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APPARATUS AND METHODS The present invention relates to a retrieéﬁgg%§/2 06
appar at us WaRg0986hod for retrieving a cable or pipe buri RCUGH e g in
bed material and to an apparatus and nethod for burying a cable or pipe.
It is well known for cables or pipes to be laid under expansive regions of
wat er such as oceans, in order to provide power or conmunication |inks

bet ween regions or 10 nations. Rather than sinply |aying such cables or

pi pes on the GABIfFAEH RBWRE Bifle F LA 2 d  MET S
beneficial to physically bury these within the material itself. This
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range betweenalcalbhd 4rnpipes. In certain kinds of fishing activities, the
"otter boards" of_pets r [ p t r 1 g3S g¢ and
It Is inportant t h& e%%rvé #%a]?lq%’%é %%gléeagglgaré% ?I-i gs%’cgcrd;fbt?fj??éd %g?/ond
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beconme necessary to increase the buri al dfpths of cabl or éﬁ%pes i n_somne
parts of1@he Wakiens 30 Ratdier #harh sAiRbYr 18V 1RE ANTR &F ot b B 18580t at ed
Wi th increasi pgetAerbaké abs deps hsc@ihtiariganeraich lar g seppedat d& is
needed for the burjal,.,access or, retrieval rati . h d
depths. This BfRerhatal aggoe?ﬁ'gf%jd:a‘éi@a ‘éﬁagggsgn “?Le%r%r%g{o corsnfg?@%.g%abl es
or pipes are {osyenti ondHiy r etroivéded fa omondeigtaiuig alangbsPrPERCLAVRg a

"grapnel . Thig 15 fOLAR] eSEORULO MBI EOMONSE! ndt SHANKapbichIBeS S

upon t he

15 prevents damage or severance by commercial fishing
activities.

The burial depth beneath the surface of the bed
material is dependent upon the function of the cable or
pipe, the location, and the type of material from which the

20 seabed is formed. Typical burial depths range between 1
and 4 metres.

In certain kinds of fishing activi;ies, the ‘Yotter
boards" of nets routinely penetrate the surface of the
seabed and it is important therefore that the cables or .

-25 pipes are buried beyond their reach. However recently,
developments in fishing practices have caused an increase
in these penetration depths and as a consequence it has
become necessary to increase the burial depths of cables or
pipes in some parts of the woxrld.

30 There are a number of technical problems associated

: with increasing the burial depths and in general, larger
apparatus is needed for the burial, access or retrieval
operations at such greater depths. This also has
associated disadvantages in terms of cost.

35 Cables or pipes are conventionally retrieved from

‘their burial position using a "grapnel". This is formed

from two major components, a shank which rests upon the




WD 03/ 029568 2 PCT/ GBA/t1439b 12 0 O 6 seabed and a fluke attached to the
shank., The fluke penetrates the seabed to a depth sufficient 29806
the cabl eW803829588 The shank and fluke therefore effectiv%{FEiGBMe as a
hook and, as the shank is towed across the 5 surface of the seabed by a
surface vessel, the fluke is dragged through the sub-seabed material until
contact is nmade with the cable or pipe. Bhe operational retri eval depth

of the grapnel is deternmined by the length of the fluke and jt | |
est abl i shed wiseabegnvand i (ﬁwafl‘glﬁ%pﬁéltafge@esﬁi@nézf{%a?ha@ﬁe shaHk Ee\ﬁ%?n

shoul d be aboyer e&eeete (5:7°3 sréa@tedofcot Iaedfelpﬂ&ﬁ sufdr dileirs: rteaengaggr ajpeel s

for the retrie of deep ca a or
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operati on.s WIS fA0I Sy OLng! Bab8aCRIANeibeddie Tister, EhE EeOREORS

within th i ne T nCr easeées g ed such that the
cabl e or pi pedradgesuditraugh hehe senlpagealosd t natesipbduahils gppRast is

conventi onal Leeavert?0cnRCEabl Anan2A ddien PRET epERd: sbarICrBTew g

subnersi bl e renptely operated vehicles nce,_to gnq: rwat er
n

fer
cabl es, vari od@P@élbIQaf Bhe cgrapeelsdd 1@&%&% %I’f:éi SRgHRt P th as
power transmggsikenaae ﬁﬁm.mé NyEB1 | @SabFDEheX anptle comertoiored 25 apomedr

cabl e may have a . typi cal nmet f 100 wher a _Lightwelght .f.ibr

optic corfuni é’a”'{sﬁg}n{? %g‘ﬁl tﬁ’fy g’r‘?‘i‘@( éﬁg’tsgr C?Tbog]b \3'@&% lrr%sset he

cabl es are typheel lof theatfididey. defFect |tiglanreae%peas@rarpn&i§ tﬁwfn@—ha ne

tension, there |s %vﬁ'lg%ff |d%%g)t Calbg_ tg% iﬁ?gje an 30 cabl es, which
e

are in gener ar \/\E& y sever e gr apnel due to the
| ar ge towi ng for ceAudevirmhi élngfafrﬁafrtfﬁ%%malepﬁ@blférﬁ aforsr §F par iteng

depths where hatger RhAa i @le IERPESLS %esea_ect@nghé hehagler aadpas@ ng
towing force I's greater In this case the 35 ipncrea in, tengi_l caused by

e
contact WSth tRBSign @ithindsighaiay is1gonitered qUTips;
fraction of operation. When a cable or pipe is engaged by the fluke,

the tension within the towing line increases. The fluke is
angled such that the cable or pipe is brought to the
surface of the seabed and further conventional recovery
20 operations are then performed, for example using
submersible remotely operated vehicles (ROVs).

With reference to underwater cables, various cable
sizes are used depending upon their function such as power
transmission or communications. For example an armoured

25 - power cable may have a typical diameter of 100mm whereas a
lightweight fibre optic communications cable may only have
a diameter of about 15mm. As the cables are typically
located by detecting an increase in the towing line
tension, there is a significant risk that smaller diameter

30 cables, which are in general weaker, will be simply severed
by the grapnel due to the large towing force used.

This is a particular problem at large burial depths
where larger and heavier grapnels are used and the
corresponding towing force is greater. In this case the

35 increase in tension caused by contact with the cable is
more difficult to detect, as it is a smaller fraction of

the total towing tension.




the total tow ng tension. WO 03/029568 3 PCT/ GBO 1A X3963 / 2 0 0 6 For
exanple, a typical towng force for a grapnel designed to recoyer |
buried at "épﬂg’ﬂ%’ﬁ%s, may be up to 40 tonnes, whereas a tW(@ﬁ?ﬁ’{?@;éﬁBO%
optic cable can only wthstand a uniaxial tension of up to about 30
tonnes. 5 In accordance with a first aspect of the present invention we
provide a retrieval apparatus conprising: 3a shank having a first surface;
and a fluke menber -having a second surface, wherein under_normal working
condi ti ons, when tFer lQxampks at@s tyPicakedowng t 5AERE diFe® i GRAPREY | uke

{renber 3”? alielsq: ddof%%t r@&o{rﬁf‘ @f‘%?dﬂﬂeb%@ﬁ*_ RUE Eﬂsirﬁbtﬁ@sb%y Gt el 3'
0 a predeterm ned depth suifable for retrieving the ca or pip
wherein the fFPsf*Oa*ﬁHn@@éonﬂlt"e’éﬁ??a%e"sV%‘@]ar %%%fed’%’t% 4 5e G (;%h&%g
anot her such {hahstzrddennik&iadr rehswonkofigupondi tbbons Bhetonnesacti on
bet ween he bed terial and at Iegg atlh ifrisrtst%&gg‘:,?e%%nqﬁéjr 3eesSnt
an ur i

gener at es “opposi ng ForteECTH it re i Secon acés causing the
appar at us to bhevemitdos mnedpaovidesmameizlieyalhepppradeteCRMREYSABPh. 20 W

have 1ealised that mang-gf fignBf LOFi26E BLOPLRAS afgn be addressed by
F & t'Us "t Hat y

utilising retrieval appara oes not rely upon the provision of a
shank that rides akofgukigemesheirabavandt e SBEANAFREBELEFS I n contrast, in

the retrieval appghatis Oofuider PhesrAl IwSiin®Nncoatiikeans, partiewf thee 25

shank becones buried in use and i.n many cases .t he shank,an l.u er
becone t &Pal | pPREBEREMVGed S FOFR BE‘dan'E\F/’?é'rngl %15§FFﬁ§’I1t Sﬁeng; u%g E‘%\T/@% ar{}) S0

real i sed that ghhe s3anreafpreact 6dnthe shppik dsbdomne dinleiehdinpi phebipeidal .
Thus, in accordance with 30 a.second asp f 1.6 S Layenthqn,
appar at us formﬁgﬁ?ﬁ‘g iocngEegﬁg‘BF%‘ n%ﬁdg%%?l ef hfiﬁaggg ?rg%:e;ri a?, g
conprises a sthak dalbvlag ar f pipe, swndceheamin thekef isaberdnthy BEFoRd
second surfacg,, 33,WaeL oL N MALELe DT rURPERIL60hME 4t @hdih e hat
15 under the normal working conditions the interaction between
the bed material and at least the first and second surfaces
generates opposing forces in the first and second surfaces

causing the apparatus to be maintained at substantially the

predetermined depth.
20 We have realised that many of the prior art problems

can be addressed by utilising retrieval apparatus that does

not rely upon the provision of a shank that rides along the

surface of the bed material. In contrast, in the retrieval

apparatus of the present inﬁention, at least part of the

25 shank becomes buried in use and in many cases the shank and

fluke member become totally submerged in the bed material
during towing.

