WD 03/ 029568 PCT/ GB02/ 04396 1 CABLE OR PI PE RETRI EVAL AND BURI AL APPARATUS
AND METHODS The present invention relates to a retrieval apparatus and
met hod f oworoatedse¥i ng a cabl e or pipe buried underwat er 5Pcn/drad/onmberi al
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 water such
as oceans, in order to provide power or icommuni cation |inks between
regions or 10 nations. Rather than sinply |aying such cables or pipes on
the surface ofathe berdpnREeREBRIEVAGHAND BURIABaBEBARATUSS ANBeMETHODS| to
physically bury these wwthin the material itself. This provides a nore
stabl e and protective environment for the cable or pipe and in particular
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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 "otter
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 world.

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



WO 03/ 029568 PCT/ GB02/ 04396 2 seabed and a fluke attached to the shank.,
The fluke penetrates the seabed to a depth sufficient to engage the cable
or pipe. Whassphsnk and fl uke therefore effectively operareTaBo/oek 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 made with the cable or pipe. The operational retrieval depth of the
grapnel is determned by the length of the fluke and it is well
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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

aurface of the seabed and further conventional recovery

20 operations are then performed, for example wusing
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 PCT/ GB02/04396 3 For exanple, a
typical towng force for a grapnel designed to recover a cable buried at
2.5 netrespoa@yshe up to 40 tonnes, whereas a typical fi lpce/Gasioes9sabl e
can only wthstand a uni axial tension of up to about 30 tonnes. 5 In
accordance wth a first aspect of the present invention we provide a
retrieval apparatus conprising: a shank having a first surface; and a fl uke
menber havi ng a second surface, wherein under normal working conditions,
when the 10 apparm@édisekampdeed d ntapiosd ngodiinect foncehddd ukegnepbed and
at |east part. of. the. shank becorre d I
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rides along the surfagreohetiberbrdvimyeai abcohd eumfrast, in the retrieval

apparatus of the pr s?e?gg‘1 i nvent | Oﬂbr% 1! %]‘aﬂﬁ Ekdﬁtﬂ“io%é shank, begRnes
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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 gsubstantially 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. 1In contrast, in the retrieval
apparatus of the present invention, 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 PCT/ GB02/ 04396 4
mat eri al wo oa/opaseslet er mi ned depth so as to plough a furroRCTaBRAIH9e f Or
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 interaction between the bhed material and at |east the
first and second surfaces generates opposing forces in the first and
second surf acest&ausi ngo theprpdatatmbnéd deptriai sy sianexh mioug]ma dntiradv y
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conventionaL, neI %ﬁp% m%%%ﬂd1ﬁf%%(Hﬂyﬁaég001ated apparatus, to be

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 example 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 towng force is WO 03/ 029568

PCT/ GB02/W0339629568 | ower with respect to conventional grapmrersGRRa43965oughs.
In the case of retrieval, this allows cables or pipes of snall dianmeter to
be detected with less |ikelihood of damage. 5 A potential reduction in the
size of the apparatus and the correspondbng towing. force is also
favourable economically as the overall cost of a retrieval or _ploughing
oper ati on candweer edicedreFhectnEentdanvesisiongr @iarze bot eRti RLCFERSfut ur e
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Typically the apparaLusphUbhiel 16OHRE:§RRA tbOURGHRTRY Agatrilar the

15 predetermlned depth by consideration of the mass of the
apparatus, the typical bed material for example clays or
sands which can have shear strengths up to 300kPa or more,
the dimensions and arrangement of the components and, in
particular, the arrangement of the Ffirst 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 0.5-1km/hr.

Typically, under normal working conditions, the first
surface ig 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. Wien the shank is fully buried, 35 under nornal

wor ki ng conditions at |east part of the towng nenber interacts wth the
bed mat erwalo3seashs t hat the apparatus is maintained at th@CprGRienedm ned
dept h. WD 03/ 029568 PCT/ GB02/ 04396 6 Therefore preferably consideration is
given to the interaction between the bed material and the tow ng nenber.
The neans used to tow the apparatus, suchsas a ship, does not provide an
upward force. 5 The towi ng nenber may therefore be either flexible or a

ri gid nenber sidraheneri girefeppbller aloptilversitbdnia i sis adapred t bobethe

pivotably couphedi L0108 S THIPBlealtnL Y10 58na RIR FIARY, kit ng
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y each of these |inks ar ot a &L
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of them may 15 agbud |wefiospr bag &iheﬁﬂdtigbcﬂlal psbaekaaﬁgr fﬂhﬂeshanher:,s
t hese havi ng s rfaces_arranged w th res Q on nder
nor mal wor ki ng EBFnﬁgt?%rEe H%éfcitr?tb yagﬂ db%?w%%% ?ﬂpﬁ{%}id"e erl : antd the
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at 20 the predet i waber-2f uch
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grapnel s may %e greater depth of retrieval or
burial . Ppef esubEgcehefa drasks matrerierl cOAPR| 8BS BRBAGALHSr &5 Al tHhe

interaction Sgkéageér%Qﬁehedepehuserﬁ@ adulefgaeltemb%& wbihcbher bed omt esi al
so as to generate forces of a sim|lar _sen E ose oftthe fhrsi( and/ or
the second sufPaBes i19¥t ef éP&BIy  REeEoERB Y e‘c?r?g'bd Shs HRiTgst B Ss T
side plates. pThetrubngs driplidiernas osee banptherded Ion genlerald (sifch p'lrzaﬂesmt)
o e e trE! £ e ahakafl SRS ISR, o B by 08 A R
adapt ed 16 genetatélypwangprise an additional shank and £luke member,
these having surfaces arranged with respect to one another
such that under normal working conditiens the interaction
between the bed material and the surfaces generates
opposing forces such that the apparatus is maintained at
20 the predetermined depth during use. In this way, a number
of such grapnels may be linked together to attain greater
depth of retrieval or burial.

