12 of the manipulator arm is
, mounted. A ‘

15 Control circuitry and hydraulic connections (not
shown) ére 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 waterx

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 alo:i‘g 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 hose 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 Control circuitry and hydraulic connections (not shown) are provi 0
the mani pul ator armthrough the joint 12. These all ow each of the jointed
sections of the manipulator arm1 to be noved individually. Two flexible.

hosggéﬁ?@ag connected to a water 20 manifold 15 at teegheshijegozzhe ROV which

with- water fromwater punps within the ROV. The water is
punped * through the manifold 15 al ong the hoses 14. The hoses 14 are
positioned al ong the mani pul ator ardn 1 and are attached to it at a nunber
of points such that they follow the 25 novenent_ of_ the mani pul ator arm
dur i ngpasitiogarrapbed by ikhei Bapépelaberi mEesl Goldevemshi W16 such

t hat V‘g{:ﬁétfé?libﬁgof hcﬂlé‘%%%?bécf 101 FPCssh-2¢ D08 SF | the by m&s al ly
par al | ong axi s of the, end nost ectio % n& ul ator arm
11. 30ivrRcoRr@aries Mpkeh gélc‘-f‘f‘éilrﬁi‘s‘& %&%tseeﬂ%% ear%‘b% 16 .

fluidi ggg dHheHEHRL SU'IhQ%ndE:HSChil@véddleilﬁbethﬁaﬁlﬂH' Y diokdsn 1. The
mani pul at oy, arm of _the aent exanple is also equi pped with a nechani cal

claw 1% %:'--'tfflt?ﬁ? BeVIH n% and 35 closed hydraulically. In Figure 2, the
.Claw 17 is ghaspindg of! idf t Lagtdayi deirds nhi cisi sutelc&saibtp fineed around

th th I pul.at t FEB- 2005
v\oeozf 5%3'6:8“35(,4? 6 ;Tgﬁb%u?ﬁ&r ;mlé: eac‘% %S ec}ntrﬁil]et% % arm1l
foll ovw-hgcln lebozpeth et smifma)_f‘reﬂbelseeﬂréldlmw aip!eaqlcmgnto@ the hydr aulics
In ac | 2 |§ \LI eve? f lt{fl'1éj'1§.'f'ﬂgn fliﬂ@ f?aﬁ%ééauﬂg +dEse e Of the

t oot . law 1 he Tift]ng device 18.
Che ercalpte gtoj thengunfﬁ@ewf |t§’leat5tet?é?ﬁ§ﬁ "flbe%’?le-"-tl F“F‘L‘f RE HRAte 18 whil st

the otparn e ésc&g.p@ﬁ@igﬂap_omgnnétnch aboard a surface vessel. Follow ng
attachment of the

fhe 10 cablBiqwre 2 ShpYace GFeoRd CkaBBlewnt 8 MAHRP T HATT with in a
convent i agalvigwsdr frbmguilee Sremote arskcondsexanplthe ofpreviompul at or arm
example, a mechanical claw 17 is provided at the end of the
15 man:l.pulator 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 particulafly useful as the movement of the seabed material
reduces visibility for any remotely operated cameras.
A number of primary nozzles 22 are also J.nd:.cated in
Figure 3 positioned .substantially at the corners of the
endmost section of the manipulator axrm 1 as viewed from the
25 claw end. In this example the hoses 14 have been replaced
by intermal conduits within the manipulator arm, the
conduits terminate in openings 16 in the form of the

nozzles 22.
_ In the present example, water is jetted from thé__
30 .no,_z_-zles 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. In 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 -



.1, as viewed fromthe renote end. As in the previous, exanple, 628 FEB 2003
mechani cal claw 17 is provided at the end of the 15 manipulator armand in
this case the claw is also, rotatable about the |Iong axis of the

mani phRhed@’ M section, as indicated by the arrows ZQ,CT,(fB},tl}ahmexarrpl e a
magnetoneter 21 is also fitted .to the end of the manipulator arm1 to

act as a locator device for locating the cable. This is 20 particularly
useful as the novenent of - the sealled material reduces visibility for any
remotely operated caneras. A nunber of primary nozzles 22 are al so

i ndi cateiithnthéi gty pas meiotedn suBsyent ofll Eyuatiskd meteedslof the
endrmstaé&ﬁ_ﬁéo#tgélf he mani pulator arm 1l as viewed fromthe 25 claw end. In
this exanpre thé hoses' 14 have been replaced by internal conduits within