We have also realised that the same approach can be

applied to cable and pipe burial. Thus, in accordance with

30 a second aspect of the present invention, apparatus for

burying a cable or pipe underwater in bed material,

comprises
a shank having a first surface; and
, a fluke member having a second surface,
35 wherein under normal working conditions when the
| apparatus is towed in a towing direction the fluke member
and at least part of the shank become buried in the bed




apparatus is towed in a towing direction the fluke nmenber and at |east
part of the shank becone buried in the bed WO 03/ 029568 4 PCT/% /2006
363/ 2006 nEP&POH6® 0 a predetermi ned depth so as to pl ougPE@/& @
suitable for burying the cable or pipe, and wherein the first and second
surfaces are arranged with respect to one another such that under the
normal working conditions the 5 interacti @dh between the bed material and at
| east the first and second surfaces generates opposing forces in the first
and second sumiaicsiadadsi AgprReehppRiaeds depthestuhtled ridPugh a furrow

substantial |y diieap1edetsF nbaediflePthe b1EES pDie, Jahdi Mckedablther
pi pe into the furrow. 10 The gui di_.ng neans nmay conprise a tube q;gops
flaps or fin taRd RECOrsr EuﬁgégeﬁoFrFu?F a%ﬂg‘ﬁo“?e&? HERET e S OFF pe.
It has been faitldiataudie hed mmiden alhd enrdsnalo wdrkdwea roaund tilvenss Heink
during tow ng .and this nma | al i ENS Jt.S POSity reds 1l
after the\gs haﬁ@%&?cﬁoﬁaggégeg’?ea ?nn%ga alltnecfsl o&‘a b%(llji\t(/iv %‘gviegéé?ge%@é.) ﬁllh]%ést[:ﬂa
al lows the cabidk secopidpenrihory genhrabypsasppesangdieppes atmsthe Figst
buried by pas%ﬂn{;lg sg'tcg)t?ﬁ Lhesheak Qéxéétj]ggs ROKab P Pat e £ Wd W inkeiddaps

or fingers may I'cC Oor_arrange e noveabl e hydraulically to w den
the furrow soads aubstrnfiiaieasher PFedeiersines: faPtdbpa7at udesnenh

repeaters. CopMeningntl Yapier orephipevant dpe ifakcremer ations, the
appar at us _my be ari_%n ed to o eraFS at any desi reﬂ gretchi‘gt er m'gﬁd decpth.
Large préfet er ni ned e%%g,mg eans HaY EPRFIES 2 haico hRrhRs, ThpRS ©F
t her ef ore achiféwakele 2hdwthkaefoirkeneeed ot Fuddyl enicloseasdhe misliezenand
mass of the gpparalys, il iked neknoun (3RRARAIS,ed N b0RRK1 Ok i to

| T § cabl e o pI pe

pr esent i nvenf %'may e use 0 engage € ,. . rather than
only a fluke fébwg aravidetheo gfenibr durting  tombey omndasthls egidtieriade -

overal | di mn&&@pﬁai‘gg RSS9 1 30d N RARP RS LERR Ber&pdise dwidib Haspect

to known " grapnels n one ‘exanpl e. of _apparatus according fo the invention
used forlEapl Papeedversating & kigid &f bogewaygpPEafchasstote the-Afhp us
i s around .1.1pgRgeVARr papednalefdy valtenargorendiatad ehpereltusns too M&ss in
the order Qf buried by passing along the rear of the shank into the
furrow. The flaps or fingers may be static or arranged to
be moveable hydraulically to widen the furrow so as to
20 allow easier burial of larger apparatus such as repeaters.
Conveniently, for retrieval or burial operations, the
apparatus may be arranged to operate at any desired
predetermined depth. Large predetermined depths, for
example greater than 2 metres, are therefore achievable
25  without the need to greatly increase the size and mass of
the apparatus. Unlike in known apparatus, the shank of the
present invention may be used to engage the cable or pipe,
rather than only a fluke being provided to perform this
function. As a result, the overall dimensions and mass of
30 the apparatus can be reduced with respect to known
grapnels. In one éxample of apparatus according to the
“invention used for cable recovery at 2.5 metres, the
typical mass of the apparatus is around 1 tonne whereas an
equivalent conventional grapnel has a mass in the order of
35 3 tonnes.
A major advantage of this is that, particularly for
deep cables or pipes, the corresponding towing force is




35 3 tonnes. A major advantage of this is that, particularly for deep

cabl es or pipes, the corresponding towing force is WD 03/ 029568 % /2006
pCT/ GBA~1PI¥0295¢8 6 | ower with respect to conventional grBﬁTv’@Bé 43963

pl oughs. In the case of retrieval, this allows cables or pipes of small

di anmeter to be detected with less |ikelihood of ‘damage. 5 A potenti al
reduction in the size of the apparatus an8 the corresponding towi ng. force
is al so favourable economically as the overall_cost of_a retri

val . or
pl oughi ng opel8¥EsnWikh Feshafiicdd FARVERYEARAbnIsRRBSL B Wﬁd@gob‘SPéntial
for future rethi evel RedWi dettficall escHik dl phpescablexredrgpepesr odept hs
than those presently_ use wher eas t.he scal.i ng. f co '
appar at us muﬁﬁaggec%“? T e kS ?ydﬁ(ﬁ&ﬁ‘%ﬁldt i‘&etq‘?n??gfnsny%?éjé%gc?é%ngfease
of detection damkgg.tow ng. The apparatus is designed to operate at a

particul ag 15 preﬂe%&%ﬁgfgl dEDg) Pifor?%? Lger Q&&g%@ftﬁ@%i?a&%&%{s khe
apparatus; the typic ed rateri ar or ‘exanpl e clays or sands which can
have shear sttbegt leonnespemboPra bpvwimge, forre dilfenspbi’ ak@ValFaRd&nent

of the COWO“@EBﬁoﬁﬁléaH? gart taYl abyvelhiel arssmgensmt Hf Adiarifdviadt and
second 20 surtaces, ,The tow ng speed has a Ire% affect ,on _the tow. forces

seen, though R&PUERENGpARATASH Bt THR BEVEEEUCERd SO 1T ow Y SIFHG™s FEESs
shoul d be Useﬁr@?idﬁﬁrﬁé{t&aﬁﬂrﬂdﬁ fubypicc gbkyievalesr Mounbhl wif kiabd es
t he

Force  280conporehor @ BmErL e A1 TN e [ OpE LR R S0P rhe bec
material . Accehdregby thee sezbidgsuf ack iconvientlicned apRRdstEscWoOUAg a
Coruan’ 1o OB AP S pgE) ERLALs D1 ReAL! HeEpTER gt i
nmenber beconeof bdetedt dori AgringetPWePdl or burial operation at the
predeterm ned deptdne TyphsakEdst N8 apBRGALESLbUEbBREteCORPR PaTLA cLdWINY
menber a:tLé aChSrde gtégrﬁirslegnéép%ﬂc yascgnsideration of the mass of the
apparatus, the typical bed material for example clays or
gsands which can have shear strengths up to 300kPa or more,
the dimensions and arrangement of the components and, in
particular, the arrangement of the £first and second

20 surfaces. The towing speed has a direct affect on the tow
forces seen, though not the operation of the device -and so
low towing speeds should be used of approx 0.5-1lkm/hr.

Typically, under normal working conditions, the first
gsurface is inclined downwards such that an upwards force

25 component is generated in the shank as it passes through
the bed - material. Accordingly the second surface is
inclined upwards such that a downward force component is
generated in the fluke member as it passes through the bed

. material.

30 - In many cases the entire shank and fluke member become
buried during a retrieval or burial operation at the
predetermined depth.  Typically the apparatus further
comprises a towing member attached to the shank, such as a
chain or steel cable. When the shank is fully buried,

35 under normal working conditions at least part of the towing
member .interacts with the bed material such that the

apparatus is maintained at the predetermined depth.




chain or steel cable. Wen the shank is fully buried, -35 under nornal

wor ki ng conditions at |east part of the towng nenber interact |
bed nat eri AP 9$0¥H% hat the apparatus is maintained at thé’Cﬁﬂé@?ﬂ@%ﬁ%Q%

dept h. WD 03/ 029568 7 PCT/ GBBO4k43963/ 2006 produces additional forces which
allow for a smaller fluke nenber surface to be used for a given

predeterm ned operational depth. Wen uséd in association with Iinks,
these give extra.rotati .of th i nk _or__shank d t herefqre _a

nor eased ponBUPHiEER GORLEIORALFEPECR A el e e o s Aot on
surface w thmeebpectstofabe swwf dee oketdhefbed amtgiverl wphedetkemined

apparatus is . ti 0si t Typicall ' | .1 en 30
and 55 to ai d%%le%ﬁﬁtléég:inic{é%gﬁl'burhpg‘%h li%eq%)r%t‘:eég.ég%fa}:gagegﬁgbﬁghﬁ'
m ni mi se the thakRg Fbree exiHa r aptatdorowotfhethet rlinll of whank and

appar at us sand thbrb$odkSan 98eirkabks hhakiruheBnakieb . predet ernined depth,
even though the apparatus my owed from above 't he seabed, 15 there

be tov
will be no net rot&f BRIEE Tae bHpsringd RekveeRan ItteTRUHe sirERce
fﬁSpelgt to th hﬁiﬁﬁ\/\/ill(:@_gpéblte@:i Uhd @"cmﬂm:el Sdmsm@t]bﬁﬁl téiacaﬁsaant\rheﬂyphﬁal ly
therefore the_shank,is arranged,to he .elongate.an uring. tow ng.,the
clongat e | engPEBBTAFHE 150 Snafbe] SLmtge bar bhYC ne | BPHEHLY CERish,
al though at aanghgl &stloeiveem 30 dend 65feneratd va tfiortde dpdhisfebhirisfl
surface.lg\lthgggge%%e fl uke nenber could be attached directly to the

shank, prefer e shank has_an elongate section defining an axis and a
further separator Eecifcdeobralale e aigiidise dhe Foming Cprsepaearegery om

this axis. Prgfebpblnd Reddidkainesbesut sa ot haphedthe thes distas gnde of
the separator _section as this increases the ver{ical ,raage of .potenti al
engagenent wi £BE}FRPLALIEFr pPER THe tHEPRLEIPTEERLTS iie%é'ﬁerﬁVF’?
positioned regnnegidl théhapPak-asnecnalyoblehe oedk & ronnbeboradtsdankabadh
that, onge engaded,,ihe,gable f Rideeidd YRR 45haeshls ! Qubh®enac

Separat o
its profile with respect to the towing direction remains

substantially constant.
Typically therefore the shank is arranged to be
elongate and, during towing, the elongate length of the
20 shank is arranged along the towing direction, although at
an angle to it in order to generate a force upon the first
surface. Although the fluke wmember could be attached
directly to the shank, preferably the shank has an elongate
section defining an axis -and-a further separator section
25 having a distal end spatially separated from this axis.
Preferably the fluke member is attached to the distal end
of the separator section as this increases the vertical
range of potential engagement with the cable or pipe. The
separator section is generally positioned rearward with
30 respect to the fluke member and shank such that, once
| ‘engaged, the cable or pipe is retained adjacent to the

separator section.
| Preferably, the second surface of the fluke member (or
any additional fluke member acting as a 1link} is
35 substantially wider in cross-section with respect to the
towing direction than that of the shank (or any additional
~shank) . Each fluke member is typically approximately