Preferably the apparatus further comprises one or more

. further interaction surfaces adapted in use to interact:

25 with the bed material so as to generate forces of a similar
sense to those of the first and/or the second surfaces.
Preferably these are arranged as "wings" or small side
plates. The wings may therefore be provided on a link (if
presént) or for example on the shank of the apparatus.

30 Typically one or more wings may be provided upon any of
these.

The wings may therefore be adapted to generate upward
or downward forces depending upon the respective
configuration of the first and second surfaces. Preferably

35 however the wings are provided to produce a force in the
similar sense to that of the second surface provided by the
fluke member. The use of such further interaction surfaces



or downward forces dependi ng upon the respective configuration of the
first and second surfaces. Preferably 35 however the wings are provided to
produce awbmsozsbh the simlar sense to that of the secomrdTgiBRae6

provi ded by the fluke nmenber. The use of such further interaction surfaces
WO 03/ 029568 PCT/ GB02/ 04396 7 produces additional forces which allow for a
smal l er fluke nenber surface to be used Tor a given predeterm ned
operational depth. Wen used in association with links, these give extra
rotation of tgweodiuasks crddizimnah o ashatefdy @ldew doteds edapérat £atken
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e

generate a force upon t Irst surface. Al though the fluke nmenber coul d
be attached ®pF?eR¥Py to the shank, preferably the shank has an el ongate

section defining afcaxisdeadrabiaridesisepaatife seaimn dwavieugixed st al
end spatially se arat%d fromthis axis erably . the flélke mgnber, i s

, Pr ef
attached to the HPY: &Sty %’épg}lﬁﬁi ?é’(?tai%”ﬁufs FH s FndPedddS the
vertical rangesbfapbeenthat, emppagenant thie hprhdetabhéned pigeth Theven

e Lok S S RO° o SSpter o LR ot the

r et ai nedladj ackaret wiflhebe no net rotation of the apparatus such that

its profile with respect to the towing direction remains
gubstantially 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

gsurface. Although the fluke member 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



separator section. Preferably, the second surface of the fluke nenber (or
any additional fluke nenber acting as a link) is 35 substantially wider in
Cr oss- secwpDan/02856$1 respect to the towi ng direction than tiretr/GHo208896 shank
(or any additional shank). Each fluke nenber is typically approximtely WO
03/ 029568 PCT/ GB02/ 04396 8 planar and arranged such that an upper planar
surface, operating as the second surfaceg has a plane normal which is

al nost orthogonal to the towing direction, although angled slightly (by a
few degrees qfl=ang ejndovardsided ssbcldi thetti oan supherhatl angwrgerface,
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and mai nti nSixRet iR asvei RBAEuR TOTEEpSRIIR O A WRfBet 6f *FESEST s
such as the hg¢r-#mderial type and the di mensions of the 15 apparatus. It
will be appreciated that a smaller, angle_ reduces .dr rat es a
smal | er vertical forcdPWRIH rcé‘is;e)tgbet q‘—t%é"ﬁnaq %L%ea%gﬁ%ég%egr@f%rd;agﬁqﬁg
second surf acee @fn@asin £ 4ok eo frertrerf 1 uksh erenieandd &hexvg fore paeksirald 1 he
second surface, i.s 20 arrapged s t OWS 10 AN ddPSL 0N
arranged upon®ealh STHE of 8?h§%sh§%%é£%dorﬁ o?%éc%i ng eneér,!abll in. the

t owi ng di®ecttowinFhéswetiponal baw thrrappee BeLabiy ago§iuﬂ0'r°-*6ﬁ tiedily 2
upright-upon ghe . bed gaterk-akpREkOkd Q@Yo taatbo8ivht hooheaddiglienal
support. They al'so cause_a 25 greater area oé)lt e fl lfge meager Lo enetrate
the bed matekhab ithia i blvket FSTRRF pFEeRErAg Y FEH S doAwdl oF ce

before the shapkiggnkaebsihberbedisatepealdenthiupon rereades tdfe famtidrs n"
e e Ll hthraa e AERhLElot: F0p%idd "Phe SHERBAE:Bhat T ShROK 15
15 apparatus. It will be appreciated that a smaller angle
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 gsurface, 1is
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 ‘"pull 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.



and narrow with respect to the planar surface of the fluke nenber. The
first surface therefore provides a relatively long interaction length in

t he di recwoDon/ozf56g he towing direction and this, in coopePaTiGBU20MId9N t he
second surface, 35 nmaintains the rotational and vertical orientation of the
apparatus during tow ng. WO 03/029568 PCT/ GB02/ 04396 9 Although the shank
is typically elongate, it is not necessapy for this to be of a linear form
and i ndeed curved shapes can be used, one exanple being that of a

hor seshoe. Altmmgﬂtﬁwmgﬁhahe shashkarile capitalisecebendabg, astals @it abl e

first surface |s provided Jifid §PBRCLECk a4 0r CRINE dlie iR Ay om

t he bed mat erf&te %%IS aI OWs  npDre menber to _enter .t he bed
materi al bef osmapediccandrk wendacns wxaTHle baidly dttadt Geherassiysan

upvard force yprki ﬂgha%@wéhgﬁg ReNeL K Ak OBanHMWEV eked hes 10 cpas at s is
preferably arrange % such“that when in use in, a startln 05|§|0n n t

surface of theubedabhat &lirat %Hﬁ@ﬁ%?bﬁ?l&FOVFﬁgdapﬁéidf 3569 d such
that the secgngysuchacgnbskabwasp ﬂﬁ@h\etﬁé beﬂmmte&ﬁ&larwb 550 & @ltlvevs

