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Description

The present invention relates to an underwater
plough and methods of ploughing an underwater bed,
for instance in order to bury an elongate member (such
as a cable or pipe) in the underwater bed.

About 60% of submarine telecom cable failures are
due to 'external aggression' from fishing gear and an-
chors. Cable owners are interested in reducing this fail-
ure rate in a cost effective manner, principally through
cable burial by submarine plough. Typically, burial spec-
ifications are on a depth of burial basis: Since survey
data tends to be poor, it is hard for the installer to be
certain he can achieve the required depth of burial.

In addition, a simple burial depth is not a very so-
phisticated way of specifying the requirement. A cable
buried 2m deep in very soft soil is not protected as well
as a cable buried only 0.5m deep in hard ground. Ulti-
mately it is protection that the cable owner seeks.

In recognition of this, some cable burial specifica-
tions do now ask for different depths of burial for different
parts of the route, based on survey data (or if available,
historical failure data for other cables in the region). This
puts increased emphasis on accurate survey data giving
soil properties which can be related to buryability. It has
also led to a much greater range of depths being spec-
ified, so that in soft soils 3m may be specified as op-
posed to only 1m.

One approach is to use different size ploughs for
different parts of a route, so that a 1m plough may be
used for the hard ground and a 3m soft ground plough
for those areas expected to have weak soils. However,
this approach has a number of problems. Firstly, recov-
ering the plough to the ship and replacing it with a larger
plough inevitably results in higher costs. Secondly, the
recovery process inevitably leaves unburied sections of
cable which require post lay burial. Thirdly, conventional
3m ploughs have poor hard ground capability, may not
handle repeaters and cannot be adjusted to zero burial
depth. Fourthly, a conventional 3m plough is much big-
ger than a 1m plough, which results in handling prob-
lems from existing A frames and deck spreads.

In accordance with a first aspect of a present inven-
tion there is provided an underwater plough for plough-
ing an underwater bed, the plough comprising a first
share and a second share which is movable with respect
tothe first share whereby the depth of the ploughing pro-
file presented by the plough can be varied.

The second share may present a ploughing profile
or surface in all positions, or may have a retracted non-
ploughing position in which only the first share ploughs
the underwater bed.

The first aspect of the present invention provides a
particularly elegant solution to the problems presented
above. The adjustable second share can be raised and
lowered as required in order to vary the depth of the
ploughing profile presented by the plough, and hence
vary the depth of trench which is cut.
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The plough has the additional advantage that the
second share can be fitted to an existing conventional
plough chassis.

Typically, when the second share does present part
of the ploughing profile it will plough a lower portion of
the underwater bed, and the first share will plough an
upper portion of the underwater bed. It should be under-
stood that the terms "depth", "upper" and "lower" refer
to relative positions when the plough is ploughing a gen-
erally horizontal underwater bed (as will normally be the
case). In one example, the first share provides a plough-
ing profile (and hence minimum ploughing depth) of ap-
proximately 1m with the second share retracted, and the
second share can be extended to a maximum extension
in which the ploughing profile is increased up to a max-
imum of approximately 3m. In this case, when the sec-
ond share is retracted the plough is no larger than a con-
ventional 1m burial plough, whilst providing a variable
ploughing depth up to approximately 3m.

The plough may be used for a number of purposes,
but is particularly suited to the burial of an elongate
member (such as a cable or pipe). In this case the
plough typically comprises means (such as a conduit)
for receiving the elongate member which is buried in use
by the plough, and/or a depressor for guiding the elon-
gate member by applying a downward force to the elon-
gate member. In this case the depressor is preferably
movable with respect to the first share, typically syn-
chronously with the second share.

It is desirable to ensure that the action of the plough
will not add forces to the elongate member as it is laid.
A particular problem in all plough design is that upward
soil reaction forces on the plough may be taken by the
elongate member, and passed through the depressor to
the plough structure, (rather than as preferred directly
into the plough structure) if the plough sinks in soft con-
ditions or if the depressor is lowered too far relative to
the underside of the plough. The second share can be
designed to minimise these forces. The second share
may provide a backwardly raked cutting surface in at
least one position. The backwardly raked surface will
generate a soil reaction with an upward component to
minimise the required heel force.

Typically the second share has a cutting portion
which provides a cutting action (eg a cutting edge or
face) and a heel portion behind the cutting portion (typ-
ically comprising a lower surface of the second share)
which provides a bearing area for plough heel forces. In
this case preferably the second share has an extended
position in which a plane extending along the heel por-
tion does not intersect with the depressor. This ensures
that the heel portion bears the majority of the heel forc-
es, and thus reduces heel forces on the elongate mem-
ber. Alternatively, or in addition, the cutting portion and
the heel portion may subtend an angle greater than 90
degrees. This enables the cutting portion to provide a
backwardly raked blade whilst the heel portion runs hor-
izontally.
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The second share may be slidably mounted but
preferably is pivotally mounted with respect to the first
share.