Preferably, the second surface of the fluke nenber (or any additional

fl uke nmen ing as a link) is 35 substantially wider in cr |

W th resg§§b0$@£§ﬂg towi ng direction than that of the shaﬂ%“?gwggﬁ§gﬁpébg%
additional shank). Each fluke nmenber is typically approximtely WO

03/ 029568 PCT/GB4i 39 / 2 OO 6 8 planar and arranged such that an upper
pl anar surface, operating as the second 8urface, has a pl ane normal which

is al nost orthogonal to_the tow ng ditection, although ngl ed_sli.ghtly (by
a few degr eesPdflaxgI &%t Bﬁﬁ?’a%e‘tqhisélc diftact FBn Wk t%g?lg%r f 3?52%? !
gener at ed upospkhetdiegors ther tecendAsaafpoesnthasf at pd aneninoymeilr wbtlicdn

resol ved OntOé%h%diﬁggnoFﬁgééggglokér%%.l%%%i &1 r&Se 18T eh8kBough

preferably at~ana rees of Tess w resEect to the 10_tomﬁhg
direction, andngbed mldightddl yat zuber adesneey of gegledstaveRdpedhdét to
the tow ng di pectlelon M @ife Wdodde {4 UsenBaben apefl! vaLl uetoamhes

and nmai nt ai ns uring a towng run is dependent upon a nunber of factors
such as the b8dHr&aceri al type and the di mensions of the 15 apparatus. |t
wi || be appreciated EBaboRefiiBbf efh@nghwingd ellucast tiagdrdlwld ongeneiat es a

econd surf acBeBPRBABHEFRERcOFeBRrt I h S et 4TRSS ROFR A% he
second surfacet ism &fgher afigad sdedgrédat oxt hass owd tho nespeadipstoofde
ar r anged. ooy £agh Sie. 0k ;LS Shap oﬁ‘%i?éf%f%iyggage@_ 5@&5&&911@%
t owi ng df ectFoH. $nese t1ps al 'ow the apparatus t position |tsel
upri ght - upon deereed matdr rssppcitota Ehenytoyaiet AExeehignt hotibeaddSi®onal
support. They,gl 0.t‘i?é1_5911ﬁk35n%fn%%txere@éﬁ@;é?ilyh%efd&ié% nerdemat atpamet r at e
the bed material initially thereby providing a reaterggpmn r% force )
before the shdWkiB@ntatP¥ipHeTrBBdFatEPPRASITHIEOY; fic RUASES gﬁe 2GS n
force and theggénr asaitdfe maNahagéioal 89pEheuid rdte stitheneiabst b henk is
™ oL oaeLEarRRY, "3, L e BERPRs RS A gl e eilithe
reduces drag but also generates a smaller vertical £force
with respect to larger angles.
Preferably the second surface of each fluke member,
when viewed along the normal to the second surface, is

20 arranged such ‘that it narrows to two tips, one arranged
upon each side of the shank, and projecting generally in
the towing direction. These tips allow the apparatus to
position itself upright upon the bed material prior to any
penetration without additional support. They also cause a

25 greater area of the fluke member to penetrate the bed
material initially thereby providing a greater downward
force before the shank contacts the bed material. This
increases the ‘tpull in" force and therefore aids
penetration.

30 The first surface of the shank is typically elongate
and narrow with respect to the planar surface of the fluke
member. The first surface therefore provides a relatively
long interaction length in the direction of the towing
direction and this, in cooperation with the second surface,

35 maintains the rotational and vertical orientation of the

apparatus during towing.




long interaction length in the direction of the towing direction and this,
i n cooper the second surface, 35 naintains the rotati

verti cal 3‘?’?@%’?%4 fL’%n of the apparatus during tow ng. WO @1@@3@’5@?5006
PCT/ GB&110Q 3963/ 2006 Al t hough the shank is typically elongate, it is riot

necessary for this to be of a linear formand i ndeed curved shapes can be
used, one exanple being that of a hor seshée. Although any shape of shank

can be used as long.as a syitahle first, surf s. provided
beneficial to cur %eltﬁlr?élgghé#}g aﬁt}%@fﬂ? rbfn PR 62 ?%BF%FA:SS é’ﬁl
nore of the fhndceasmiefdrotbhtetothe ded Emhean:afobmf@m@ md&cshmwed
t t th t t
contact s W th dhlaneiteC B! ACkageReLALing, e éageégera%?r&@ PRI paal ns

bed penetration ara arrange such t hat
when in use | Althoudlr tany sbebE PE oshenk sw: ab@ ofs ea%eaom effald

bef ore bur al ,s&ft%&wafﬁw@ 'sﬁr@gégt ed Pdidad, the iseeendrsefbacads at
an angl e of between 300 and_55 the surface of t he _bed ter| I. Th| S

angl e is pref &uapiey tse sf@%‘ar?é’aé’nélré’“hs:}lenﬁeweﬁ%f
interaction sidreaess tiwherlakey eftibic Wd erithe ek Bﬁdelrnaade.rl'éﬂe texfibmd t he

hank di st al th t t t | | t t
he tow ng- megEr FIU; RPGERRGS: SRSy chbst HiFEn JUMRE pEheRatEEG AT '°
direction. 20upserdetoireeabonkihyragH iregpimeat psnatc‘a\tdpng toweneer mt i on
's also ﬁﬂ"a”%%%%?c%%ds” i Z:?: r%%@igfr %t‘}franl‘a‘[é‘& rs%cH %'Hata'wﬂéw 18] e

pr edet er mned n ord st nmply aced upon t he
surface of the mm@rpgslt«mn pne téao-mr%@@ea@é dihe hbeﬁ medSterider 25

(and those of pLamy-addhii-pae! tﬂeer@ﬁaﬁt@yraac&&aa@mae@uc&pwms thee bed
material such that when the apparatus i fi towed, the se r.f ace
bites into thESEERCTAVEERSE TArt (b a&fﬁi‘a‘%ﬁ%i’%‘:& &F’aaaedaﬁé %g q e
surface. The sapacat gs therbé@rmamﬁﬂanes Bhiel dndiles wmgarfaﬁmialﬂw 3 I n
aceor dange W Lhd Uit siecingl acPreaely | MBI P TR on
certai n dept hsuofipcese{where present) w:.th the bed material.

The end of the shank distal to the separator section
is typically used for connection to the towing member, as
this end is foremost with respect to the towing direction.

20 The retrieval or burial apparatus according to the
invention is also advantageous in that it does not require
initial burial to the predetermined depth in order to
operate. It may be simply placed upon the surface of the
bed material with the second surface of the fluke member

25 (and those of any additional interaction surfaces) angled
towards the bed material such that when the apparatus is
first towed, the second surface bites into the bed material

—.and the apparatus ig dragged beneath the surface. The
apparatus therefore provides a self-burying function.
-+ 30 In accordance with a third aspect of the present

invention a method of retrieving a cable or pipe buried
" underwater in a bed material at a certain depth comprises:-
towing retrieval apparatus according to the first
_ aspect of the invention, wherein the apparatus is arranged
35 for use at a certain depth, until the cable or pipe is
| engaged; and,
retrieving the cable or pipe.




towi ng retrieval apparatus according to the first aspect of the invention,
wherein t us is arranged 35 for use at a certarn dept

cabl e or El%pe ‘B%S%engaged and, retrieving the cable or p| 8@%’“&%@%@?
PCT/ GB2J013963 / 2 0 0 6 10 Typically a surface vessel such as a ship is

provided as a towng nmeans and is used to performthe tow ng operation.
Preferably the nethod further conprises tHe step of positioning the

apparatus on the s rface f thebd5rrater rior totovmng ge t.hat
when the towing st Bprlga &r Fo?% ACEhE=APD rsa‘tcﬂ—é 3% e PRPs 1 ?ﬁotl‘l'r%t Bed
material andasovas toorittge peediet ennd ned depdd. tion sentormsddiet heowdngng
operation may . rme I bl e.
renotely 10 s %:rrg'?é' Bvehdp$é(fe(w Qﬂ?@%s@%r ace oﬁ&{t%%ﬁepd?lniét%p?fallé
This is parti stearP§ pesitiering whe enpgrativisghbveigrivrfags f shepbpés are

used, - fog exgaRkeikn ﬁf%foif@%ﬁﬁg‘m%ucﬁsthéﬁ%@ﬂ%ﬂé \thmﬁngTEQeBOi/srmy
t ow the apparatus renptely and therefore be separ at ed. 13e?r:rgiithe ajﬁjgf"iat us
r

15 during t hePEFEPETEGn. t)StIet SPRATAFY Ai11N tl'tﬁ" | 92ED dto
t he apparat usaa#i aobetsciaopahetpreaiwemth&d dbpoht he cabl e or pipeis

or pi'pe and the. ot Fi BULF R BHG COPOPOHARBTE 85 b T REESPT RS RE
tension in the ttowdnigiemeBok| dm nghengboememf, & heuwmersd hepi tatnbyeiwt her
conpri seg, Bﬁé?ﬁ{:ﬁaggégf%%?g@)o%{ QO A JP i 'Eﬁe.t B@dcﬁl@ﬁér%l p' pe

to the surface 0 usi the retrieval apparatus.
accordance wi Thia fisurparbipetardy th?éle%r WRETRN ISR él%t:ﬂﬁﬂgﬁt:

burying a cabbgnpésPbPepifed ded uddd P oamplecihabiiviephiiene8mbuthes
towi ng apparatus _ according to the second aspect of the %sent |nvEnt|on

to plough a #8rrl@kest fRE EYYSES: depthe BRYs Pl yioig t RRPREBFBS or
pi pe to the fusrerelfnaRAV itlarat e bbeumpazmumtﬁmmt et oappgratus

operat|0f5to gurxmghq:%9b£%eg%tpkgg eiif@érﬁgﬁﬁggl§hQﬂua ROV may be
directly coupled to the apparatus at a hitch point.

- Typically, when the cable or pipe is engaged, the
method further comprises detecting contact between the
cable or pipe and the retrieval apparatus, for example by

20 wonitoring the tension in the tow line. Following

- engagement, the wmethod typically further comprises
terminating the towing operation and raising the cable or
pipe to the surface of the bed material using the retrieval
apparatus.

25 In accordance with a fourth aspect of the present
invention, a method of burying a cable or pipe in a bed
material at a certain depth, comprises towing apparatus
according to the second aspect of the present invention to
plough a furrow at the certain depth; and,

30 supplying the cable or pipe to the furrow.