surface of the bed teri Thi s ef b

that made by %ﬂ?eaagaFﬁ hukﬁt@FggF%oﬁ ?& acgééa$%£§§%&%%§§¥§b h@
bed materi al . cfibe semkof coheastankitihstit, t euthe supeact ogesesptang |6§1
typically used for nnectl t t higowdeets th
forenmost with Pgéﬁgcf Wﬁgk%ﬁ§ ﬁgﬁégggﬂBgHEErag%Pgtrleval or buf?a
apparatU$oaccapgangtus uﬁeprﬁﬁﬁéﬁ¢1@haﬁ¥%ﬂﬁﬁ§ SR Ao 1S HhdtSF t1™oes

not requi re !—in' "?[ltll}lq' ﬁési@léﬁeoﬂr aded esii-padedeE hthe oedermdtoerial
operate. e Si

f aced upon the surface Oftta ‘ﬁé g% %H
t he second subﬁé@éeofb%¥%ﬁ lu%@enéﬂﬁ%?r?%u?aﬂﬁ‘tﬁ%@% of dhy” addiftiona
i nteraction syehagesyuafigkbedist avasdsandite el betverdral3 Suendt Baf whephe he
apparatus is first to the sec nd.surf ; D LN heesbedp it g al
and the appar §°4<3°€ 8 agBSdgsgnQS ﬁr%ﬁg sﬁ?ﬁa gﬁé%é 1 ar at us ¥2erefore
provi des1g sekhmeuryhgbef wect tbat 3&Gden hyccﬁrrdané@dwiiﬂﬁn& t R ERPeEP of
the present surfaces (where present) with 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.

cWth

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 is 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.



invention a nethod of retrieving a cable or pipe buried underwater in a
bed material at a certain depth conprises: tow ng retrieval apparatus
accordi ngwoe3nkses i r st aspect of the invention, wherein Phe/Ghpasabus is
arranged 35 for use at a certain depth, until the cable or pipe is
engaged; and, retrieving the cable or pipe. WO 03/029568 PCT/ GB02/ 04396 10
Typically a surface vessel such as a shipois provided as a tow ng neans
and is used to performthe towng operation. Preferably the nmethod further
conprises the steapmmifcgids) td euinfgdecheeamedr stigh 65 ehehipriacereyidad bed

5 materi al pr| or tot&pﬁ%g,“hes#h@ %ggt When the nglggrgﬁp ikhe Pes&hORGEd,

t he appar at usS nfteract mat er 1 al npves to the

pr edet er ni necmEEttion n sérefexadivt Hdrq oW‘ﬁboépéPﬁtlhﬁﬁ R 575 f bRfed by

a towi ng nea fQrmM2find submepshbhe r@ﬂoth@é)s ¥ aperatad welicl e
(ROV) on ther%: rﬂ]é’?gf’gsq’:% 11% 193] us ur

mat er1al hlih"é% Ll_j&gl arI b%nefl ci al
where morfe | inpHESEEh h T QHhItes te1pPpesughet
envi ronnent s sdefbrasd | akes apﬁaka\taés 1n‘Ela:&aR®é rm)tli et Hee@prpa’carusl
remotely and therefore be arat d fromt ratus 15 during the
operation. A3 MRYSRIVCt ﬁ%%/ bath recﬁ?@ coupl ed to the apparatus

at a hitch point. Iﬁysmmldage,esmm theiogbdpevat pppanay henpagéormele bivet hod
further conprlsgs dent ecting.c rHag}leb Yeen dehey cﬁmn%glm@er@mgtgng
us

retrieval appaar % of exanpl e noni torl ng the tension in t ow
line. Fold owi opeentadenenicle h(eRQ?é)t mrd thpissaiars aft fée P&ﬁpWP§§§la

termnating the:d 0‘&'&%99&@&1991?”%&@@&%1’[ h@heabl encare mllghtmlgm
surface of the bed material using the retrieval appara us

accor dance wi €#DEEF oRF tLRRPERES H58%he (e SEAPIGveht Pgﬁrogmrrgttﬁoﬁ SH

burying a cablg arsiideand arbesrsat erhal ROVarnegrtadw dept happemgitivses
t owi ng apparatu cor di

d f
to plough a F%W?Bﬁi&t gE%;{g ﬁr%: on %ﬁ%@gﬂeg £l PEES eabphReRd on

15 during the operation. Alternatlvely the 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 monitoring the tension in the tow line. Following
engagement, the method 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 further advantage of the present apparatus is that

the operational depth of the apparatus is more constant



30 supplying the cable or pipe to the furrow An ROV can also be used to
performthe towing operation to bury the cable or pipe, either tow ng the
appar at uswpenorashy or by being directly coupled to it. ThecCTaawe4avay be
di spensed froma "glue pot" or reel positioned 35 aboard the ROV or aboard
t he pl oughing apparatus itself. A further advantage of the present
apparatus is that the operational depthldf the apparatus is nobre constant
WO 03/ 029568 PCT/ GB02/ 04396 11 than in known apparatus. This is because
typi cal |y suchancdnyémdwmapppparasus 58S \isedlesasekivei¢dl bedeeelt he

tow ng forcecﬁﬁ%ﬁﬁ% ) t'égﬁ%ﬁié{gxsd%féé‘scm%éffé thLalk¥ds Os i AEALOMI BBeal ong

