
WO 03/029568 1 PCT/GBA 43V12006 CABLE OR PIPE RETRIEVAL AND BURIAL
APPARATUS AND METHODS The present invention relates to a retrieval
apparatus  and method for retrieving a cable or pipe buried underwater 5 in
bed material and to an apparatus and method 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 communication links
between regions or 10 nations. Rather than simply laying such cables or
pipes on  the surface of the bed material, such as the seabed, it is
beneficial to physically bury these within the material  itself. This
provides a more stable and protective  environment for the cable or pipe
and in particular 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 activities, 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 2 PCT/GBA/t1439b 12 0 0 6 seabed and a fluke attached to the
shank., The fluke  penetrates the seabed to a depth sufficient to engage
the  cable or pipe. The shank and fluke therefore effectively  operate 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  made with the cable or pipe. The operational retrieval  depth
of the grapnel is determined by the length of the  fluke and it is well
established with conventional grapnel 10 designs that. the shank length
should be about three times  that of the fluke. For this reason, grapnels
for the  retrieval of deep cables are large and heavy. A towing line, for
example in the form of a long  chain, connects the surface vessel to the
shank and the  15 tension within this chain is monitored during the towing
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. WO 03/029568 3 PCT/GBO'1A X3963 / 2 0 0 6 For
example, a typical towing force for a grapnel  designed to recover a cable
buried at 2.5 metres, may be up  to 40 tonnes, whereas a typical fibre
optic cable can only  withstand 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 comprising: a shank having a first surface;
and a fluke member having a second surface, wherein under normal working
conditions, when the  10 apparatus is towed in a towing direction the fluke
member  and at least part of the shank become buried in the bed  material
to a predetermined depth suitable for retrieving  the cable or pipe, and
wherein the first and second  surfaces are arranged with respect to one
another such that 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 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 WO 03/029568 4 PCT/GB42k
363/2006 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 5 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. 10 The guiding means may comprise a tube, hoops,
flaps or  fingers and therefore need not fully enclose the cable or  pipe.
It has been found that the bed material tends to  flow around the shank
during towing and this material  maintains its position for a short time
after the shank has 15 passed creating a kind of bow wave effect. This
allows the  cable or pipe, along with any associated 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 WO 03/029568 5
pCT/GBA~13Q 12 0 0 6 lower with respect to conventional grapnels and
ploughs.  In the case of retrieval, this allows cables or pipes of  small
diameter to be detected with less likelihood of  damage. 5 A potential
reduction in the size of the apparatus and  the corresponding towing. force
is also favourable  economically as the overall cost of a retrieval or
ploughing operation can be reduced. The invention also  provides potential
for future retrieval or burial of cables 10 or pipes at even greater depths
than those presently used,  whereas the scaling up of conventional
apparatus would  become increasingly prohibitive in terms of cost and ease
of detection during towing. The apparatus is designed to operate at a
particular  15 predetermined 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 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 0.5-1km/hr. Typically, under normal working
conditions, the first  surface 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. WO 03/029568 7 PCT/GBO4k43963/ 2006 produces additional forces which
allow for a smaller fluke  member surface to be used for a given
predetermined  operational depth. When used in association with links,
these give extra rotation of the link or shank and  5 therefore an
increased penetration depth. An angle can be defined between an interaction
surface  with respect to the surface of the bed material when the
apparatus is at the starting position. Typically this  angle is between 30
and 55 to aid with the initial burial  10 process. It is desirable to
minimise the towing force required  to tow the retrieval or burial
apparatus and it is also  desirable that, when at the predetermined depth,
even  though the apparatus may be towed from above the seabed, 15 there
will be no net rotation of the apparatus such that  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 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 link) 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 WO
03/029568 PCT/GB4i 39 / 2 O O 6 8 planar and arranged such that an upper
planar surface,  operating as the second surface, has a plane normal which
is almost orthogonal to the towing direction, although  angled slightly (by
a few degrees of angle) towards this 5 direction such that a force is
generated upon the second  surface. A component of the towing direction
resolved onto the  second surface of the fluke member is therefore
preferably  at an angle of 10 degrees or less with respect to the 10 towing
direction, and more preferably at substantially 2  degrees with respect to
the towing direction. The angle  that the fluke member eventually reaches
and maintains  during a towing run is dependent upon a number of factors
such as the bed material type and the dimensions of the 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 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 "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. WO 03/029568 9
PCT/GB&11OI3963/2006 Although the shank is typically elongate, it is riot
necessary for this to be of a linear form and indeed curved  shapes can be
used, one example being that of a horseshoe.  Although any shape of shank
can be used as long as a 5 suitable first surface is provided, it is
beneficial to  curve the shank away from the bed material as this allows
more of the fluke member to enter the bed material before  the shank
contacts with it, such contact generating an  upward force working against
bed penetration. However, the 10 apparatus is preferably arranged such that
when in use in  a starting position on the surface of the bed material
before burial, the apparatus is adapted such that the  second surface is at
an angle of between 300 and 550 to the  surface of the bed material. This
angle is preferably the 15 same angle as that made by any additional
interaction  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. 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. WO 03/029568
PCT/GB2J0I3963 / 2 0 0 6 10 Typically a surface vessel such as a ship is
provided  as a towing means and is used to perform the towing  operation.