An ROV can also be used to perform the towing
operation to bury the cable or pipe, either towing the
apparatus remotely or by being directly coupled to it. The
cable may be dispensed from a "glue pot" or reel positioned

35 aboard the ROV or aboard the ploughing apparatus itself.
| A furthexr advantage of the present apparatus is that
the operational depth of the apparatus is more constant




appar at us renDter or by being directly coupled to it. The cable may be

di spensed \R’b%?o ¢Pl ue pot” or reel positioned 35 aboard h@b@éﬁgﬁ?p?éb@

the pl oughi'ng apparat us itself. A further advantage of t

apparatus is that the operational depth of the apparatus is nore constant
WO 03/ 029568 11 pCT/ GG kj3g63 / 2 0 0 6 han I n known apparatus. This is
because typically such conventional app&r at us uses wheels or skids to

reduce the  topg0ifofe.Andy <y be doflenad vessepllysudur i ng

tow ng al ong surface of mat eri a eto sur ace _cont ours.
Thi s producescqnt%mt&lp@hd@mgaﬁ@tﬂ%nusﬁﬁtﬁhﬁelﬁeoﬂﬁl%édﬁeﬁﬁa%fﬁduq‘%E ﬁoes

not - general | yp ogchd FehcB 1101 PEBEC kY &iMy OBeaiietﬁlQa@dEﬂ\kvéﬁtﬂtal
partially burled and in rrao%/ cases Wl | ec?ﬂ? fi_lteb |ed eaﬁ the
bed materi al . ORI ES FLORG (R AUHRFDRG &S é&lr ?réﬁ tholds in
accordancs W &ilirfées pee&eatzr'snvenﬂhm parbliuﬁew e colessypdietimndmobaonast ed
w th known ap renc S

‘Bftlg V\Ewﬁ EH‘I Us r%llte‘—’1 n oftﬂ1 O%@We gc_?ergézi%ij;f OC&H;ZF i's

whi ch: Figure Wn grapn ure
an illustratiwithf thesepreskotyi igvenbpos| aSacbbadlman]@ aig | pét éﬁéﬁbl e;

Figure 3 sho %{3 gt f nRer 41t he fheshiskamyl e;
Figure 4.is :E?JIL %i%gram 0 % eg% én%fre %%g 20 Figure ba i)I I us??at es
a self .- burylbigrla@fél b@%@@@vathedh%ﬁldﬁﬁl'@ﬁh%%ordl ng to the first exanple;

Figure 5Poshows t@x&xﬁ@ﬁé@%fofre%ﬁ@%a aﬁdtm@cfaelala@@axfacﬂ@magmeﬂne@gnent
Figure 6 shows a second exanﬁl e, of retrieval apparatus JELI vot abl y.
coupl ed to a ki @CFRXOANCE gHiER7 HHRHWOTESEREr - BYGRhTED vm“f 5 Bt BB e

rigid |ink ajsbacididd onahdvm ﬁgﬁtrEegade @dths &npewspegparamisw with

wi ng; Fi gure%b shovvs th Vi%?l 0 aa}pl[ 30, RlguLe, 8¢
illustrates tM fnegrf ot?oa Wi n com% Jé Cﬂl q¥9€8
Figure 1 shows an 111ustratlon 'of a known grapnel;
15 Figure 2 is an illustration of a self-burying grapnel

according to a first example;
Figure 3 shows the arrangement of the fluke member in
the first example;
Figure 4 is a flow diagram of the example method;
20 Figure 5a illustrates a self-burying and retrieval
operation according to the first example;
Figure 5b shows the raising of a cable to the seabed
following engagement;
Figure 6 shows a second example of retrieval apparatus
25 pivotably coupled to a skid plate;
Figure 7 shows a third example with a pivotable rigid
link and additional wings;
Figure 8a is a perspective view of a wing;
] Figure 8b shows the wings viewed from above;
30 Figure 8c illustrates the angle of a wing prior to
burial;
Figures 9a to 94 show the progressive burial of a
fourth example of apparatus in which a grapnel is used as
a link;
35 Figure 10 is a view of an example of burial apparatus

using a tube as guiding means; and,




Figures 9a to 9d show the progressive burial of a fourth exanple of
appar at us a grapnel is used as a link; 35 Figure 10 i '
an exanpl € W@P%&{% apparatus wusing a tube as guiding e &B @h%@}{{@b@%
03/029568 12 PCT/GBOLk/39d / 2 0 O 6 Figure 11 shows an alternative exanple

of burial apparatus using hoops as QU|d|n means. Figure 1 shows a.
conventional cable recovery grapnel 100.12This has a shank 101 and a fl uke

102 attached to one, -5 end of .t he shank1 The shank is Ofiti%neg a&he
surface of the seaBégu¥63 %t FPOHE k& HFEF B a‘?%‘ﬁ‘ﬁp Re “*selbed® A tow

wire 104 all oa@pahatgsaﬁgﬁhgt hobpst ageduidingheetori ng direction 105 by a

remte surface vessel (nor ghoun). 10, A5, SHM0 LOTLOUESotertErapnet

conventi onal appro ffﬂu or ‘achreving seabe rat i on
is that the LenagthThisthes @ agneik sidnland aafdndke ﬁﬁ@t2ela$2tﬁlﬁfh§é FPrr@§e t hat

of the flgke. ona/5ehancbealnglalele LAaRkdSt 1Bs0biahBa BnPeRE! kaktapedepth
of 3 netres, gr apne

havi ng fgéq Eprom nat el y tres
is used. The efis¢he seaheda b‘?%pﬂélthl stli*?pl Key bR V\é@?-%t%r@tB fles.
This requiregeanéal geAt @Mnmi-@r %4 h01bRst ERBSHIrbpAGLt ot be tgwafngh

through the tow wire, e be u to. 40 tonn t h
this will be H}é%eﬁﬂgﬁ{lguff}&ﬁef’ﬁéogxggg é’es’?ed?&oef ?%59%%§n gg?%ie ?%%ge and
the material ghowhp. seabed. Figure _2 shows an exarrpl e of a grapnel 1

accordi n:g%bed then%r e%ﬁp&m' e oirhl ﬂﬁa '1%':151&0%#9&61?5%13”9

on the s 6 a OW ng bu ank avin
el ongat e sectgmpﬂehribaalmp%nIaaGhlgwengoﬁeabedW‘%‘&%qlfPlén'lg’c khet the

shank 2 1s _abplliady NBET Enef\gtrali@1 BHIK & !dp 6}@&5@@%1)?()&15@12@“61@&5'[ he

separator sectl Atowli ne n . the

chain is
attached to athafhorle &ip rikdkeesdd hafoPesRb YR LR c AT Qr%rngdogBafLBw t he
grapnel 1 throughdihesseabedeptih e6f a3 metPesp &0gkagndlrehbnknh8ving a

15 length of approximately 9 metres is used. The mass of such
a grapnel is typically between 3 and 5 tonnes. This
requires a large towing force to be transmitted to the
grapnel through the tow wire 104. Such a force may be up
to 40 tonnes although this will be dependent upon the exact

20 design of the shank, the fluke and the material of the
seabed.

Figure 2 shows an example of a grapnel 1 according to
the present invention both in its initial position resting
on the seabed 6 and following burial. This has a shank 2

25 having an elongate section 3 and a separator section 4.
The total length of the shank 2 is about 1 metre. A fluke
member 5 is attached to the end of the separator section 4
of the shank 2. A tow line 8 in the form of a chain is
attached to a remote surface vessel (not shown) which is

30 used to tow the grapnel 1 through the seabed material 7 in

' a towing direction 9.

_ The tow line 8 is connected to a skid plate 8A (skid

" member) which is comnnected to the shank 3 by a solid link
8B. It has been found that the link 8B should be of solid

35 construction to improve performance by providing some
torsional stiffness to the system to help prevent the
grapnel rotating sideways if it hits a boulder or the like.




The tow line 8 is connected to a skid plate 8A (skid mnenber) which is
connect ed ank 3 by a solid link 8B. It has been found

link 8B sh‘ggloé}a%gagf solid 35 construction to inprove perf1’(9("?5‘{':?@&'2@‘73}5606S
provi ding sone torsional stiffness to the systemto help prevent the

grapnel rotating sideways if it hits a boulder or the |ike. WO 03/029568 13
PCT/ GBt 1 k43N63 / 2006 Optinmum lengths fot3this link 8B are given in Table

1 below For the longer |lengths of link,. it y be useful t.Q J ude a
net hod of art p@ﬁllﬁ‘llfnngl?‘?%&gngo?’n Srder 1 ndle 35§ GA%FEr % %%ﬁiaﬁ’ ei( as
descri bed | at eellowA t B¢t cidhe digger flengtichoffi hknkeclt orawmidd usefall dngt h

of 2.5 'a w ¢ty0he 0RULNZATY A0gkALBT Sk e O 40y Thepskid

pl ate 8A hel p§Tprovide extra s . system | 'ower, surface of
the el ongate d&cershed prebenddea (ag0depretibedr faterlo t & theisadbedze

material "¢ asghhecgrAPIShki Sect P¥RGWi N1 tHE 4 oM Widect g, % widich of

generates a vertical force conponent and a horizontal force conponent
acting on thabenbngdame &€t roRrsa8Eht RE &RaRk 250MMe f| uke nenber 5

attached to the enghefskbe plicsapanalips peetrias 4dktis payioxitpttel Lhel anar
havi ng an eann | ve upper surface 13 (Figure 3). This fornms a second
surface for if¥YEF&€tion with the bed material 7 as the grapnel 1 is towed
in the tow ng direatlowe®. sihasecofidthsuelangait8 smkbionn3apykeecp8swat h

that of 1he teying 20 FlLects ¥ LrABeaRAMNMLLEL OV # A ot Graidled €8 IS
dependent “upon e design of the apparatus and the relative “size of the
surface 13. |hovadsinddre Eyvingbagecezioth. (Thiw sanesirtis ; VeEtieabed

material 7 gepgrab eéoﬁ%éiﬁmléd 4 UGS £HRON Fr RN EGhipRiento Blcalingobae
component within the 225 fluke, nenber, shownk In Figure 2, the angle of
the fluke tipthecPhPRgRtEoSeREICRaPeBbERGr 8RRkt ual Iy penetrates is

defined as the rakeng@ngtruied peheidmt isonaatgbhedt . tdhithe s erdepedidebheupon
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expansive upper surface 13 (Figure 3). This forms a second
surface for interaction with the bed material 7 as the
grapnel 1 is towed in the towing direction 9. The second
surface 13 makes an angle B with that of the towing
20 direction ¢ (as shown in Figure 2). The angle B is
dependent upon the design of the apparatus and the relative
size of the surface 13. In this case B is about 2°. The
interaction with the seabed material 7 generates a downward
force component and a horizontal force component within the
25 fluke member.