n
the surface of the bed nm ue to 5 surface contours._ This ﬁrgglﬁces a

cor r espondi ngomdriconf onge hpRd Heg | ghanbemeat ioe TRES leseS ot e FERER Aty
occur W th the iRILeRtidg vaiPR MRS sh€agkablf theabetematerpalt dakl yo
buried and in many cases w l | be %ojgnpl et ecw buri ed beneatlg\ ltrp Rggion
material 5 10 SEBXARNSsCHREPETF i ev At 4h P RN TFEES afp T At Bt i nBds* Mn
accor dance Wit Hie gHesentikéenventaoh. w Mhisowdes mescgébedeblyl eoatrast ed
wi th known apparat wWth reference to th C i W RJSH ol
whi ch: Fi gur Hhsh aﬂr???ﬂ‘{ét r%trfw\lp%rhélo?ﬁ a%ksﬁogﬁgg?%%%lgg; d{%S a%i ﬁ??gﬁ i's
an il ustrat igertofall webixrbedyi ayd glapnedny acesed ng1ld P9 i FSFPeRERpVe;
Figure 3 sho he menber in the first exanple;
\a%%*)%l%ﬁ ggéﬁg'agcq{'el;ﬁet Ahed hﬁaé%f‘f&i

Figure-4 is 1agram of the exanple method; 20 Figure 5a illustrates
a sel f-buryi ng anExampliey st r@ﬁéﬁ&ﬁfﬁénaaéc@%m#g PRI 4T g% ;

Figure 5b shows thed=8ida0 Rt cald e greddit seabedtibal | wid hg ngagenent ;
Figure 6 shows a second ex trieval_.ap ar at us

coupl ed to a d§FPrede; 2 gﬁlfzg’n fr§rﬁg\‘7°v§ awt:"rﬁh?d At eaé?gﬁht\éﬂ%?sg%i%ﬁ e
rigid 1ink angFeaeshdd obal té ngscombany engadirswanger spacwhiehvirew of a
Wi ng; Figure 1 shows an illustration 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 9d 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,



Fi gure 8b shows the wi ngs viewed from above; 30 Figure 8c illustrates the
angle of a wing prior to burial; Figures 9a to 9d show the progressive
burial ofwao3fzassg h exanpl e of apparatus in which a grapn®CTiGBwsSe¥6as a
link; 35 Figure 10 is a view of an exanple of burial apparatus wusing a
tube as guiding nmeans; and, WO 03/029568 PCT/ GB02/ 04396 12 Figure 11 shows
an alternative exanple of burial apparaties usi ng hoops as gui di ng neans.
Figure 1 shows a conventional cable recovery grapnel 100. This has a shank
101 and a fluke 102 qit@chad showse an Sagndrohttive sémakpldhefshhpnkipd

posi tioned on the surface of ithe se e he fluke 102 penetrating
the seabed. RDWWT e TTE 4172 g %% %%%%%“hégn e towed in the tomﬁng

direction 105 by aFnynntelsﬂm¢w@eavessﬁentheﬂalsﬁ@hh? regoREr¥hoRALrHS L

Figure 1, ”Veﬂ{ é’r}?% apRash 110 GArNghdesien ber seekietionenseabed
penetratlon | hat th ength of the grapnel shank |§ ng |nat%ly t hree

times  tHat dﬂuih@ff¢@ﬁe8ha¢§ haghpegRaikat 8dPOFATPHE alfHr L
penetrati Onl d&‘fgt o 1Qf §easéa68103a Gﬁaaneihépaﬁlkndﬁeavun 6pér5fﬁﬁtgirﬁg Ofthlel
approxi mat el y netres_is use mass o c a_grapn [ y
bet ween 3 andePReMnes? ?ﬂWSW1¥%qﬁ5?e§EEOW§r§ St Wi §~?OF§éb6 tﬁy%dﬂi
transmtted twghd heowghagpaglethionghotthéyt aw memetd 0durSack yebeede (ML be
up to 40 ton es aithough this will be dependent upon the exact 20 design

of the shank,® tuke and the material of the seabed. Figure 2 shows an
exanpl e o6 a gr apnkds $h@wnor1d1 migeret he phesannVsieriidh BBPEORRN ti

ni tal posi ti,00.5EP1400: oSN SEARRGP sAaBetobbavL B bRl 2k . Sifas a

shank 2 25 ha an e ate section 37and a se arato on
total |ength bénghb §ﬁaﬁb529¥99ﬂﬁinsh?%%t%% aEP?Pﬁ&@a ﬁi h §Q:§¥ﬁ§%ched

to the end of fhe' sgparat pruRect ind Has dfedhesisheak, 2in Adrder limel&dimt he
formof a Chagnpégetratlon depth of 3 metres, a grapnel shank having 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 gsection 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 connected 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.



attached to a renote surface vessel (not shown) which is 30 used to tow the
grapnel 1 through the seabed material 7 in a towng direction 9. The tow
line 8 i swomnnzwsted to a skid plate 8A (skid nenber) whi eeTiGBIOMeCt ed toO
the shank 3 by a solid link 8B. It has been found that the link 8B should
be of solid 35 construction to inprove performance by providing sone
torsional stiffness to the systemto help3prevent the grapnel rotating
sideways if it hits a boulder or the like. WD 03/029568 PCT/ GB02/ 04396 13
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onent an or tal fo ne
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separ at or secgy@meré, i s approximately pl anar havi ng an expanSI ve upper

surface 13 (Figur 5 T i S n C nt i i h
surface 13 (P oure,3) oudll éuar@%gé BrSeRaNd1ofyELa egate%\?mhnze Irece?{%grﬂlnatg _