Preferably the method further comprises the  step of positioning the
apparatus on the surface of the bed 5 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. In some cases the towing
operation may be performed by  a towing means in the form of a submersible.
remotely  10 operated vehicle (ROV) on the surface of the bed material.
This is particularly beneficial where more lightweight  cables or pipes are
used,- for example in environments such  as lakes and rivers. The ROV may
tow the apparatus  remotely and therefore be separated. from the apparatus
15 during the operation. Alternatively 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
WO 03/029568 11 pCT/GBOjkj3q63 / 2 0 0 6 than in known apparatus. This is
because typically such  conventional apparatus uses wheels or skids to
reduce the  towing force and the shank may be deflected vertically  during
towing along the surface of the bed material due to 5 surf ace contours.
This produces a corresponding motion  within the fluke beneath. This does
not-generally occur  with the present invention as the shank is at least
partially buried and in many cases will be completely  buried beneath the
bed material. 10 Examples of retrieval and burial apparatus and methods  in
accordance with the present invention will now be  described and contrasted
with known apparatus with  reference to the accompanying drawings, in
which: Figure I 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, WO
03/029568 12 PCT/GBO1k/39d / 2 0 0 6 Figure 11 shows an alternative example
of burial  apparatus using hoops as guiding means. Figure 1 shows a
conventional cable recovery grapnel  100. This has a shank 101 and a fluke
102 attached to one  -5 end of the shank. The shank is positioned on the
surface of the seabed 103 with the fluke 102 penetrating the  seabed. A tow
wire 104 allows the grapnel to be towed in  the towing direction 105 by a
remote surface vessel (not  shown). 10 As shown in Figure 1, the
conventional approach to  grapnel design for achieving seabed penetration
is that the  length of the grapnel shank is approximately three times  that
of the fluke. ..As has been stated, in order to obtain  a penetration 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 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
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. WO 03/029568 13
PCT/GBt1 k43N63 / 2006 Optimum lengths for this link 8B are given in Table
1  below. For the longer lengths of link, it may be useful to  include a
method of articulating the link in order to make  it easier to handle (as
described later). A typical size 5 for each link section will be a length
of 2.5m, a width of  about 20mm and a breadth of about 150mm.  The skid
plate 8A helps provide extra stability to the  system. A lower surface of
the elongate section 3 presents a  10 first surface 10 to the seabed
material 7 as the grapnel is  towed in the towing direction 9. This
generates a vertical  force component and a horizontal force component
acting on  the elongate section 3 of the shank 2. The fluke member 5
attached to the end of the  15 separator section 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 (3 with
that of the towing 20 direction 9 (as shown in Figure 2). The angle G3 is
dependent upon the design of the apparatus and the relative  size of the
surface 13. In this case E3 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 ct. 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 8B and of the  elongate section 3. WO 03/029568 14
PCT/G1&2k43763 / 2 0 0 6 Figure 3 shows the fluke member 5 as viewed normal
to  the second surface 13. The towing direction. 9 is also  indicated (as
mentioned above). It can be seen that the  shank 2 is rectangular in
cross-section with a narrow 5 dimension 16 in the transverse direction with
respect to  the towing direction 9. This serves to reduce the drag  caused
by the shank 2 during towing. The second surface 13  is generally
rectangular and example dimensions are given  in Table 1 below. Although
the second surface 13 of the 10 fluke member 5 therefore has a considerable
surface area,  it should be remembered that this surface 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 lm-3m. Table 1 20 25 Max depth Link Length Plate size (nun)Shank
length Shank width (m)(m)(mm)(mm) 19250 x 13030020mm 210700 x35084025mm
3121140 x 570137025mm 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. Each of these triangular  regions terminates in points
18 which act as knives and aid  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. WO 03/029568 15 PCT/GSO kI39 /2006 The
retrieval operation begins at step 50 in Figure 4.  As shown in Figure 5a,
the grapnel 1 is initially rested  upon the seabed 6 in a start position