’ As shown in Figure 2, the angle of the fluke tip
relative to the seabed before it actually penetrates is
defined as the rake angle or penetration angle o. This is
dependent upon the sea bed material type and typically lies

30 between approximately 30° and 55°. Typically in clays 30°
to 35° is appropriate, whereas in sands and sediments 40°
to 55° should be used. For general use in soft soils an
angle of about 45° gives good results. '

Tt has also been found in this case that the depth at

35 which the grapnel 1 is maintained during towing is mainly
dependent upon the length of the link 8B and of the

'elongate section 3. '




to 35 is appropriate, whereas in sands and sedinments 40 to 55 should be

used. For neral use in soft soils an angle of about 45 gives
results. |\%ﬁé’£29afsso been found in this case that the deptWTé@Bég%{%R06

the grapnel 1 is maintained during towng is mainly dependent upon the
| ength of the link 8B and of the elongate section 3. WO 03/029568 14
PCT/ G1&2k43763 /| 2 0 0 6 Figure 3 shows tffe fl uke menber 5 as viewed normal

to the second surface 13 he tqw ng.direction ' L i ndj (as
menti oned above). %*9‘&5% %eéﬁ}s%%%%a%%uﬁg teney g IE% ?gé g%gﬁ%ﬁﬁﬁéﬂo
cross-secti onthet Begondr row Ha nEhsi offhes fowine dizastérse ddilfecti®sm with
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by the shank uring tow ng. e second surface 13, is general

rectangul ar adlteekaipl 5 dLesksnoNd 23T el FEPSS Wil 19heR o, l%ﬁ*ﬂf‘fb‘tﬁgh |

the secong swif@eRsidnoist ha thef kwike sromper & Adariehone tlasresmarnsi ger abl e
surface area, _ it should he renenbered that this surface 's(;gg&;q&gd at a
smal | angl e t'&h€ hECYLIRPnGLdrFEEOPoIY 9 ahdt F nGEEYSPh&C 5?%%%2 ectT o of this

menber is al s@awesy By rdHeedhismkr eddaeingriagwisg shalee secBnguserfacésiTabl e
1 bel ow shows, t he tvpical di Qﬁigf f t p LLed £ o I al
dept hs of Irn%ﬁng%%%f%f ngégg X %%ﬁ%%dLlnim§%%g€ﬁ$?é§?§ﬁ%ize %%hﬁ%ghank
| engt h Shank sk dféblen) L npehny¢ mpltdesghy t1E0 3EERME LA 35 08% 028%m
3121140 4 57 MWERHDE seonofb LUt acss 13 Bate Al PAUPE SUEEAGE AFEd, ON
ei t her épée giﬁgﬁé S aH%€2 ad%gﬁ%s S arﬁ%ned,trian ul ar,

it should be remembered that this suriface is presented at

a small angle to the towing direction 9 and indeed the
cross-section of this member is also very limited to reduce
drag as shown in Figure 2.

15 Table 1 below shows the typical dimensions for the

grapnel required for burial depths of 1lm-3m.

Table 1
20 Max depth | Link Length Plate size (mm) | Shank length Shank width
(m) (m) (mm) (mm)
1 9 250 x 130 300 20mm
2 10 700 x 350 840 25mm
3 12 1140 x 570 1370 25mm

25

The second surface 13 has an equal surface area on

either side of the shank 2 and has sharpened triangular

~ regions 17 in the forward part of this surface with respect

30 to the towing direction 9. Bach of these triangular

regions terminates in points 18 which act as knives and qid

' the slicing of the fluke member 5 into the seabed material

7, along with stabilising the apparatus prior to

penetration.

35 A retrieval operation for recovering a buried

underwater cable using the apparatus described above, will
‘now be discussed with reference to Figures 4, 5a and 5b.




regions 17 in the forward part of this surface with respect 30 to the

towi ng direction 9. Each of these triangular egions term nate

18 whi ch ¢ 0382 9§?ﬁ ves and aid the slicing of the fl uke r?&m‘gé‘(-’f@ﬁ:fpépp%
seabed material 7, along with stabilising the apparatus prior to
penetration. 35 A retrieval operation for recoverr ng a buried underwater

cabl e using the apparatus descri bed abovet® wi Il now be di scussed with
reference to Figurgs 4, 5a and 5b. WD .03/ %29568 1% PCT/ GSO kI %9 /200? The
retrieval operati o'ﬁhﬁe’@‘?‘rﬁl%‘f PP IR PRGIPE 2C SHEP A9FGure 5a,

t he grapnel lagsshowhi dhl Figeskeda,uptie tdyamedbed Bsi mnatsahlr pesitedon
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tow 5 line 8 TR Conned 0 a"surface v Spati al é
separ at ed froamghed gdapnwRrdsi Anthe thewigrpbatl récetornglss 9 ndr'@é\?e OWy t he

dashed Segtloilllgé‘ QSf S.Ee chiVedidif 8o A INAIGRILAVERBSENJUSE Shid) is

under sea cabl e buried at a certain depth ahead_of theh%r agnel in the

10 tow ng di r%@@‘r’—b"f‘il 3&5 separimch Sropurthe Srapmed cdp o2 RHOHH, a
grapnel havi ngif&copeh abi @Bah_ndﬁﬁhheauﬂ:iyatﬁr% dohdd eseccDomeryi obEt bhecabl e

22 | lected b hand., Th fa th L h
Cowi ng ol 1 ectPBnLERS o sui Aot BLGRERE (LEop g+ 61 1 giPasayor Rk ccaBiE"

causes the flake arenheed atf at bergaﬁpr@épﬂhtah@h@ ofhtthe I%‘a@@@ﬁednrmheri al

;regt er qia?\ti%%giﬁ edﬂodé,%rgef %sfc%thhlép(afgrprshggrj% %gaﬁeg‘@e?ﬂﬁl éa nk 3 and
therefore thels grapwel a girapseit hgvep%@mfomw@mhsd@m@ltawrﬁgbé@

operation progsedthe Afeddfefly VBNGKONEABLES22 t 118 Qéi@@@@éd begbpehkadr ot at e
as the shank becones buried "and the seabed npterj i ns, to,_interact

with the.surface e Tisiaee ‘f‘?’fﬁ%t%l&e‘ﬁyb?%@%rr‘amgo‘é% g’ﬁ EGuFeYEES The
rotation of tdﬁegj’iﬁpﬁﬂaﬂ. aorgﬁm&ﬂeag;ﬁg@q@teﬁmeo&nMgutéaeé ar®hia3 and

A the dropndi®iEes g doe BRIGE & Por CBScSrBBeN LUt A aankns
seabed material 7. At this stage the downward force upon
the fluke member 5 is much greater than any upwards force
of the first surface 10 of the shank 3 and therefore the
grapnel 1 dives at step 52 of Figure 4 as the towing

20 operation proceeds. As the diving continues, the grapnel
begins to rotate as the shank becomes buried and the seabed
material 7 begins to interact with the surface 10. 'I_['his is
indicated by the arrows 23 in Figure 5a.

The rotation of the grapnel 1 presents a reduced

25 second surface area 13 and an increased first surface area
"10 with respect to the towing direction. As the grapnel 1
rotates, the upward force component upon the shank 3
increases and the downward force component upon the fluke
member 5 decreases.

30 As the ‘burial depth of the grapnel 1 increases, the
1link 8A also becomes buried and generates a vertical force
component on the grapnel, along with a horizontal force
component. The system eventually stabilises such that the
upward forces upon the link 8B and first surface 10 are

35 opposed by the downward force upon the surface 13 at the
'angle B to the towing direction 9, along with the weight of
the grapnel and chain as a whole. Although the links and




I ncreases and the downward force conponent upon the fluke nenber 5

decreases.._30_As the burial depth of the grapnel 1 increases, t '
al so becon®® WPy and generates a vertical force conpor?&?t’cliﬂzil{ﬁéjpﬁ)%%

grapnel, along with a horizontal force conponent. The system eventually
stabilises such that the wupward forces upon the link 8B and first surface
10 are 35 opposed by the downward force u:gﬁ)n the surface 13 at the angle

f3 tothe towing direction 9, along with the wej ght of the grapnel ag]g
chain as a wh&Pe. SQWHEIghiRRe AFPnECTHIRF SRS 03 32 0568178 k43563 / 2
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produced by the r%inel 1 as ahv\hol e i.ncl uc|:ir n:ﬁieathf hori zont al f.orrg_e
conponent s, a%ﬁgﬂ it b PRKES FRERRIN (1 HE P4 (5 @5 anTREPEPEPAECSIat er
reaches a' postbhenaidf dephbht hat ihigcatddcabl 2522ni igngagbd.by t he el ongate
section of the shank, 2..This ur i sten 54, i.n Ei nd sa hi s
poi nt anfoi ncreasegﬁﬁ PRESI GRS BT ti?%?gﬁelltq%%mﬁn&% iangﬂg‘%ité?ﬁdgtf e?::’th tgd

usi ng a suit abbeahodiragr prgddeedcbyabber grapselvasssl a2ehods inelvdirg 22

s engaged, |{ngOKES 3boRAI! HR:2e ClOROAienESet b9Bng Wil 2eaed

into the region adjacent the_separator section 4. The cable 22 is
therefore ef feeving| yinsokbdehhd the vessel 20 is then repositioned in
front of or directtMeahpypnéhel & spnedadses |dicealeit 2 aFisgiche that 2heThe

o g chEE rerBr et 1¢ rigaed By THE Wl it SRR 1M 30! EHR BRaER '
2. This occurs at step 54 in Figure 4 and at this point an
increagse in the tension within the towing line 8 is
detected using a suitable monitoring device aboard the

_ vegsel 20. As the cable 22 is engaged, it moves along the

.20 elongate section 3 of the shank 2 and into the region
adjacent the sepaﬁcator section 4. The cable 22 is
therefore effectively hooked and the vessel 20 is then
repositioned in front of or directly above the grapnel as
indicated in Figure 5b.

25 The towing line 8 iz usually recovered aboard the
vessel under tension as it approaches the grapnel. As the
tow line approaches a more vertical attitude, the grapnel
1 with shank 2 rotates about the cable to a more vertical
attitude. The cable 22 is retained between the fluke

30 member 5 and the shank 3 adjacent the separator section 4.