The second sﬂxtatesuﬁfm&e@ érP ahgl ée(iéeﬂn vateRaRlof FREHDARPR 15
direction 9 (a3,850M0 iHk R BircRacangle t1is yetlependent wpan daie

design of the apparatus and thée relatiyve e.of the surfa
case (3 is abbe¥ce. CqTﬁEon?ﬁFe‘?‘%@t?ol?PWTWW'lﬁ %%]écbeeac?%%r%el;?e a}:ac en%r é{]es a
?F\Sﬂ\é\’ar dnbf Orﬁﬁecéwﬁgaﬂb amsdtaohopi o@ntak Hheok& Gonponent within the 25
menber . gure 2, _t I fqt f I
geacﬁgg{z rB%rﬁ’%%r I})e %,rtl,% %h% 'ES £ng él'lc@ 3 actﬂé/e to

t he seabed before 'I[' rates i s
15 geparator sectlon 4, is approximately planar having an

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 9 (as shown in Figure 2). The angle f( 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. ‘

It 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 8RB and of the

elongate section 3.



defined as the rake angle or penetration angle a. This is dependent upon
the sea bed material type and typically lies 30 between approxi mately 30
and 55. Twpiosakdsysin clays 30 to 35 is appropriate, wher®a3/GBu2oa¥ds and
sedinents 40 to 55 should be used. For general use in soft soils an angle
of about 45 gives good results. It has also been found in this case that
the depth at 35 which the grapnel 1 is B&intained during towing is mainly
dependent upon the length of the link 8B and of the elon q%e sectjon 3. WO
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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 1m-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

36 to the towing direction 9. Each of these triangular

regibns terminates in points 18 which act as knives and gid

| 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.
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As the grapne orce onent upon the shank 3
i ncr easess anobaﬁwaidvhmaﬁbm@rr@%ﬂmp%rmﬁﬂtthﬁpﬁwjﬂlu%@ dig into the

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. This 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
link 8A alsgo 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



nmenber 5 decreases. 30 As the burial depth of the grapnel 1 increases, the
link 8A al so becones buried and generates a vertical force conponent on

t he grapmeD,03@kB8) with a horizontal force conponent. The@CTyGRR0¥396
eventual |y stabilises such that the upward forces upon the Iink 8B and
first surface 10 are 35 opposed by the downward force upon the surface 13
at the angle (3 to the towing direction1%, along with the weight of the
grapnel and chain as a whole. Al though the |inks and WO 03/ 029568
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i s engaged, | yegrabopgohileed0ng! engateapeelli an a3 ef vﬂ'i&ﬂeshm&i:a{gi
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front of or digpehyylabevetrkbergrapnel as |nd| cated in Figure 5b. 25 The

appr oaches the gr abAEl SEABTERe F b TTAG SPpE CALRon o s eyt ey e !

attitudelst hecgbapnel is engaged by the elongate section 3 of the shank
2. This occurs at step 54 in Figure 4 and at this point an
increase in the tension within the towing line 8 1is
detected using a suitable monitoring device aboard the
veggsel 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 separator 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 is 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



1 with shank 2 rotates about the cable to a nore vertical attitude. The
cable 22 is retained between the fluke 30 nenber 5 and the shank 3 adj acent
the separwpos/oswsesion 4. At step 55 of Figure 4, as the POMGEY2l0iIve 8 is
wi nched aboard the vessel 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 &7 Once at the seabed surface,
further conventional routine cable mai ntenance and recovery operations
can be perforgmer foheexaiyllee isi wgdRAVsto o AMDBB/ DRE56VPCINEB0L V4896 17
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are used1seachhbei aggpevbedblby téenmsglel that the fluke member 5 makes
with the seabed 7:

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 is 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 mnot
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 single device of similar size. In particular, the
pivotable couplings between each link, the hinge point 30

and the grapnel, greatly reduce the forces required. to



to one another, to the hitch point 30 and to the shank of grapnel 2. In
this exanple, when a nunber of links are provided 30 (for exanple two or
three), twe oshzmes/-state configuration adopted by the tr@&cm/GHo2loizsks and
the grapnel 1 is not I|inear, and is rather a downward curve into the
seabed material 7. The effect of such a linked systemis that the overal
towng force required is reduced conpared8with a 35 | arge single device of
simlar size. In particular, the pivotable couplings between each |ink,
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surface. In doing so it pivots at the various points which
allows the apparatus to conform more easily with this
surface. This in turn allows for the lifting apparatus to
) be much more compact. Furthermore, once on board the
20 vessel, the respective links 8B can be decoupled or folded
over so as 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
its operational position, with the other links remaining
1iﬁearly 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
link 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



apparatus dives into the bed material and rotates towards its operational
position, with the other links remaining linearly arranged on the surface.
The firstwbionk2®bg ached to the grapnel then begins to rotarsGRROIAGI t S

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

remai ni ng |links staying upon the surface. Gadually as the burial
continues, the links bury in order with tiee last |ink pivoting about the
hi nge point 30. The skid plate 8A remains upon the surface of the bed
material 7. 351As sthdwnailsoFshowe .7, Attep apphr ktnstafobhesyrlovd ddédk wist h

further interaction r i act in the same nmanner as the surface
13 of the fl Lﬁfgt%en%zirj %‘%?s‘?‘%%sv\o 03/ 029568 PCT/ GB02/ 04396 19 link 8B
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shows a perspective view of a w ng attac 0 . -

grapnel nember 1. TRESEoWiNg® &FFelPrénc elaéflgl %%%“ﬁdi%a?@%’.&%tsos%%ulegf be
noted that samdlae.w ngs are provided on either side of the grapnel 1. In

this case, these are I a ingl & Rd oythat ~of 4 hgingi mil uke
menber S. Figure 8 l%ﬁ%&s%;a s%la%n \r}]fle S ot tlhe V\nyngs f?omaabO\l/gav\here

t he exteht ofathachedf aoeshg3sidiet REwheh SRENSEd MRHIRSS di - | it dcP% %N be

seen. Figure 38¢..ihbystrates.1bs anakiiReal. the wen@s1d1lber ridted tthabe
body of respective grapnel shank 2 ,o(% éi nk 8B. In this fCﬁﬁe thae ggglf is
denot ed as X 8ABLLAFSYHRSStFHE RV BE S5 &ridiided *SGcR™t hAT FheR 'the wi ngs

are in the-steadynsbat&se puihesk posd taryyled fey anakeidarangbéeop to that
D Lok haugd B AL 1%, H e, B gocs ecagpostud o
buri ed pasiti efi, thhewingsafremgeove frensmdie extent of the surfaces 33
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 B 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 apparatus whilst it is being rotated into the 1lifting

position.