with the fluke member  angled downwards into the seabed 7"at angle a. The
tow 5 line 8 is connected to a surface vessel 20 which is  spatially
separated from the grapnel 1 in the towing  direction 9 as indicated by the
dashed section 21 of the  tow line 8. As indicated in Figure 5a, an
undersea cable  22 is buried at a certain depth ahead of the grapnel in the
10 towing direction. As the depth of burial of this cable 22  is known, a
grapnel having an operational depth suitable  for the recovery of the cable
22 is selected beforehand. The surface vessel then begins to move in the
towing  direction at a suitable speed (step 51 of Figure 4). This  15
causes the fluke member 5 of the grapnel 1 to 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
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
f3 to the towing direction 9, along with the weight of  the grapnel and
chain as a whole. Although the links and WO 03/029568 16 PCT/GBOJk43963 / 2
0 0 6 the towing line are connected, the towing line is used  purely to
drag the grapnel forward, the links are used for  the various depth
penetrations (i.e. the longer the link,  the deeper the burial). At this
point there is also no 5 longer any net rotational or vertical force upon
the  grapnel. Therefore at step 53 of Figure 4, the grapnel  maintains its
desired depth. As the towing continues, the  grapnel 1 moves through the
material 7 at an approximately  constant depth as indicated at 25 in Figure
5a. 10 The tension in the towing line 8 is a function of the  total drag
produced by the grapnel 1 as a whole including  the horizontal force
components, along with that of the  towing line itself. The grapnel later
reaches a'position 26 such that the  15 cable 22 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 is  detected
using a suitable monitoring device aboard the  vessel 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 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 G. Once at the seabed surface,
further  conventional routine cable maintenance and recovery  operations
can be performed, for example using ROVs to WO 03/029568 17 PCT/GBOi/b43963
/ 2 0 0 6 sever the cable in order to allow the two ends to be  brought
onboard the deck of the surface vessel 20. Figure 6 shows another example
of the present  invention in which similar apparatus to that described  5
earlier is indicated with similar reference numerals. .In. this embodiment
a grapnel is provided which is adapted to  be fitted in use with modular
articulated links so as to  provide the ability to use the grapnel for
cable or pipe  recovery or burial at various depths. In Figure 6, such a 10
grapnel 1 is shown without any links at all and is  therefore pivotably
attached directly to the skid plate 8A  at a "hitch-point" 30. Figure 6
also shows the starting  position of the grapnel for entry into the bed
material 7,  in this the "rake" or "penetration" angle a is about 40, 15
this angle being the angle 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 (3, which is  the angle made between the
surface 13 of the fluke member 20 5 and the horizontal. In this case the
angle (3 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 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 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 WO 03/029568 18
PCT/GBOIN4fiGv/2006 rotate the grapnel to the position shown in Figure 5b
when  the cable or pipe has been engaged. This is because parts  of the
apparatus can individually pivot one at a time  rather than the entire
combined apparatus being forced into 5 a new configuration at once. This
reduces the overall  structural strength requirements of the apparatus. The
articulated links system described is also  advantageous in that, for the
retrieval of very deep cables  or pipes, an increased number of links can
be used with the 10 same grapnel. Were these not pivoted at various points
along the apparatus, the apparatus as a whole would be  extremely difficult
to manoeuvre on board the surface  vessel both before and after recovery.
Specifically, when  the apparatus is drawn from the water and onto the
surface 15 of the vessel, it is generally hauled over a curved  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 mVch 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  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  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 WO 03/029568 19 PCT/GBa;139d/ 2006 link 8B is also
shown. A typical length for such a link is  between 1 and 2 metres. In the
present example, two further interaction  surfaces are applied'to the
grapnel 1 as additional pairs  5 of wings 31 (on either side of the
apparatus) whereas a further pair of wings 32 is also added to the link 8B.