t he mani pul aflbe primamheand gricondary arozpbes aneopanhngonteckted he f orm of
the nogglescélaulp 19°pREeEEBheRXWRE Wi hddy |6# Lafle! uofm Ghe. 30

nozzl es 22 and eac e nozzles 22 is steerabl’'e to allow greater
con®rol IMuthi@ f rasdi siash rPrgEle R3hdks faEmedr FEeRe® BRIEAY nozzles

nmore  chodddVeal bddtiSnC83CaniNafdektéPial Eudie PRI BeRARE €he a nunber
of secondary nozzles are arranged al,ong thﬁ {Sﬁngth 35 of the mani pul at or
arm fdsa rRhexiqedi portismhdl iLige: 3 cheBReE Jdr 6°1Ne¢hE% R ovi de the
mani pulﬁi@rc@ﬁ?mgt 83§FB .ﬁ8@gai&dm2baomln%ﬂs%ﬁd Qﬂﬁﬁ}iﬂ)féﬁ ﬁziat fot he abi | idt y
to maintain.a r. of L di se: teri round its . _The _prinmary an
secondar%’lgﬁ #d‘??f%)s/%é’r EUE (':Eihé nh’?&g%d P ‘éhgo‘ﬁ'c L‘thll 3%0@?& Bﬁgﬁ wi thin the
boLy -ofthHrwergh tie chanbelr 33 andeousiclthronghe the | Buinghedle f vdm a partly

SPheri Gile SELLAN H LAt O FNdlafdingle Jacdefindighe partly

) spherical portion I'Tes a ¢ er, 33 connect eq e conduit 30. A
J channel .34 dafhaeszlge aRdnbe PTG lahshe prdmayy B2RLEeRaPaYat er from

.the confuid b dEdeRase HY tHohatghodds GRmyitiioned Dutatbresgh the
funnel 32 Mdon oS e nb 228 98rmi 8 Bhall Ues G bifeBe 8L hg ™0
15 gears for each motor arranged to mesh with suitably

arranged racks on the spherical portibn 31.

| - Alternatively the secondary nozzles may be static and
directed -subs-ﬁantially 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
imried 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. Wwhether or not the use of
thrusters is actually necessary is 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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Each nozzle, and in particular the primary nozzles my also be st%é#ggﬁe
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by four notors 35 positioned in a cross formation around each nozzle. This
can be achieved using 15 gears for each notor arranged to mesh with

suitﬂ@%y ranged racks on the spheri cal portion'31 é% ﬂ@kively t he
%P n y nornal
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impact agalnst the s1des of the fluidised hole created by
the jets. In this case, the use of additional fluidising .
nozzles at posgitions 24 is desirable. '

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

During the descent of the manipulator arm through the
material 10, the meehanical 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

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

be lifted slowly towards the surface of the nmte:ial 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.

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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10 nove through the material. In systenms with steerabl e mani pul atc?raaFEf% A0
-having joints rotatable about nore than one axis, the steering may cause
part of the manipulator armalong its- length to inpact against the sides

of t |.ui di sed hole created by 15 the jets. In thi Cﬁ'ﬁ?ﬁﬁ]’ ‘ use of
addipﬁ)owé-ugl ui di sing nozzles at positions 24 is desi%ra e.m%'l%g renote end

of the manipulating arm1 is brought into close proximty with the cable 9
and may be finally positioned usi hg the magnetoneter 21 during step 53. 20
" During the-descent of the mani pulator armthrough the material 10, the
mechanicadll ec rsgoverholoperatdepl énl whithgthdegabiewhs ctnpreandetle gri pper

'S on. S..mmly-~a === WAl y P, e lifting
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at 25vessglsiforhappxeppdphei menain i 9Tt Fedt@nanded affhdSeplss and the
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the | ocation™ Once t I,S clear of the location., the cahle may .30