The second share may be mounted separately from
the first share, for instance the second share may be
mounted behind the first share on a longitudinal plough
beam. However preferably the second share is mounted
to the first share. In this case the first share preferably
comprises a pair of side plates, wherein the second
share is mounted between the side plates. Typically the
depressor and the elongate member are also at least
partially located between the side plates.

Typically the second share has a retracted position
in which it forms at least part of a plough heel behind
the first share with respect to the ploughing direction. In
this case the second share does not provide a cutting
surface or ploughing profile when in its retracted position
but offers a bearing area for plough heel forces.

The second share may be moved with respect to
the first share by actuating means such as a hydraulic
cylinder. Alternatively or in addition the plough may com-
prise resilient means which biases the second share to-
wards an extended position with respect to the first
share. In this case the second share may not be driven,
but may simply adopt a particular position in response
to the forces presented to it (i.e. the resilient force and
the force presented by the ploughed material). In a pref-
erable embodiment the actuating means and resilient
means are provided by the same means, such as a hy-
draulic cylinder which is sprung with a hydraulic accu-
mulator.

The plough may be towed from a ship or may be
part of a self-motivating sub-sea vehicle. The actuating
means is typically controlled from the ship via a data line
but alternatively (particularly in shallow water) it may be
controlled by divers.

Typically the plough is also constructed such that
the rear of the plough can pitch back up to greater than
10-15°. This amount of pitch is normally prevented on
conventional ploughs by stabilising arms and other rear-
ward structure. By allowing the rear of the plough to pitch
back (particularly in soft soil) the depth of the plough
profile can be maximised.

In accordance with a second aspect of the present
invention there is provided a method of ploughing an un-
derwater bed, the method comprising ploughing the bed
with a plough comprising a first share and a second
share which is movable with respect to the first share,
and varying the depth of the ploughing profile presented
by the plough by moving the second share with respect
to the first share.

The second share may be moved during ploughing.
Alternatively the ploughing may be temporarily stopped
when the second share is adjusted.

Typically the method further comprises laying an
elongate member in the ploughed underwater bed. In
this case the burial depth can be controlled in accord-
ance with burial requirements. For instance the elongate
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member may be buried more deeply in soft soils or sand
where the risk of damage from external influences such
as fishing gear is greatest. The elongate member may
be laid during ploughing or may be laid in a trench which
has been previously ploughed.

Preferably the method further comprises monitoring
a parameter related to the amount by which the buried
elongate member is protected from external influences,
and varying the depth of the ploughing profile in accord-
ance with the monitored parameter.

Typically the method comprises moving the second
share when required in order to maintain the parameter
substantially constant. This may be achieved by an op-
erator on a surface ship, or by an automated feedback
mechanism. By adjusting the second share (and hence
the ploughing depth) a constant "burial protection index"
can be achieved.

Preferably the parameter comprises the resistive
force presented by the underwater bed to the plough. In
the case of a towed plough, the parameter typically com-
prises one of the towing force and towing energy (i.e.
force x speed). That is, the second share is adjusted
such that a substantially constant towing force (or tow-
ing energy) is applied to the plough. With a constant tow-
ing force (ortowing energy) the burial depth will increase
and decrease in accordance with the strength of the
ploughed undersea bed, but the burial protection index
will remain substantially constant.

Alternatively the monitored parameter may com-
prise the strength of the material being ploughed. In this
case the strength of the material being ploughed may
have been previously monitored by carrying out a de-
tailed survey of the stretch of underwater bed in which
the cable is to be buried.

Typically the method further comprises adjusting a
depressor with respect to the first share in accordance
with the monitored parameter and/or the position of the
second share.

Some examples of a plough and a method of
ploughing according to the present invention will now be
described with reference to the accompanying drawings
in which:

Fig. 1 is a side view of a plough with the lower share
(not shown) retracted and the depressor omitted for
clarity;

Fig. 2 is a plan view of the plough omitting the skids
and skid arms;

Fig. 3 is a cross-section along line B-B in Fig. 1;
Fig. 4 is a cross-section along line C-C in Fig. 1;
Fig. 5 is a cross-section along line D-D in Fig. 1,
with the second share omitted;

Fig. 6 is a cross-section along line E-E in Fig. 1, in-
cluding the second share;

Fig. 7 is an underside view in direction Y of the point;
Fig. 8 is a cross-section along line X-X in Fig. 1;
Fig. 9 is an enlarged side view of the share assem-
bly, with hidden parts shown in phantom and with
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the depressor omitted,;

Fig. 10 is an underside view in direction Z of the
second share;

Fig. 11 is a cross-section along line F-F in Fig. 9;
Fig. 12 is a cross-section through the cutting edge
of an alternative second share;

Fig. 13 is a cross-section through the cutting edge
of a further alternative second share;

Fig. 14 is an enlarged side view of the share assem-
bly during a cable laying operation with hidden parts
shown, and with the depressor included;

Fig. 15 is a schematic side view of a cable being
buried with the second share raised;

Fig. 16 is a schematic side view of a cable being
buried in soft soil with the second share lowered;
Fig. 17 is a graph illustrating the possible variation
of burial protection index with burial depth for a
number of varying soils; and

Fig. 18 is a flow diagram illustrating two alternative
burial methods according to the present invention.