These wings are more clearly shown in Figures 8a, 8b  and 8c. Figure 8a
shows a perspective view of a wing 31  10 attached to the side of the
grapnel member 1. The towing  direction 9 is also indicated. It should be
noted that  similar wings are provided on either side of the grapnel 1.  In
this case, these are angled at a similar angle p to that  of the main fluke
member 5. Figure 8b shows a second view 15 of the wings from above where
the extent of the surfaces 33  with which the bed material interacts can be
seen. Figure  Sc, 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 (3 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
lifting position. WO 03/029568 20 PCT/GB02/3963/2006 The overall operation
of the apparatus however occurs  in a similar manner since the surfaces of
the link(s) and  the grapnel shank 2 provide an upward force whereas those
of the wings and the fluke member provide a downward force 5 and it is
these forces which are balanced so as to maintain  the steady-state depth
of the apparatus. it will be appreciated that the apparatus described in
any of the examples herein, may be towed from either a  surface vessel or
an ROV driven along the surface of the 10 bed material (depending upon the
towing force required).  The ROV may therefore be coupled to the towing
line 8 so as  to remain separated from the apparatus or indeed it may
replace the skid plate 8A as a skid member, in which case  the apparatus is
attached to the ROV using a hitch point 30  15 as described above. 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 (3 for each of the two grapnels 813, 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 WO
03/029568 PCT/G11o1/0 13963 / 2 0 0 6 21 the shank 3 and a cable 62 to be
buried is guided through  the tube 60 into a furrow 64 created by movement
of the  plough in the towing direction 9. Figure 11 shows an alternative
example in which hoops  5 65 are positioned adjacent the top and bottom of
the shank  3 on its upper surface to act as guiding means. Although
friction with the bed material may attempt to pull the  cable or pipe away
from the shank 3, the tension within the  cable or pipe during the laying
operation ensures that it 10 remains adjacent the shank 3 as required. As
for cable or  pipe retrieval, an ROV can be used as the towing means for  a
burial operation. It should be noted that the burial plough as described
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. 3 1 MAR 2006 22 CLAIMS 1. A retrieval apparatus (1) for
retrieving a cable or pipe  buried underwater in bed material, the
retrieval 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 become buried in the  bed
material to a predetermined depth suitable for  retrieving the cable or
pipe (22), 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 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 3 1 MAR 2006 23 predetermined depth; and means (60) for guiding a cable
or  pipe into the furrow. 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. 



4. Apparatus according to claim 2 or claim 3, wherein the  guide means is
adapted to be moveable and to interact with  the bed material so as to
control the width of the furrow.  5. Apparatus according to any of claims 2
to 4, wherein in  use the cable or pipe is supplied to the furrow from a
dispensing means. 6. Apparatus according to claim 5, wherein the dispensing
means is provided upon the apparatus. 7. Apparatus according to claim 5 or
claim 6, wherein 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 as 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. 3 1 MAR 2006 24 14. Apparatus according to claim 13, wherein the
shank is  adapted to be pivotably coupled to the towing member during  use.
15. Apparatus according to claim 13 or claim 14, wherein  



the towing member further comprises a skid member (8A)  which is adapted in
use to remain upon the surface of the  bed material when the apparatus is
at the predetermined  depth. 16. Apparatus according to claim 15, wherein
the skid  member comprises a remotely operated vehicle adapted in use  to
tow the apparatus. 17. Apparatus according to any of claims 13 to 16,
wherein  part of the towing member is made up of one or more rigid  links
(8B). 18. 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 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,  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). 3 1 MAR 2006 25 24.
Apparatus according to any of claims 21 to 23, wherein  each wing is
arranged such that, when the apparatus is  arranged in use in a starting
position on the surface of  the bed material, the wing makes an angle of
between 30 and  



55 degrees with respect to the bed material surface. 25. Apparatus
according to claim 20, wherein the surface of  the additional fluke member
is substantially wider in cross  section with respect to the towing
direction, than that of  the respective shank. 26. Apparatus according to
any of the preceding claims,  wherein, when the apparatus is arranged 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 between  about 30 and 50 degrees to the
surface of the 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. 3 1 MAR 2006 26 33. A method according
to claim 32, further comprising,  when the cable or pipe is engaged,
detecting contact  between the cable or pipe and the retrieval apparatus.
34. A method according to claim 32 or claim 33, further  



comprising terminating the towing operation following  engaging the cable
or pipe, and raising the cable or pipe  to the surface of the bed material
using the retrieval  apparatus. 35. A method of burying a cable or pipe in
a bed material  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 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  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
claim 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. 