"bS lifted & GALE SHATPde HE SHOWRCdTHF ISRt fil8-10 IS the 1ine
19. fregskhaise!r i3 prastRIr kit ep £5. répladedoenhfinteldridirdefore the

liftin t he seabed above the, .cable e.softened hy. a flui.dising

oper at %&Hlaéﬁw%ﬁ@% &fr Jc?}hv%ﬁt?gﬁ%ﬁ: %\/g.o'gge\/\ﬁéﬁetr?eé ::{':}b?e has been
b{ ouggl;OVZ?t Pﬁ_ihguraf _&@Fa:zfﬁbﬂleeﬁri&@bmécl&nﬁdte'b d:li.f:im ilsarice néMat edt at I

step 57, is._ poin e c . Lk ga as a,conventiona

2 8 FEB®20T™ 09’(.(5?3 5&/ é&%ﬁ%@gﬁé‘?@?ca&égrﬁec%g&ry"{g era t?on I n which
t i® cabbwstyuctedanfiramheani appropraktendetale suehghes Ehimsiatkessely onto

t he su% agg¢. vessel for appropriate repair or maintenance. This is shown

generally at step 58 in Figure 5. 5 Athird exanple is shown . ipn Figures 6
to 8. In thfge Gﬁ-'si'é’et HeeGRARIM o br 18 AYFangsEtacks FPtatradthgat e
fluidi gitl. dedfpsscttOtvhictle iROWt baehed Har tbhesildmceofed hean be.

rotated between a substantially horizontal storage position
15 and a substantially wvertical.- operation. position for .
fluidising the seabed. A .
Figure 6 shows the lance when stored in the horizontal
storage positidn. The lance 60 has an internal hollow bore
, running along its length. A number of jetting openings €3
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 opé.n
end 64 of the lance for use in penetrating the seabed. . The
other end of the lance 65 is connected to the ROV u'sing a-

. 25 flexible hosge 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 movemént of the lance end 65. The
hose 66 conmects 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 ig releasably

attached to the lance 60 with an attachment member 68. The
hook 67 comprises a substantially U-ghaped section ang 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.



ROV 3 using a rotatable drive nmechanism 61. The lance 60 is arrar?gngE% @«QS
substantially rigid and . may be 10 constructed from an appropri ate netal
such as stainless steel. The drive nechanism 6l is arranged to be

. rota ith respect to the ROV such that the | an Q&'“P‘ﬁ rot at ed
bet \Aggg&‘zm%&#bst antially horizontal storage position %m«?\%g stibstantial ly

vertical - operation. position for -fluidising the seabed. Figure. 6 shows

the | ance when stored- in- the horli4&ontal storage position. The | ance 60

has an internal hollow bore running along its length. A nunmber of. jetting
opéni ngs 63A80iar tharpraytouatexaute ormnarauhdhmn biﬂngnghblm%ngt h of

the | agae. JHICSECOBIGE roN LU BERR 97 e it | BRHEH LAl pedyrOnToNt I

addition, the bore passes throu an open end 64 of the |ance use in
penetrattﬁgheﬁet@eabéurfaCEheesgﬁher end of the lance 65 is connected tQ

the ROV usi @Head%%élﬁébmﬁl&ﬁsel 68 adFhrided z%@mlzytfte Qosschs arranged

to retract .into body, ensuring that only - suitable length is

r e8| edthat lanee 05Phet%%'ﬁerﬁo‘6f apnfe YabRkeerd 65‘ °H¥e aRosFEHB connect s
t he laﬁé@péﬁd@auuakereal e fﬂ&h eCh dEredPisnppl ied 96t halwder using

t he wat er - Egn@ ROV.. ﬁceg@ oJ[the ogﬁn end _64,_a h.ook 67 is

r el easBBPYLAg tH&ﬁBdeBHFhé i 1#°GR &Pt kén 8. The
hook 6&1:C®d3ﬁi.0ﬂe§)aﬁ:'aﬂl]b§1arﬂlahis lshagpte stioteoniend d'lzhlajeieect abl e
menber i dt [ds it oLt P i de of the
- hook. 1&' gl’?ﬁe c%\,@:’eldeg Iaafcgp%eldsg)cqt#re (i'l[al neé %\%eag%ﬁtloned '
W0 hi nlm hElb@@?le 67. 2 BvFEBlab0gear OZBE(B@OS CH@CEFD&G@SC!M;% in the

previ SR d%ée]%f%@iaﬁcéi &ﬁarwréirﬁeshé& with @d geiietbi® the hook

—~ 67, theother end ing attached a_surface vessel. The, drive nmechani sm
/61 i s B rehEBAInSheo MRS '&??%%15'5 F e REWNSFHH PE-BhSRNARMR 1ot ate it

about mftdxi S .Similarly, smooth pinch rollers or hydraulie -
actuators could be used for this purpose.

15 Returning to Figure 6, the lance is shown as arranged
in its horizontal storage position. This pos:l.t:l.on is
suitable for deploying the ROV and manoeu_verin_g' 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 mechaniem, the hose

25 66 is reeled out of the ROV housing. ' '

| - The range of possible movement of the lance 60 along
its elongate axis is 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.