25 of the pairs of wings may be different. The wings 31,32 operate in a
simlar manner to the fluke nenber 5. However, they provide further

advant agewpr3/024568 when t he apparatus has engaged with th@CraiBoe/oe9epi pe
and it is required to be rotated for retrieval, this 30 rotation is aided
greatly by the use of a small nunber of individual surfaces (defined by
surfaces 33. of the wings and the surfac® 13 of the fluke nmenber 5) rather
than a corresponding |larger surface 13 upon a single fluke nmenber 5. This
significantly reduries dherslt essesamidhiat tthe 3PrappdaE FOWRNIETS PCCUTiSs
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in which case® rat using a hitch pojnt 30
15 as desari b]eeldat:.ua‘izezrllr‘:uf*r o damerishina g nERe  5SYWIRGWE SEFSFITRAWS Y to

9d, an actu ﬁ@{) S Bpd Id¥GHARA thy sHeavondng finkes serdaer
34. As shovvn%ng gur %tyéfgf@ﬁe I& re

the skid plate 8A is rovi.ded wi.th a
hitch point 309 ORI SRR 19 hBHOB0 tReY (AR q‘g’pﬁwe‘? of "PRE% Yife tny
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In a further embodiment as shown in Figures 9a to 9d,
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 second grapnel is buried at

30 a greater depth than the first during operation.

As 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



25 grapnel™ 8B. Figures 9a to 9d show the progressive burial of this
conbi ned grapnel systemto the desired steady-state operational depth.

Al t hough woto3sbeses in t hese Figures, the angle R for eackRCafGRID®43960
grapnels 8B, may be arranged to be different as the second grapnel is
buried at 30 a greater depth than the first during operation. As nmentioned
above, the principles developed for use 2with the retrieval grapnels
descri bed above can also be applied to a burial plough as shown in Figure
10. The plougle sk iN dridur ecalil € @Pricsase dsteak Bsagndlcﬁédlk’ehﬁoegh
simlar to those shown ure a g t W ng
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retrieval ?T%ﬁ(%n %%%ZQ%%SE&HPCT/ GB02/ 04396 22 CLAIMS rg‘l 2 retrieval

appar at us fora reeriali ppereeE®re or pipe buried underwater in bed

material, the retrigvelo@P¥ahusedStEatPtheingeisl Plangthas dgsariiioest
surface; and above can therefore be used in association with any of the
15 above examples so as to provide apparatus with a burial and

a retrieval function.



a fluke nenber having a second surface, wherein under normal worKking

condi tions when the apparatus is towed in a towing direction the fl uke
menber WOoanw2wt8 | east part of the shank becone buried i RCTIGBR@dIFAL eri al
to a predeterm ned depth suitable for retrieving the 'cable or pipe, and
wherein the first and second surfaces are arranged with respect to one
anot her such that wunder the normal workppg conditions the interaction
between 15 the bed material and at |east the first and second surfaces
generates opposing forces in the firstcandMsecond surfaces causing the
apparatus to be maintained at substantially the predeterm ned depth. 2. An
apparatus for burying a cable or pipe underwater in 20 bed material, the
appar at us conprisi ngtraevhankppavatgsa far stesni¢utery andadlid uke peRBer

having a seCond Sy [arRrWiRhelh WaAChaRRETBh WOLK! PG: £OBGLY! PSanbens! he
apparatus is'towed in a towng direction the fl uke menber 25 and at [ east
part of the Ssamk iFeldehe buried in the bed material to a predeterni ned

depth so as to pl Qughsi Wd-eing Uit plie d@rrdeesyiagdthe cable or pipe, and
wherein the first and second surfaces are arra ggmg:ﬁﬁéth respect to one

anot her such that undetks HEMRT e Wh%ki h S ToNT ¢ ffie 30 interaction
bet ween t he bed mafiestein anchdrir | faginal hewdtk g arwhdsidcionts swhieaceshe

appar at Us o DA IR Tod HIT Sbst areT AN y ot e bt et Beme AR okt
means faro guimt ngt aleabke partpiqfe ilm oshaekf becowe B8r3dedAgpartiiesbed
fbe(s) | fi ndil e s M P e e e R R S5 ovgceae e
PCT/ GB02/ 04398ne 2Fablenppar aPLBe ac HHHi WGE& 18 abhe2 BErRY aidfi s, SRREFS n
the guide neapsrdSefdaRd e 0deR) WRYBabEspand 6 did efraathart tducH hbaked
material so as-to cqntrol the vm'gjch of %e furrot. 5. e?oa%%rizgnu% %%%%rd! ng
to any..of... tFHERE POTARLKBIEHAT) ¢° hgjeo?ﬁevi%eaﬂ‘lné: = Dipe PS-La5p1 i ed
to the figrowié¢ @A 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 underwater in
20 bed material, the apparatus comprising:
a shank having a first surface; and
a fluke member having a second surface,
wherein under normal working conditions when the
apparatus is towed in a towing direction the fluke member
25 and at least part of the shank become buried in the bed
material to a predetermined depth so as to plough a furrow
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
30 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; and means for
guiding a cable or pipe into the furrow.
35 3. Apparatus according to claim 2, wherein the guiding
means comprises one or more of a tube(s), finger(s) or

flap(s) mounted to the shank.



di spensi ng neans. 6. Apparatus according to claimb5, wherein the dispensing
means i s provided upon the apparatus. 7. Apparatus according to claimb5 or
claim 6, wbhesme29seg he 10 di spensing neans is a glue pot oPCA/GBHRI04398.