At step 55 of Figure 4, as the towing line 8 is
winched aboard the wvessel 20, the grapnel 1 is drawn
upwards through the seabed material 7, thereby drawing the
cable with it. Thus the cable 22 is brought to the surface

35 of the seabed 6. Once at the seabed surface, further
conventional routine = cable maintenance and recovery

operations can be performed, for example using ROVs to




tow | i ne approaches a nore vertical attitude, the grapnel 1 with shank 2

rotates abﬂ,@togﬁtol‘,ygﬁﬁabl e to a nore vertical attitude. The 19@19&?"3?’%363/2006
t e

ret ai ned between e fluke 30 nmenber 5 and the shank 3 adjacen

separator section 4. At step 55 of Figure 4, as the towing line 8 is

wi nched aboard the vessel 20, the grapneH_ is drawn upwards through the
seabed material 7, thereby drawing the cable with it. Thus the cable 22 is

brought to thaggurf 3aaBiet gbsﬁﬁ@éﬂ @i)qyffbﬁiéﬂﬁﬁ srabedasurdacse

further conventional routine cable maintenance and recovery_ operations
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earlier i § i ndacitied wst hndinakad wéthar ethmé1amneeﬁbsencénnutnhralsnbodnrrent

| ' | d
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grapnel 1 is u t Db 0baBLY
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al so shows th§e§f”é?ﬂfn‘@r BHasiat At o Cantdis aneH'fLEVanFO B
material 1@, &Paphes me i'g alkpowAr v'\'rm&ﬁhtf a'fdr@ﬂ" 1aABke ati sldbownd0isl5

7 Asin hi’ebﬂéwﬁ S ey (A A SR o e BFiPnB AP aaRET 1 s

al so shown, astia thétahgpeif8" W&iGi.ch Hz.guxtehes alge sindes beheesharhang

surface 13 of Lhec { ykse Maber, 20,5 a1 LIS HoLLEantal bk hikezgasesthe

angle (3 to gﬁ) m ni mum about SIS ependent
upon sever al iJactl@xs tleh" sekgl aprielPgrensat joahdasalie ocdAdrPPBEis48nd a

range of;2 to.dPsi §n§9é”Ble1nérh%h@r %%@9%“%%@% | DRtkd Smethdabs enbiREsa
reasonably 25 i:f:lj;atlllow raelgrée,}/al depth. However, for greater depths, one
wi e sSe =

As in the previous example, the operational position
of the grapnel is also shown, as is the angle B, which is
the angle made between the surface 13 of the fluke member

20 5 and the horizontal. In this case the angle B to give
minimum tow tension would- be about 2°. This is dependent
upon several factors such as grapnel geometry and soil
conditions and a range of 2° to 10° is normal.

The arrangement described ig suitable for a reasonably

25 shallow retrieval depth. However, for greater depths, one
or more links 8B are used, each being pivotably connected
to one another, to the hitch point 30 and to the shank of

grapnel 2.
In this example, when a number of links are provided
30 (for example two or three), the steady-state configuration

adopted by the train of links and the grapnel 1 is not
linear, and is rather a downward curve into the seabed
material 7. The effect of such a linked system is that the
overall towing force required is reduced compared with a
35 large sgingle device of similar size. In particular, the
pivotable couplings between each link, the hinge point 30
and the grapnel, greatly réduce the forces required. to




or nore links 8B are used, each being pivotably connected to one another,

to the hitch point 30 and to the shank of grapnel 2. In this e
a nunber oV ABAESE e provided 30 (for exanple two or thr%céﬁlGBW;/zm%n
steady-state configuration adopted by the train of links and the grapnel 1
Is not linear, and is rather a downward curve into the seabed material 7.
The effect of such a linked systemis that® the overall tow ng force
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t o manoeuvr e on migpes, tdre umb@@@d vosbelr o6t hinles oran drel vsfadewithcbiery.
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surface I's genera over a curved Surf gce. In
doing so it p:’rlb@tlg shet [RPRATStOES polait §Pmﬁ‘|—’élﬁusaqu'ov% P"Ili’é’]&pﬁ%ﬁ%%s £o

conf or {n mD{ e @;@@féw{ewrt mltﬂﬂl%ul%uiﬁag%atnﬁmlﬁméﬁ bHI Nb@dF@WE HeOT stp€abif ting
apparatus to r ac urthernore, onc
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appar at Se 8T VES éub ant1 aFl'yin r of arrangenent
surface In doing so it pivots at the various points wh::.ch

allows the apparatus to conform more easily with this
surface. This in turn allows for the lifting apparatus to
. be mpch more compact. Furthermore, once on board the
20 vessel, the respective links 8B can be decoupled or folded
over so asg to allow easy storage of the apparatus.

In use, during the initial burial process of a grapnel
with multiple links 8B, the components of the apparatus
bury themselves substantially in their order of arrangement

25 from the grapnel end. Firstly the grapnel part of the

apparatus dives into the bed material and rotates towards

_'itg operational position, with the other links remaining

linearly arranged on the surface. The first link attached

to the grapnel then begins to rotate about its pivot point

30  with the next link (closer to the skid plate 8A), the

remaining links staying upon the surface. Gradually as the

- burial continues, the links bury in order with the last

1link pivoting about the hinge point 30. The skid plate 8A
remains upon the surface of the bed material 7.

35 ' As shown in Figure 7, the apparatus can be provided

" with further interaction surfaces which act in the same

manner as the surface 13 of the fluke member 5. A single




25 fromthe grapnel end. Firstly the grapnel part of the apparatus dives
into the bed material and rotates towards its operational positio |

the other WOR4E2%56hmining |inearly arranged on the surfacETlGEéMgﬁgxbp!brﬁ
attached to the grapnel then begins to rotate. about its pivot point 30 ,
with the next link (closer to the skid plate 8A), the remaining |inks
stayi ng upon the surface. Gradually as th®® burial continues, the links

bury in order with the last |ink pivoting about the hinge point 30. The
skid pl ate 8Alim&m@Bnssupbac t$howur f Ze&YeRcPhelprgthafer guch. a 35ns ishown

in Figure 7, tRevarpanalhs Gamdde-drovided wth further interaction
surfaces which act in tge sane nmnner as_.the surfgig(:}gr 3 of t hcle fl L{:k.eo
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These wings are mﬁe%ge%ri%‘)éssg@@ r&d}eFi(ﬂlgﬂg%hcﬁQl @k Brirdd By e 62

shows a perspective view of "a wng 31 10 attdached to the side of the
grapnel menbePnd 8Fhe towing direction 9 is also indicated. It should be

noted that simlariguRgs &4e N dad piriddicivesi deef dheagrapngl 31 In
this case, these abe ag%lseg1 at ., SiC{E l{‘;?&r aq'%lp%ﬁq' ton{?hat of .1 he r(r)ai n fluke
menber 520Fi g@F&28BEn&Rs ERSS & i &WC1S e MRS rom 5o e e
the extent of dikecstuchacesis83alabt indicahetihe bEd siadeldabei mpéedcthagan be
seen. Figure _SC.-LI]I t t ' f.  AQS | t he
body of respeé%fn\%a%r‘g%%és %%%r#’}e%‘?%?é# %%ﬁ&gﬁn%%&soa%%@% %eﬂ%%lflle' S
denoted as X andthhsscamg, thiptealdne bagledaptapgeimslieh analevhdiP tHE & ngs

are in the-stgadypstal ¢y PWKEUORSEETHN, FNAY-BIS SHbWH Siond view
appr oxi mat el ysii?;&:/l\/létrﬁé thfe)il%ori zontal., As the links 8B _and the ggggeﬁ 1 do

not nec@8sar PEytBAopngs |Gurmm ARy Whers: Fi8 SKERNF O Heie sur

with which the bed material interacts can be seen. Figure
8c, illustrates the angling of the wings 31 or 32 with the
body of respective grapnel shank 2 or link 8B. In this
case the angle is denoted as X and this may typically be
20 arranged such that when the wings are in the steady-state
| buried position, they make an angle of approximately $ with
" the horizontal. As the links 8B and the grapnel 1 do not
necessarily adopt a linear configuration when in their
steady-state buried position, the actual angle X for each

25 of the pairs of wings may be different.

The wings 31,32 operate in a similar manner to the
fluke member 5. However, they provide further advantage in
that when the apparatus has engaged with the cable or pipe
and it is required to be rotated for retrieval, this

30 rotation is aided greatly by the use of a small number of
individual surfaces (defined by surfaces 33. of the wings
and the surface 13 of the fluke member 5) rather than a
corresponding larger surface 13 upon a single fluke member
5. This significantly reduces the stresses within the
35 épparatus whilst it is being rotated into the lifting

position.




steady-state buried position, the actual angle X for each 25 of the pairs

of wings may be different. The wings 31,32 operate in a simlar
the flukev@fRr%85. However, they provide further advanté’&@’qﬁéz?%}%ﬁgg

t he apparatus has engaged with the cable or pipe and it is required to be
rotated for retrieval, this 30 rotation is aided greatly by the use of a
smal | nunber of individual surfaces (def4thed by surfaces 33. of the w ngs
and the surface 13 of the fluke nenber 5) _rather than a ,correspandi.n

| arger surface 13 GB6nONeEPAdl EPETaKECRENhdTRe RPRRTAEW JWEVEINPET Y Educes
the stresses wnt hi Bithea3b mappeirakiacehichet silrflasdseiofg thet atled (snt ardhe
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t hese forges \%ﬂlgc#]a%% %&g%sance seoéoz&@\ifgl ﬁgientgﬁi@%ﬁ&t he steady-stz:aLteadlepth
of the appar athe. steadyl-steécagppébi afeihehaPPefétiSpar at us described in

any of the exanpl eg:hgi il he MEprRR: -0 theem Bt Agpatatssideanerdtestdn or

an ROV driven along the surface of .the.,10 bed terlal {dependik on the
towi ng force RBYuiHedyhe FHEM MRS e fPFE BE &cﬁﬁ‘iﬁdfedﬁtp%“tﬁgg?%% n%g

line 8 so as gherhesBieseflacat eth ROMdievappal atastbe sudadei pEntfe

repl ace t he ski | at e .8 a ski.d menber,.in ' C t tus is
att achedto tﬁ@gR%@%ﬁﬁlﬁé Z(sdrﬂr-{e WS PR s gghgggc?? &d g% E%IIE&?\} a
further enmbodirhenrOdsmspovmerafdEiglreescdpled 8¢, thentavingl lRaghdC B¢ used

as a link 8B, .t hi i ]pﬁgb 3 WY | Inddadlr e 9aat he
skid plate 8At%sh:%g%§¥1nr%r%§}it#e%€v§t asﬁ?t [cér?p&%%r?gégo, tqQ whicgh_i ¥

h.is
attached 20 areptecegibpnekidf pLlatet $peadi 3cG¥I8d WEBBGE i Aol CHaFEES wi t h
the earlier expaPhgSarhbiis {&r46ttHdie tld RkeBBovVALsihfea nerclenmbiaft GO s
link 8B a main grapnel,_1 s _pivotably coupled. The w ngs of the previous
exanpl e 4Pe eRfedepgEiped above. _
In a further embodiment as shown in Figures %a to 94,

an actual grapnel is used as a link 8B, this having a fluke
member 34. .As shown in Figure 9a, the skid plate 8A is
again provided with a hitch point 30, to which is attached
20 a first grapnel of the type discussed above in accordance
with the earlier examples, this forming.the link 8B. At
the rear end of this link 8B a main grapnel 1 is pivotably
coupled. The wings of the previous example are effectively
therefore replaced by the fluke member 34 of the "link
25 grapnel" 8B. Figures 9a to 9d show the progressive burial
of this combined grapnel system to the desired steady-state
operational depth. Although not shown in these Figures,
the angle B for each of the two grapnels 8B, may be
arranged to be different as the sécond grapnel is buried at
30 a greater depth than the first during operation.