Pollowing 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 is therefore fluidised.



perpendicular to its elongate direction, it is also provided wt h 2@ alrish {280
nove the |ance 60 to and fro in a direction parallel to this elongate
direction. This is achieved using a double rack and pinion nechani sm as
shown 10 in Figure 7. Two flat- gear racks 70 are at pagtsifdifos23 0PPOSi Ng

si de¥OPHE | ance and are neshed with two pinions 71 within the drive'
mechani sm 61, powered by -a suitable notor. Sinmlarly, snooth pinch

rollers or hydraulic actuators cad d. be used for this purpose. 15

Returning to Figure 6, the lance is shown as arranged in its horizontal
storage posirhiONpiditss POSi tdfonthe dadiveabtartbageeslloyars therROv and

ma. noeuveri-ng it underwat when, not _i.n _cont ] . The
hor i zoFPEPt§8oF89%r?J‘g‘ﬁ]\tlﬁ6$°£qe0\%g‘et %3%&/&3 ofﬁéo}l\%%%e%% fgf %Blﬁ t he seabed
easi | yitEnpasidageRP¢ ignablegodiyt itthe ufbnidheisgaprdceste’ AgEiive nechani sm
61 is operated,such that, t . | t ds the
drive ﬁ@gﬁﬁﬂﬁ‘ r}]Vgi-_Y %n‘%}ﬁ i%ﬁzal%r%ngé ﬁ?ﬁggggggn%é%%%§%%g%lc?\r§?m the drive
neghanuseyl tbeakhdieve2bhé8.is reel ed out of the ROV housing. The range of
possi bl e moygmenty 9l §0RcbaNGE OPeabiBE {he elaFEd AASChS. (M anged

|

such that t I'stance between the drive nmechani sg.i 61 and the end

64. ismetres tfhabhistemampbelhddn ishdaghed HhRFTHIER € 30 seabed

10. Thiso£NeH esst hat bheaends tdndoespiel ¢ npaathe agsoiisist hexeabed upon
subsequent rotat]on o? i

e NC I NS NPT OO R AR
waiger {itRgghwnle Whee tife ®OY hhenpethembuedet60a tanfeedistands of the
horef Bhe FraRA taqhes BrERAGitha it O et 0l ThE he
pi ni onsu¥facé -tife ttei veabedri age 61 are then rotated to gradually force
the lance 69,inja, the ¥8##edudnd td t soRaesR1y iposividedthy- Wev | | ui di sing
process. Aga} n, ‘alternatively pinch rol]ers or h)é%a”ﬁ'a%caed ugg or s coul d
be- above - the cable 9. "However, ecaus |
15. substantially rigid, lateral movement of the larce 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 lance 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 o 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 mamner to the
30 lance 60 of the third example described above, with a
gimilar drive wmechaniem and attachment member. In this
particular example, a magnetorheter 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
comprige a central tube 81 having an intermal bore, flanked



5 used to achieve this. Once the | ance has reached the required dé%ﬁthg 2
metres in this exanple) it is locked into position and the hook 67 is
attached to the cable 9. The hook is then released fromthe attachment

ﬁ)’ (}ﬁ - and the '"lance ' is " 10 w t hdrawn. Werpdirepdidodzas been
rmve Q% safe di stance, the cable is then lifted using the l[ifting |ine
19' to the surface - of the seabed, it may be difficult to correctly
position the ROV above the cabl e $° However, because the lance is 15

substanti al | teral novenent o an 6 n e seabed

can be%h?b‘%]éﬁrbf Xal‘l"‘fpmﬂﬂ tFiB‘{’ ﬁo??i |s ga&n%%gbac%iﬁeved usi ng

t he coRyeekingnabotlr, usherdlayeterrsobfthdﬁeeﬁﬁnﬁalatubm Ay ds|abeutl search to

be made for the ca r oyl si he_o N t he 20

| engt h180 W | q%‘gb%s@e@gY é? %%@agg{:%r ?)gl Igl%'syurroﬁi{fﬁ: ngﬁq%e part af

‘lt wntauaetshefsemd:en-a:xfalultummlo@rtrmwlaammneﬁ udieatring of the
ok O 83, e YRl éf‘etfl?éO%ﬁtf’%]goﬁuﬁe”%%ett@{@tﬁllé%@%ﬁt- the