Appar atus according to any of the preceding clains, wherein under nornal
wor ki ng conditions the first surface 1is inclined downwards such that an
upward force conponent s generated in the shank as it passes through the
bed 15 material. 9. Apparatus according to claim8, wherein under normnal
wor ki ng condi &i onsppaeasesoadcsudiagetosclathi Bedr uphatdss3, sitsrdhattle

dounwar o {or coyAIPANENL b5 9BStated,l et [hukoaRber s 4. papses

t hrough the bed™ fat er aFatus accor
precedi ng cl athe, bedhwabeniehesshankte scenionghtthe Midwppak dihe fareerwi ng

to claim10, whe ﬁéﬁaf%é%f@ﬁdg%% RPGH €138G1d entdeli Ngraiy axh s

and a separator section havin istal end_spatiall y separ at ed fromthe
25 axis. 2. Rﬁﬁartéﬁsc%%rﬁ?fn@lp@ cisii FPPLifRerta nCRPefPFERY TR is
attached to tagsﬁggggngt meknadj acent the distal end of the separator

section. 13. paratus accordi ng.to _an t he pr cedin ai 30.
furt her correrS| nﬁpaa‘fﬁwiﬁgaﬁ‘éﬂgg?natF%c“ﬁiﬁl‘f‘o t h %ﬁ%ﬁlg &lﬁk@%ﬁ%mr
nor mal wor ki nge@asdiiti pasvdtdeldeagbrpatte efppadaeitsowm ng rrenber interacts

wth the bed gaterLal syeh Lhabyalhs eapasatiss’ s, i igled al e Loe

pr edet er mi ned de ara us~accor erern
shank is185 adapp@dswgb@epmotl@blay adewsp s ter teher s ng menber during

use. WO 03/029568§ RCH(RA2/ 043864144 12 Appaiat ut%hélcg%@'e@gntgo @iéirﬂs 13 or

claim 14, wherein the tow ng nenber further conprises a s nenbeé\ﬁ%eﬁl ch

is adapted i Whe¥eifo Ungedi AORFEd Mnediig KBt 1S v Hr | B4 T t he
apparatus is ag thelphedei®imwiedsdenidh thal.arf\Dpswatd St Gecor bmgohene! ai m

15, wherein tg% %ﬁﬁ%rated in the shank as it passes through the bed
i5 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.
20 10. Apparatus according to any of the preceding claims,
wherein the shank is elongate.
11. Apparatus according to claim 10, wherein the shank has
an elongate section defining an axis and a separator
section having a distal end spatially separated from the
25 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,
30 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.
14. Apparatus according to claim 13, wherein the shank is
35 adapted to be pivotably coupled to the towing member during
use.



menber conprises a renotely operated vehicle adapted in use to towthe
apparatus. 17. Apparatus according to any of clains 13 to 16, wherein part
of the towDngomsader is made up of one or nore rigid 10 IPCRGR0208396
Apparatus according to claim 17, wherein the or each’ |link and the shank
are each pivotably coupled to one another. 19. Apparatus according to
claim17 or claim18, wherein 15 the |lirdds are adapted to be coupled and
decoupl ed. 20. Apparatus according to any of clains 17 to 19, wherein one
or more of thesrighdphirakesceapordésgahoaddirtimondl orskankmadd . f WheEei@mber

t he additi ona| . 1Ep@p ggmﬁ r e i ;
respect to oﬁ%héam%@%ééyu%ﬁ% at %’?1 er Iﬂ%%%rgna%ﬁ&v%?ﬁ ng cgqr?\dﬁﬁ}ih&nss t he
i nteraction bedspeadt Ha begendi®r FaMaand YRRD s iPfactsr feenecdt st pisst ng
LOVPGS such g:?éﬁi%}ﬂéla{?h@éﬁaﬁh'é Y aﬁf&@é ai@@ft ﬁ]hé fperaaeg;@tnarr{aqwa@piegth
uring use. . par at us accor di 0 .any .the preceding c s, . .
wherei n the appar &H@qﬂﬁl’t%ePCESFagpgest%nggérm‘rmlr ' fﬂ’?‘?ﬁé’an iﬁ%%rf&‘tjidin
surfaces adaphegbén dseptDséatenaniotsdlyhobkeateddvant eltabdsptad 1w use
generate forces of aFﬁ%nilar sense to either the first and/or the second

surfaces. 22.%App3¥a gEEBFAI NG ‘to claim 21, wherein the forces 30
generated areldf aAmpaiitws sergerding Hosenyerdr al admpyld Heo 14§ ukdranrsiser .

23. Apparat us aecopd pg .t 0oghamefnheteiBdentyf Wit Bofe dibRhactldia
surfaces are grranged as W ngs. . Apparatus according to any of clainms 21
to 23, whérei hinBB.each wing is arranged such that, when the apparatus is

arranged in usg i nA? St-aitisN 6 ROHEinGN t@N 178 nf Urf,aGgedie MO thid QA9EEEH
PCT/ GB02/ 04396 . 25 ﬁ% bed terjal, the wi ng nake n ang| et ween 30
and 55 degreedni t# Y edpsct SERNFhE TFed® %e??h‘fo%%?f%c&&fge%ﬁpggr arus
according to aaptbkrthe preceding clainms, wherein the second surface of

the fluke menber on uhen, 5 deRcndsnt (upen el h 24 e spridcentlrd e

addi tional f
15 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
20 such that under 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,
25 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
30 generated are of a similar sense to those generated by the

fluke member.