Ag mentioned above, the principles developed for use
with the retrieval grapnels described above can also be
applied to a burial plough as shown in Figure 10. The
plough shown in Figure 10 comprises a shank 3 and fluke 5

35 similar to those shown in Figure 2, the shank being
connected to a towing ship via a tow wire 8. In this case,
however, a guide tube 60 is mounted to the upper surface of




therefore replaced by the fluke nmenber 34 of the "link 25 grapnel” 8B.
Figures 9 ow the progressive burial of this comhined
systemtoawhgwﬁggé?’{]ed st eady-state operational depth. AIt &&;W{IZOOG
in these Figures, the angle (3 for each of the two grapnels 813, nay be
arranged to be different as the second grapnel is buried at 30 a greater
depth than the fi rst during operation. A€kentioned above, the principles
devel oped for use h_the retrie aI rapnel s, descr,i bed ab ve gn al f}o be
applied to a BB §Pab‘ odgAgseshd f< FrguPe ]?Erlq‘ﬂelsp%bgﬁ sh

Fi gure 10 conphesesib® Handatd E‘aildflﬁf:bldiﬁ 6543 reiatedabyt mdvengnts minthe
Figure 2, the_shan i ted to . a towing ship via atowwre 8. in
this case, hB@Bb‘%E, le gﬁ?dggggﬁﬁ gbr?gtﬁgﬂnwéd to the upper surface of WO
03/ 029568 PCT/ Gl10FAQui89538 ghow®) {h GlZenned istearsikadpdied i whihch Boops be
buried is 9U'ﬁ§da£9r S 5 &l t éghdfﬂﬂéfiqyJdﬂ@Wb@ﬁtB&ﬁekeéheysﬁaﬁﬁﬂent

of the ploughin th towng direction 9. Fi shows an alternat]ve
exanpl e in thcﬁnhé*éssupse%sw%a%sw@%daadgayé#tlgtln%a%p ahYtBevsBm of

the shank 3 Qﬂlbtioﬂpﬁﬁf’c}ﬁtﬂﬁeﬁcﬁeaonﬁt@:brfi%\lgl’fh ngte@@pﬁ Al thaughthe
friction wthtgf bed n;aterlal %ggﬁ the cablegﬁggﬁ away
from t he shank®3+¢tRk RIEHREFFTN F it %%IBI SHEFESITF Ky ¥i ng
operation ensmhxetbﬁtpipelﬁhrﬂnglmealhlatﬁ@tophnasr:atmkeﬁsmeseqhatedt As
for cabi e Vv t he,t.0 S a
buri al g%r at’f%rﬂgl?%’ é‘?ﬂ)uﬁ’%‘t'be ot et?nt %I%hg%?éﬁ% I%% %gggrl%
above can t hepiporeeteiersel, ian KO0 ciaan it@nuﬂetdha&njlh@f tpwenglmeabavéor

exanpl es so Péfvégé‘rmat us with a burial and a retri eval
function. aél\%&%rZOOG CLAIMS 1. A retrieval appar atus (1)

retrieving a cabl ellorshgydl bpurpbad urert idte YL He B LRNEEY Fﬁlde?%lbed

retrieval appaseddlSca® HR¥HHIIE e ShadK iBhcheviagionf Wish ahyfecethdO)

and 15 above examples so as to provide apparatus with a burial and

a retrieval function.




a fluke nenber (5) having a sec‘bnd surface (13), wherein under normnal
wor ki ng condi ti ons when the apparatus is towed in a towing.direction (9)

the fluke menber and at | east part of the shank become buriedgwng%@e [ﬁpd
material to a predeterm ned depth suitable for retrieving the ca g[ll

pi pe (22), wherein the second surface is23ubstantially w der in cross
section than the first surface with respect to the towng direction and
wherein the first and second surfaces atkA®mM$anged with respect to one
anot her such that under the normal working conditions the interaction
between the bed material and at |east the first and second surfaces
gener at es oppdsi Agrefsiesal | apparatus stl)af@rssebnievimd az el simpipke

appar atus 0 b aeinhalBeqs sk SURSHAALALEY: ANe iU G4aLEIUNCdAERERy 2 AN
apparatus for bur¥|. a cable or pipe (62) underwater in bed nateri aF, t he

n
appar atus conp% ﬁﬁ:gLna’shank (3) having a first surface (10); and a fluke
menber (5) having a skankd (34r haoenf1l3) firvheseipabaderoner gal wor ki ng

diti wh th t i d i t owi di ti the fluk
menber and at 1 eadt ChARE BPPRES (RAnRAYIPEL 2sSFPaEd BEEGHESDUHbA [ (he
bed material to a yhedeirr mmier deywiimado werkongl oumhdatidns r ediesui thbél e
f b i t o] i . i b iall
wder | crose ReRRtfs Ol AR (lfing COEPHErOLoaR)' R BARE B 1Y

direction and™eWReF il tde Feast rawt wicdhe shankcbecare Burasdednwiba

respect to onpe@nohhesrsaLh tataungesathernonag! &Q%Ehngsuﬁeﬂgiéioﬁérthe
interaction between the b%% material and at |east the buried parts of the

first and secondt SUFFAEe&nCyerb 58 e OTogpHRE nd 2Ror c SELERCH Re TG sTEERRA
second sur f acesrfaaeisi ngsttbetappasdl uswhdele imicHcrignete@l Gubshant tiak | y

or - pipe | nt ok LI T TRFEAES 3 YApar SR RS bl diiy EOVERd: A S Here i ho.
gui di ng nearhersmipgy | see fhrstr angt eseforal t sheféses Biregerdmigeant witlp ()
mounted to theghalk.to one another such that under the normal working
conditions the interaction between the bed material and at
least the first and second surfaces generates opposing
forces in the first and second surfaces causing the
apparatus to be maintained at substantially the
predetermined depth.
2. An apparatus for burying a cable or pipe (62) underwater
in bed material, the apparatus comprising:
a shank (3) having a first surface (10); and
a fluke member (5) having a second surface (13),
wherein under normal working conditions when the apparatus
is towed in a towing direction (9) the fluke member and at
least part of the shank first surface become buried in the
bed material to a predetermined depth so as to plough a
furrow suitable for burying the cable or pipe, wherein the
second surface is substantially wider in cross section than
the first surface with respect to the towing direction and
wherein the first and second surfaces are arranged with
" respect to one another such that under the normal working
conditions the interaction between the bed material and at
least the buried parts of the first and second surfaces
generates opposing forces in the first and second surfaces

causing the apparatus to be maintained at substantially the




4. Apparatus according to cl ai m 2 or claim3, wherein the gui£§ ggﬁln@ hs
adapted to be noveable and to interact wth the bed materi al &0

control the width of the furrow. 5. Apparatus according to any of clains 2
to 4, wherein in wuse the cable or pipe is supplied to the furrow froma

di spensi ng neans. 6. Apparatus according 2® claimb5, wherein the dispensing
means i s provided upon the apparatus. 7. Apparatus according to claim5 or
claimé, vxherginedelt@mdm@edebng NBAASméSn® GAOE POt @iididee cable or

Appar at us accqy: he preceding clains, wherein under normnal
wor ki ng condi g’ns ttg) %@Prés?f s%ﬂ”ace i s inclined downwards such that an

upward force éomﬂmnﬁwatm$ generdied ite thkbakhadk ahdrneipassis ghidmgg t he
bed material nednsARRARALWSAGHRY ‘Bz“gnéx% Cc!@'é“ éébe‘é‘h‘?é?' “fﬂﬁgéﬁ “}9]
upwar ds at a

wor ki ng condltlons the second surface 1s incline
downwar d f or c&€1l@BmiheRPURSegefier khedshankne fluke menber as it passes

t hrough the bed m:ppaﬁ:a@hs aacoﬁa@ﬁ@awscaamrdl B¢ EQa@{ﬁYBOf th%eEﬁeEﬁél ng
us .accord |ng

clainms, wherein.the sh é | ongat e e$

clai m 10, whefJBllfin1 tﬁ‘gajé‘ﬁaﬁﬁ # §pt% g?‘?gé‘i%’%aé& &ﬂ ﬁF’ﬁ&réﬁtaWEhand a
separator setheohe@4nahaviay aodsmttai c&m:txsqdattﬂﬁ Imcﬁ:e]paﬂfathd Eﬁﬁﬁbwt he
axis. 12. Appara d erei.n e fl menber .
attached to tﬁ 4 aﬁ&&?é é&gdlt&ll’%n%({n Hi% \g]qla endgofto é ‘sﬂel r?a?‘o
section. 13. u@%aﬁéﬁusﬁa&ﬂ@r@r ngipe asy sofonliedrecethrg foiraiows  frdmraher

conprising a §oyhags taattached to the shank, wherein under nor nal
ions at Teast part of the tow ng nenber interacts with the

wor ki ng condi

bed nateri al éucﬁpﬁ?%ﬁ TS rRCEPHEFRA UsO | GLAHN n? ai WeRr ain t Hee pibeleers Hidied

depth. 3 1 M%&Q@Glézbﬁém@@cpai@m&mcﬁmamd@ claim 13, wherein the

shank is gzg%#o be pivotab to er duri

15. Apparatus’ a %ﬁ?ﬁ? SRRl ?é)éi Wﬁﬁ$%ﬁ genhhereln the ©
dispensing means is a glue pot or a reel.
8. Apparatus according to any of the preceding claims,
wherein under normal working conditions the first surface
is inclined downwards such that an upward force component
is generated in the shank ags it passes through the bed

material.
9. Apparatus according to claim 8, wherein under normal

- working conditions the second surface is inclined upwards
such that a downward force component is generated in the
fluke member as it passes through the bed material.