ce 8hd achne may be arranged to 25 be noveabl.e

for exahpl eutevutdbesBalnay aaan e dormeHe fEam 8noakhyYt FeFBi®Fe be hooked
by thesﬁgﬁgl}%% F’E?:Ve‘%ie”t SMEEthE:L%R?ChTE@@_ SRIEEr taBeandd haaglri ve
a

mechani sm res 9.to : ate ' al ternative e{?ﬁrrple of a

| ance 8ekeTkhe ﬁﬁy'mb@fuﬁx'éﬁxi’-hlﬁ QPﬁ?ﬁa%nn%rﬁfHPﬁ%rtrﬁ%nn%ﬁ Lee ~60 of the
third pexaepha ¢¢S ¢hiebed rahoe&kampflleh @ similar drive nechani sm and

?Eltf’?ggn?gttﬁ& tﬁ&n&é%%gle%%lqaﬁlkhﬁllg{%gﬁo%e}f er i1s prow%gd f/ QOt
separ aggteatit W the tibmeROwald -83Asrsh@eninectF tpran gnepdarance 80 is
conpr degtelll PR PLReldrael i e M oo o1 aniced 28 FeB 2005 v
02/ 20908 PCREEBELABYO2BO1Fianeet Helt: sPdedBiarhigbd ePANEELEE . 886cach havi ng
an i ngepARkubeEd £IbR 4igIERieicodmdthaicant ial aivheged te abpath
15. to the annular manifold 85 te‘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.. In 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 $2 and the
upp"er eductor wall 89, each of which are provided with
seals 93,94. '
36”. . Within the lower eductor wall 91, eight tubes 95 are =
- c:l.rcumferentlally positioned parallel to the bore 87, each
having an upper end opening 96 upon the upper surface of
the flange (within the manifold g85), 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.



D ¢
100 mm The tubes 82 may be separate or attached to the sides of %IQeFE” 2

central tube along their length as.indicated 5 at 83. The wall of the
central tube and the walls 84 of the outer tubes 82 may each be forned
froman a alloy"” such as stainless steel. Alternativel t he. outer tubes
82 P O¥ZR the formof flexible hoses in a sinilar #ﬁ'ﬁﬁ%‘?m}‘@the hoses
14 of the first.exanple . 10 At the |ower end of the | ance 80, the outer
tubes 82 extend beyond-the inner walFl 83 and connect to an annul ar

mani fold 85 as indicated in Figure 9. Referring to Figure 10, a detachable
educt or. 86Widdvigt rmasthedubeoman giest P8scannertal thes t@b@rﬂg‘:‘edttbo attach

15 "t othe sapul Uor P Ohd Bt AhANCe A IRAROR) Ve the | ance

80 in rem)V|n t he sea material. The eductor n |nne? circul ar

bor e 8¢a§§\s§1¢@t Eénﬂﬁeﬁ@@%r‘éﬂ‘gﬁrﬂ}’aﬁ& AUy '&OSIdﬁﬂlr@Ies c®Bss section
to thgp qes. sto (i tC N é:éﬂﬁ%@_:;@loﬁf theedhéesesﬁoon t'lﬂa afhredh- Upper

section t he educt or ore 87 i s bounded % an upper educt or

wapl 8§urm6raea§ the lowes %%% t8F WLl oYl take HRRIACeS URWREY®re 87 i s
boundeqleyi %eféa{de@tefthel @\zvs%me@:cdertml au@&s Asf kangaedZkse pyyi ded at the

- upper of section fl ange ving a l.arger dianeter
t han tﬂ 1SI cﬁé’f‘o%td %ﬁ,}ym&qvq‘ﬁseq-hg%gdlé%g?ci%oﬂ t 3@Ked*3%X he | ance
80 at fhewing HoWwrh 8he tmbeg bBewhlizhgentz2rantdhehductzpes eductor wal | 89,

cach of W' ghofte of e ok 36815, Rer e FaNLERE g oy L _educt or

wal | 91, ei g ubes are. circunteren I one par%l lel to the
bboe 8%, lameh X-¥dvidmy Rigunsper0endhgpdnibes & duetgpPér axeface of

the T 2006, (WikhhinidienPaRThe dsB5ledaRdoRrOMRlic COEWAZ LARMAE On the
undersi de_ of the eductor 86. "adjacent the 35 opening of the bore 87. Two of

t hese Wabks?hre shown. in Fi gure 10 2 8 FEB 2005 WD 02/ 20908
PCT/ GB01/ 046R8 aisvihbtiorabbtweem thikcfo@Btkoarampliet btrd wlige 95 to