23. MApparatus according to claim 22, wherein the further

interaction surfaces are arranged as wings.

24. Apparatus according to any of claims 21 to 23, wherein
35 each wing is arranged such that, when the apparatus is

arranged in use in a starting position on the surface of



nmenber, is substantially wider h cross section with respect to the tow ng
direction, than that of the respective shank. 26. Apparatus according to
any of thwopseezwses ng clains, 10 wherein, when the appar ata3/GBo2asanged in
use in a starting position on the surface of the bed material, the
apparatus is adapted according to the bed material type such that the
second surface is at an angle of between25about 30 and 50 degrees to the
surface of the bed material. 15 27. Apparatus according to claim 26,

wherei n the arig ddd mdtrentiwd r &ige w30t vaBssdegrargle 28t hajpwmadt ¢ and

ggcordlng to & éaﬂg%géesmwffﬁ'Peé Ecangbeche béH &Q@ekﬁagesﬂgfb@e55 degrees.
Appar atus  according to clalm28, wherein le is _20 suﬁét antl ally

45 degrees. 305 . ApPRPAEEE UsC BGCOTRG o tehPIBf ‘?@1 lb‘?eEEﬁFﬁSlEFaF

‘é"lhre;g't inoﬁ“?g;ml@&fgﬁﬁ Pﬁéﬂ\é&&@@&dfﬁ@e @fC?mﬁlﬂﬁ%ke)fméth]eertcw ngvhen
ol ved_onto e secon ace t he | uke nber {
angl e of 30 degPeRIChl YRR %?5% Ssﬁ‘éﬁ 268 Phe oy d{n% O% ]t%l%k

diTect i on
Appar at us acceegbag,t o€l aduhsﬂntwhﬂﬂqn nwtiderconponantssr mﬂ'tﬁe@’l ontich he

second surface is at ap _angle o st ae 2d es h speet to
the towing dfPEREF n.g‘é’o gb.e A%r‘é’?ﬂ%d g?Hregltt%L%égm nggl%%cagwattor ;;:lepe buri ed
underwat er i nraspedttirHEeshahkat a certain depth, the nethod conprising:

towing retrieyal B! %Pﬁ i ithd 08! AP &£ OENEO prapkdhaClcdidmns, t o
31 when depen ent o aIal m 1 erel né 35 th %]apparat Es is ar ?gn ed for use

at the cePtai Wwhaepil, UMBED tHRe cABPETSLYS paSi < BrRARR:; “aYhduSFet eV ng
the cable or piperi¥Hg B%IS%%QSOBC%@B@;M@%% 0126183 ookl matteact o s g

ot ecti g conPRERRabEAwadh FHES kbl S0P BT BE A THe PBfr BV aapa R,
34. A nethod agedr dilyr t ohel aienodd crurfaaiem 88, afcuretrheangle of between
about 30 and 50 degrees to the surface of the bed material.

15 27. BApparatus 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

20 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

25 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.

30 32. A method of retrieving a cable or pipe buried
underwater in a bed material at a certain depth, the method
comprising: -

towing retrieval apparatus according to claim 1 or to
any of claims 8 to 31 when dependent on claim 1, wherein

35 the apparatus is arranged for use at the certain depth
until the cable or pipe is engaged; and,

retrieving the cable or pipe.



5 conprising termnating the towi ng operation followi ng engaging the cable
or pipe, and raising the cable or pipe to the surface of the bed material
usi ng t hewpetoeesesl apparatus. 35. A nethod of buryi ng aPcaliB®20439pi pe in
a bed material 10 at a certain depth, the nethod conprising: tow ng
apparatus according to at least claim2 wherein the apparatus is arranged
to plough a furrow at the certain depthzeand, supplying the cable or pipe
to the furrow 15 36. A nethod according to claim35, wherein the cable or
pi pe i s supplizrd fxomethsfensicogydizansabokainth2, apphherusor®risAnget hod

according to _any o | a 2 futthe rsq e, St f
posi tioning tv%leéhaptﬁg%at ggﬁ%% té}lg %2‘6) esu'rrL acéen%%é)ét%é Eileé}% n%tj‘tlg’ﬁaiégg?iagrt to
t owi ng, such hetateamherhe eakbai @ Bikp pBApEREoFREYHICVRE apparatus-

interacts witdy the hednhABt aticahcand mMves din tie sredehenmsned frdepter 38.
A nmet hod according to any of claipms 32 .to 37, .further Q ri%i 9 t Qwi ng
the appar®t usCUSRHS G oVl HYHRANLRS 25hey RW%O&Q?E@W%Q togl S4i"A 38,

vvlhe_rei gBt hah té}\@a{@irﬁ@E@lﬂé t&be strfatpeyeandl rad8ing wikheaktdecondipigd o
cl ai m 38, erein. the town ns i.s [ I rat e ehi_cl a. . A
nmet hod accor d‘?‘hgtPS Cﬁ%#%’%,ogﬁ%rl\lede%ee%dgﬁt%%g% g’Fselr% }elés?eglxgerx ,
wherein the cabberatupipe is supplied from dispensing neans aboard the

remtely Oper?%?dzngégﬁéﬁ of burying a cable or pipe in a bed material
10 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.

15 36. A method according to claim 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

20 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.

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

40. A method according to claim 38, wherein the towing
means is a remotely operated vehicle.
41. A method according to claim 40, when dependent upon at

30 least claim 35, wherein the cable or pipe is supplied from

dispensing means aboard the remotely operated vehicle.