10. Apparatus according to any of the preceding claims,

wherein the shank (3) is elongate.
11. Apparatus according to claim 10, wherein the shank has

an elongate section defining an axis and a separator
section (4) having a distal end spatially separated from
the axis.
12. Apparatus according to claim 11, wherein the fluke
member is attached to the shank at or adjacent the distal
end of the separator section.
'13. Apparatus according to any of the preceding claims,
_' further comprising a towing member attached to the shank,
- wherein under normal working conditions at least part of
the towing member interacts with the bed material such that
the apparatus is maintained at the predetermined depth.




the tow ng nenber further bonpfises a skid menber (8A) which is adapted in

use to remain upon the surface of the bed material when the apg§ﬁak®§ kﬂm
at the predeterm ned depth. 16. Apparatus according to claim 15 e
the skid nenber conprises a renotely operated vehicle adapted in use to

tow the apparatus. 17. Apparatus accordingdto any of clainms 13 to 16,
wherein part of the tow ng nenber is nmade up of one or nore rigid |I|inks
(8B). 18. Appdrat uppeceand Bgdoardihg ol ¢ladkernsi nwheeedh eaehshkhrk iand

t he shank are i yat ahl y. I 0.Qn anpi her. 19, aratus .,
according o araprely €3, B8 B RSttt RoPhetkavdy (BRI ing,
coupl ed and d&ssupl ed. 20. Apparatus according to any of clainms 17 to 19,

wherein one qi5 Mgy agfath@eardcqmilﬂgng% O S£P P afdih! opal ynehank and
fluke nmenber, the addjtional shank and fluke nenber having surtaces
arranged wit hHEspeMing BABLaRotREChesy rmatSemder SKH€ HorRer wdBRY ng

condi tions thehiicht ]tcilsa@aiapneaﬁ&wea@et E@ Peslanat apbal tﬁ@dshbeaéé{jﬁﬁceﬁe
gener at es oppgsi.ng forces sych that the apparatus is _maintained at the
o edeter i nedBREp R Ay ieh Die APDaraLde déeeti Wit Brang ot Red
precedi ng cl adapth.wherein the apparatus further conprises one or nore

further —intejact ipgag;a&%fgceacég@&i d 10 UgPal R i:@ef@ﬁ&r&m tthré? sﬁfa
material so as fo nerate forces of"a simlar sense to either the Tirst
and/ or the scRORECEUEIERESeR A rAppaedyusrarabedi vehid « lagiapted, inhesei n

the forces gepergheehargpoPiradegs Ml ar sense to those generated by the
fl uke nmenber._ 23. Apparatus according to claim 22, wherein the further

i nteraction s{ﬁfa%%%a%?EP%ué%ﬁﬂﬁQiﬁﬁs 75y cF1cdpims3li MRl oooghosedn,
Appar at us accgegh NgE t thanyowing | mdiBe? i nxde WHESEI bne €FE MIHAIrigid
arranged such fhat, %an the apparatus is arranged in use in a starting
position on t Ch %r% e of the bed material, the wing nmakes an angl e of

bet ween 30 ankB. Apparatus according to claim 17, wherein the or each
link and the shank are each pivotably coupled to one
another,
19. Apparatus according to claim 17 or claim 18, wherein
the links are adapted to be coupled and decoupled.
20. Apparatus according to any of claims 17 to 19, wherein
‘one or more of the rigid links comprises an additional
shank and fluke member, the additional shank and fluke
member having surfaces arranged with respect to one another
such that wunder the normal working conditions the
- interaction between the bed material and the surfaces
generates opposing forces such that the apparatus is
maintained at the predetermined depth during use.
21. Apparatus according to any of the preceding claims,

wherein the apparatus further comprises one or more further

interaction surfaces adapted in use to interact with the
bed material so as to generate forces of a similar sense to
either the first and/or the second surfaces.

22. Apparatus according to claim 21, wherein the forces
generated are of a similar sense to those generated by the
fluke member, '

23. Apparatus according to claim 22, wherein the further

‘interaction surfaces are arranged as wings (31,32).




55 degrees with respect to the bed material surface. 25. Apparatus
according to claim20, wherein the surface of the additiongﬁ1fmﬁﬁezmﬁnber
is substantially wider in cross section with respect to the towng
direction, than that of the respective shank. 26. Apparatus according to
any of the preceding clains, wherein, wh2h the apparatus is arranged in
use in a starting position on the surface of the bed material, the
apparatus i s @daptrgpaactasdangordihfetbednyaberibdiny @8 tSUB t haferidia
second surfacej . gl f fwee out 30 and .50 degrees to.the
surface of thga C}d%rr]h r?gl a%r%'?ggﬁp\é%l%cg% UEB%ECOP"%*?HQO‘}%G c?%ﬁ?ﬁ%%;lsmﬂec‘r ei n
the angle is @rFapged dmgais30 irp B5S teyrbes . pOSi t ppacat bheasuvfdicrg otfo

claim 26, wher@ichpkhemah@leal S tid ik &%ﬂ%@ 40 %ﬂg?é 6'@9%@&%@12%-0 an
Appar at us accor di n% to claim28, wheréein the angle 1s substantially
degrees. 30. App4FIFrGSSavebPdrR§PEStaky bhet hedpratening eHELAte- wherein

under nornal ®erkapgacanes ta@issditic APeNain 90, tigerd WM 1k HurSGlde0B £
js at_.an ,angle of 10

resol ved onto_the cond r e of the .fluke nenber
degrees or Iegigemfﬁﬁlg?’%%tc’{la‘ﬁ?? Fwitfig® ?'é%??b?%ilél"‘.’l%&lna Gess
accordi ng to eketap80wivheresmetietcoriponenving esaleced obnt ahzhe theeood

surface is at S ntially 2 degrees with-respect to the

t owi ng direc%ﬁgnﬁagéscg;%%tﬁgﬁﬁgﬂ retrieving a cable or pipe buried

under wat er i n2@- bd@PaAEEERFalacHOTliee td nadepel, thee prededing onpaivsng:

towing (51) rehéreval apRal akus AEhPGst O claéirqhgqear {9 afye ofixclgins 8

to 31 when dependent on cJajm 1, erein_the apparatus_is arran eg for use

at the certai "-YeptPe WRF1C1PR apkee fupipeeie eﬁ@%g@ﬂd(%QF?rbﬁgg the

{etr: evi ngz(@paiwtmbis atapicpd. mﬁcdoxiuﬁ&gfzf}%? 2Re3bedA midwih acephdi ng
o claim 32, [ onprisin en e cable or pipe.is engage

det ecting con %E% E%%Ewggﬁ fﬁgggg%lﬁuﬁfaﬁ?pésaﬁﬂztﬂ% Fggﬂﬁeﬁg?%%%55¢%?us.
34. A net hod @wwor dithgnido 561 degrd2sotoctla BXadairtthehe bed material.

27. Apparatus according to claim 26, wherein the angle is

in the range 30 to 35 degrees.

28. Apparatus according to claim 26, wherein the angle is
in the range 40 to 55 degrees.

29. Apparatus according to claim 28, wherein the angle is
substantially 45 degrees.

30. Apparatus according to any of the preceding claims,
wherein under normal working conditions, a component of the
towing direction resolved onto the second surface of the
fluke member is at an angle of 10 degrees or less with
respect to the towing direction.

31, Apparatus according to claim 30, wherein the component

resolved onto the second surface is at an angle of
substantially 2 degrees with~respect to the towing
direction.
32. A method of retrieving a cable or pipe buried
underwater in a bed material at a certain depth, the method
comprising: towing (51) retrieval apparatus according to
claim 1 or to any of claims 8 to 31 when dependent on claim
1, wherein the apparatus is arranged for use at the certain
depth until the cable or pipe is engaged (54); and,
retrieving (55) the cable or pipe.




conprising termnating the tow ng operation follow ng engaging the cable
or pipe, and raising the cable or pipe to the surface of the bed materi al

using the retrieval apparatus. 35. A nethod of burying a cablego[Nm (?$%
a bed material at a certain depth, the nmethod conprising: tow ng app@rg S
according to at least claim2 wherein the2gpparatus is arranged to plough
a furrow at the certain depth; and, supplying the cable or pipe to the
furrow. 36. A3mthwdmeenoddiaegotr@ickaiud 3Blamher g n rikeneabl@nridiRe 1S

supplied from di spepsing ns aboard the apparatus._ 37. A nethod
according to é’%lf%gf Q% ai(ﬁ% el 3%}pieur1t§1eﬁggégﬁ§ri sTRgeehEng: &ondEct
posi tioni ng t feetamear dhes caiblicher supfaaadofthicheded avaitlekmipala ratuer. t o

v, 2oy L A pAde et Ateg! 80 AR OB LU i
A met hod accor@Meg 1Eanghy terménatasg32the 3vowing t areraduimpr i diodd awdwmiang
the apparat us ciiga@@ng tOW RAHTRARS p3Be, AslRL E*%qs%gort@'ﬂen&amec'o@:i 933
wherein the t$M4H§1 ngan S % surfapeevessel._40. method according_to
clai m 38, wher@ miheStobRg Ohediie iked refsripy oo eBhoekictrécvai. A
nmet hod accor depgatatakai m 40, when dependent upon at |east claim 35,
e ey oo o 38, nokePhBE b2 BUEDLLGT LA bEPEIRL"Ia B BRReRET LR
at a certain depth, the method comprising: towing apparatus
according to at least claim 2 wherein the apparatus is
arranged to plough a furrow at the certain depth; and,
supplying the cable or pipe to the furrow.

36. A method according to c¢laim 35, wherein the cable or
pipe is supplied from dispensing means aboard the
apparatus.

37. A method according to any of claims 32 to 36, further
comprising the step of positioning the apparatus on the
surface of the bed material prior to towing, such that when
the towing step is performed, the apparatus interacts with
the bed material and moves to the predetermined depth.

38. A method according to any of claims 32 to 37, further
comprising towing the apparatus using a towing means.

39. A method according to claim 38, wherein the towing
means is a surface vessel.

40. A method according to c¢laim 38, wherein the towing
means is a remotely operated vehicle.
“41. A method according to claim 40, when dependent upon at
least claim 35, wherein the cable or pipe is supplied from

_dispensing means aboard the remotely operated vehicle.