third example, is that water is not only pumped from the
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 coﬁld_ 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 fir_st,
| second and third examples, provided that at least one
conduit is supplied to deliver the water to the eductor 86,

and a second conduit is 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

7 the arrows A (Figure 9). The water then enters the tubes 95
- 35 through the openings in the flange 92, and is Jjetted out of
~ the lower end of the eductor 86 to fluidise the sea bed
material. Some of the water is also diverted upwards into



the inner bore of the eductor 86. As shown in Figure 10, each ducz B & EBs 2005
angl ed upwardly at about 70 degrees' of angle, so that the openings of the
ducts 98 on. the inner 5 surface of the | ower eductor wall 91 are displ aced
UpVangs g2Mbehd ' espect the opening of the ducts 98 in the tube 95. This

al most fully reverses the. direction of any water f| B&TAZBMONR3t he t ubes
95 which enters the ducts 98: Figure 11 shows a section through the eductor
86 along 10 a line X-X in. Figureld80 The tubes 95 and ducts 98 are shown
circunferentially sEaced around the | ower eductor wall 91. One distinction
bet weert i1 87t khagughl bhenduche 98 his driedameal by tiatapyalid | S not
only puspedrh 12 HROG i di he_b mat erial through the

t ubes. 92 andigg’,aaggfsi ? al soﬁ%%#/egffg%%] sﬁe%gggieo‘ﬁu%'iﬁ¥o§ﬁdi% t he

| ance SECURAAIGE atasoial &9 beddvden -inte thedovrel gyube, 81. The.
action of tmngyidu S Lyl di terial .t9. be jetted up the
bore 87.. An addi ﬁ?\g&ﬁﬁéjnpggb%g?éjag Eeq%%ﬁ%f?éj dlﬁ‘gésagsjdu dto

r erfbve-f SXFRANS Gl (Figurgs, 9 i) thenpatdy die cedacitiori 863l wheza es may be
provi dedheal fingi dired epgd hmateldiend anger enshlie, t terial

sur rounging %ng | ance 80 .is fluidised, %ﬁcé&g%hct&%ﬁ%én%ees%;?geg%l nthis
exanpl € can PPt « BRwasds, o thgoughy  FhesbaecriBedai ndésemedbion with t he
first, inddcehedaby ther drewweples, provided that at |east one conduit is
supplied toxdel. er. t.he eductor 86 and a second conduit is
al:'so suppl i%dgltflgér%élr%\gglm S:'f'*"'(]o*acﬁ SRR eF P aFhato descFiPed 48 Figures 9
t 011, apfocEakiophewdthachhbl e fiswtct ands6 sesohid t askdmplds. Nesif ol d 85 of

the | ageee8H; I : BN ] ed down, t he oyter tubes
) 8D of Loe aneR B aven i i % GG Bt - PRARR LS e Faedar 1 ous A

(Fi gur‘gl'%‘ thepdanees: &henB@neér $hendhinstsand S uritho ugkatphBespeni ngs i n
the fl oegped®2iwelblyis jetted out.of the |lower end of the eductor 86 to.

fluidise the sea bed material. Some of the water i's also diverted upwards
into 2 8 FEB 2005 WO 02/ 20908 ' :



18 PCT/ GBO1/ 04023 the bore 87 through the ducts 98 as indicated byJtheEB 200
arrows B. This causes the suction effect of the eductor 86 by encouraging
material to be drawn into the bore 87. This generates an overall induced
flow indicated by 5 the arrows C (Figures 9,10) beneath the eductor

86, - WRI%2098Bhe ] uidised bed material is renpved. ThiRCTHEBM/GEI is then
drawn upwards through the bore in a direction indicated by the arrows D. A
. substantially simlar nethod to thfg described in 10 association with the

- first and second exanples. for accessing and recovering a cable may
therefore also be used wth thgg%§£@§§ 60, 80 of the third and fourth
exanpl es "respectively. WO 02/2 / GB01/ 04023 19 CLAIM5 1. A nethod of
accessing a cable or pipe (9) buried underwater in a layer of materi al
(10), Hhe mat hash h&qCYEOr giyn 0 r h yer -of
material (10) by fl u:aoﬂﬁ)s?‘?\é@?méﬁ&rmthe%%i%d}x( ?hcew?oo ‘35%1 @such t hat

. the tob‘Pdﬁ"ﬁVaﬁ'@rpoﬁlt i Bne%lalﬁ?r rohdjmataniahe bb%) ti obh®f methoduried cabl e
or §i peomb@iging:met hod accordlng to claim1, wherein the material (10) is
fluidised using suction g thogmé cordln to claiml, wherein the
material (PP A &Ps &)u§ gug Er - F@F ST makaHAL otk di ng t o any

of -t hebgr emﬁidmgmgatha maﬁérﬂdﬂbrmj‘aéélettﬁmé tsolr gy slviougiag he nateri al
A-net hod. accor di ng

10 tantial I |

Lo b1 abfeqeoftelay, B8, eBpaibhel’ hodhn sl afem Fhe SoRAamIo 10 6. A
nethodthechULﬁg tebdmyotf pibe.precedi ng clains,. 20 further conprising
Malont ap i NoadmbbGH Seddrdlitly o 15@%':?' FhavRd ! el Gleathian the tool is

positigned within _the material
{10) is fluldlsed using suctlon.
3. A method according to claim 1, wherein the material

{(10) is fluidised using a water jet.

4. A method according to any of the precedlng 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 wheﬁ the tool is positioned within

the material (10).

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

comprising maintaining a fluidised layer of material around

- 25 the tool when the tool is being urged through the materiai

(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 signél

produced by the locator device (21).

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

wherein the method further comprises lifting the cable or

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

adjacent an upper surface of the material (10).



)

7. A method according to claim4 or claim5, further conprising 28 FEB 2005
mai ntaining a fluidised | ayer of material around 25 the tool when the tool

is being urged through the material (10). 8. A nethod according to any of
clainms, further conprising, locating the cable or pipe (9)

the PHRF
using a tfzfyoo%i%tor devi ce (21) attached to the tool wherRGTGBHO40230] 30 is
noved through the material (10) in response to a signal produced by the

| ocat or device (21). 9. A nethod aggprding to any of the preceding clains,
wherein the nethod further conprises lifting the cable or pipe (9) using a

lifti ngltdevikméﬂﬁod9hc&utﬁlh§atoabl|aﬁaﬁts ,3wiaFd i 19f tﬁ@efS?l?: e 1y f' pe I(9)
e ma eria

Is lift tqi on_at _or dj acent per surface o
(10). Zﬁgﬂ#:EEﬂﬁ 0%28@85 %ISJ E?‘@EO?@ F AYHBERBE &tording to
cl ai m PR mirtade dbride matdrifal t{i®)cdlk Profvifliclt Hyo a2 vty on at or

adj acendy @ 4/ pép? %yrface of the material (10) is provided by a vessel
such as a shi }i A net hod according to claim9 or claim 10, further

Conr | §11ng A un%ltls@@gaacordeast ‘tat hel sk t 9 obxt el etk €10l fubdpesr ( 10)
et et iy SN LI 408, TP e BRI

as to reduce the orce required't

mat er i 38YSFR ((&Per pdjarent Adphe atuppenr suedess nguckcalthator thepe (9)

bur i edmalﬁ&dﬁb.\l/at Bayk® alé a)é%fﬁt@ileﬂat%' als (£8) é&@e?pﬁ’ﬂ at E% gonpri si ng:
|east “ORg" f 1 ui di sing.

a tool for aliccef 15 i‘ e or pipe;
devi ce 3 Ak§S © HEFakbe %?fg%ﬁ%erE(t@romphd&n waterdsl such that
t i@ t odhyel) {lmiy be. urged through the material |ayer (3.0) and positioned

o o B SCRBbRh AR 44 ) %S%%ﬁsi"%l%} R LN
ur gi ngURAeTYaBETt hqc:@)ugh 1amjer of material (10), the apparatus
comprising: . : .
a tool (1) for access:mg 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)
way 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 compr:l.s:l.ng at‘
least one urging device for urging the tool through the -
material layer (10). ot
14. Apparatus according to claim 12 or claim 13; wherein
thg 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 fluidlse ‘the material
(20) ; or remove fluidised material from the region adj acent
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 claims 12 to 16, wherein
the fluidising device is positioned at a foremost end of

the tool with respect to an urging direction.

-



material |ayer (10)-. 14. Apparatus according to claim 12 or claim33FEB 2005
wherein the fluidising device conprises a conduit (14) having at 25 | east

one opening (16) arranged to either deliver water to a region adjacent the
; -or renove fluidised materi al

t ool ‘fﬁ"?’?" #) fluidise the material CLO

fromTthe é’g on adjacent the tool (1). 15. -Apparat BCHEBOWMIZY to claim

14, wherein the. 30 fluidising device conduit (30) is forned fromthe

structure of .the tool. 16. Apparaqs according to any of clains 12 to 15,

wherein the fluidising device has at |east one steerable nozzle (22). 35

17. - Appar a%a&%@sdhaeoi*&iﬁ@)t&farﬁ}@fﬂglég 50136, r%}l'ﬂaré{‘e fl ui di sing
enost énd o the tooT' w th respecrtL to an

device_is si,tioned at a faor
ur gi ngtbﬁer EgPilﬁlﬁ.S’@S %E‘WPEDQE;SOf’@Q@@W C@asimds 1&2)Appar at us

accor dergangednulehgC kAkNBehgdthOok 7t heh @8N sot BS fl:'d”rr@iﬂ]t@ifﬂi vi ce. has a
ength of the tool so

nunber onduii ppeni ngs 2 arranged al ong_the |

as to %é&ﬁ%a?% t\iu}%§g?t%F&?a&i §€8uﬁat EF?a‘F‘?&.o(ﬂ‘b qifhenwher) either
g/hén Sthbe'icziooﬁl is q:hcrm'sah'ﬂcnﬁﬂe' ' ﬁimiﬁi(&i ghéh%tg@,&ﬁi al1¢1Qr Whéﬁg%é he toolfis
ei n sLhe the eria 1.9, ratus according to any o

cl ai %Eoi{;%gv\g% F’%Hggf lﬁ??ﬁ(g‘ratth't%ﬂ%lﬁié‘%gmﬁt?ﬁﬁéfg 18ivi ce (21) attached to
the t . prerathieademadiong devany 621¢lasmarrangedd,o fpragiige a 10

o gna|céxﬁﬂi-§§&' gath%h%‘?}i A2l D 2i)ablaei\:tor | pe §9) sugh é'hat the tool
(1) may, be gui ggd to the Tocation. 28. Appar ct}'gecgcg r g tct(?o aim19,
wher ei FReRe1n| shet docageyi devige) (23)a imgnatangsdrto 2produdppar at us :

ageor ciiwnaD aaniektehgi ¥helld dcatd®n f&F t BRE cégllgoray ! %@g( 3 )9I)i fting

ool * (T e he ko B0t Sugedrte| traslagabbbns wherein -t he
tool (2. coppasatsum jadordiharte ZihirdiPRy ailsrels OfHeNYokatary of clains
12 10 glvidlDC(SL) i a magnetometer. .
21.- Apparatus according 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. Apparatué 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. substarit-iall'y
- 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 devic,el 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 fro_m

the region adjacent the tool.

26. Apparatus accbrding 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 comnecting the first and second conduits such



20 the tool is an. elongate rod or tube formng a |lance (60, 80). ZZQ.FEB 200
Appar atus, according to. claim23 when dependent on claim'13, wherein the
urging device (61.) is arranged to rotate the |ance (60,80) about an axis.
subst gt} d2pobog 25 perpendicular to the elongate axis of .the rod or tube

bet ween a storage position and an operation position. PCZ!BGBoClﬂpmat us
according to any of clainms 15. to 24, when dependent upon claim 14,
wherein the fluidising device has gppe or nore first conduits (82,95-)
arranged to deliver 30 water. to the regi on adjacent the tool, and wherein
the fl uthiasi pgrdevifca Halrid\edr CORRS e second conduits (81)
arrangefdnl renye, fluj dised materl a?é‘?r om ‘g@én\?éﬁl BHCa P& ] he t ool .
26. Apparat uSHGHS i G5 Veried 28tovklee eerand amehalte theraye first
condui t@t(%m@S)thlﬁngQ coPdyilhs bl a,g,% exrfLfd d a an educt or
(86), { ?%1 ucts (98) internally Cconne he rst and
second con |ts SUch EB 2005 WO 02/ 20908 22 PCT/ GBOl/ 04023 t hat part

of Yhe %telﬁmuppiemtémou@hlém EORDPL 81 18" SopdisthaC %pgfglmtrq‘gf’%éddlrr;tere? iegl

into the ggg,or&pf @(}pﬂ! cau5| ng the i'hgress o
t hrough the™ second con Ult Sﬁp%/ 5 27. An underwater .vehicle conprising
apparatus, ~daccordi-ng to any of clains 32 to 26 ‘