As shown in Figure 1 a plough 1 has a beam 2 on
the front end of which are a pair of skids comprising a
left-hand skid 3 and a right-hand skid (hidden). A share
assembly 10 is mounted at the rear of the beam 2.

The lower surface 4 of the skids provides stability
tothe plough by engaging with the seabed as the plough
advances in a direction shown by an arrow 1A. Skid 3
is pivotally mounted to a skid arm 6 via a skid pivot 7.
Skid arm 6 is pivotally mounted to beam 2 via a skid arm
upper pivot 5. The left-hand skid 3 is shown in its raised
position 8 and lowered position 9. In the lowered position
illustrated at 9 the skid arm 6 is omitted for clarity. To
adjust the depth of trench, the skids are driven between
their lowered position 9 (no trench cut) and their raised
position 8 (maximum depth of trench cut). The plough 1
also has a pair of burial depth limiting skids (shown in
Figures 15 and 16 only).

The share assembly 10 comprises a first or upper
share comprising a knife 13 and point 14. As shown in
Figure 4, the knife 13 comprises the cutting edge of a
pair of tapering plates 100,101 which taper from a max-
imum width of 180mm at 102,103 to a minimum width
at the knife 13. A cable trough 24 with tapered sides
130,131 runs along the top of beam 2, as shown in Fig-
ures 2, 3 and 4. Figure 7 shows that the base of point
14 is flat. As can be seen in Figure 8 the point 14 tapers
to a horizontal cutting edge 19.

The share assembly 10 comprises a pair of side
plates 134,135 (Figure 5) which define a cable slot 20
(Figure 2) which houses an adjustable second or lower
share 21 (shown in Figures 6 and 9 and omitted in Figure
5), a depressor 22 (shown in Figure 14) and a second
share adjustment cylinder 23 (shown in Figures 9 and
14). A curved plate between the sideplates 134,135 de-
fines an upper plough bend 25 (Figures 2 and 9).

As shown in Figures 9 to 11 the second or lower
share 21 comprises a pair of sideplates 50,51 which are
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joined along opposite sides of a plate defining a cutting
face 32 and along a curved lower plough bend 28. The
second share 21 is pivotally mounted to the share as-
sembly 10 at 29. The hydraulic cylinder 23 drives an ac-
tuating piston 52 which is pivotally mounted to the sec-
ond share 21 at 30. The hydraulic cylinder 23 is pivotally
mounted tothe share assembly 10 at 31. Figure 9 shows
the second share in its raised position at 53 with the ac-
tuating piston 52 retracted at 55, and in its lowered po-
sition at 54 with the actuating piston 52 extended at 56.
In its raised position 53 the lower share 21 does not
present a ploughing profile, and the cutting face 32 of
the second share 21 is flush with the ends 132,133 of
sideplates 134,135. When the second share 21 is to be
lowered, drive means (not shown) controlled from the
surface of the water pressurises the cylinder 23, driving
the second share 21 into its lowered position 54. The
cutting face 32 of the second share forms a backward
raked cutting surface when in the lowered position 54.
The second share may also be deployed in any inter-
mediate position between raised position 53 and low-
ered position 54.

As illustrated in Figures 10 and 11, the cutting face
32 is a non-tapered flat face. Since the second share is
only generally deployed in soft soil which can be easily
cut by a blunt edge, it is not necessary for the cutting
face 32 to taper to a point in the same manner as knife
13 and point 14 (which are for general use and therefore
need to be able to cut through strong soils). However,
the face 32 may be replaced by a pair of tapering plates
60,61 (Figure 12) which meet at a point 62 in the same
way as knife 13. Alternatively the face 32 may be re-
placed by a pair of tapering plates 63,64 (Figure 13)
which are joined by a horizontal plate 65. This provides
a compromise between the flat face 32 of Figures 10
and 11 which provides a wide surface for the plough bot-
tom when the second share is raised, and the cutting
edge 62 which provides a narrower plough heel area but
cuts more efficiently.

As shown in Figure 14, during cable burial a cable
70 is paid off from the stern of a ship which also tows
the plough 1. The cable 70 passes along cable trough
24 and is guided into cable slot 20 and around upper
plough bend 25 by depressor upper arm 71.

The depressor upper arm 71 is pivotally mounted
to a support frame (not shown) at 73. The upper arm 71
is driven from a raised position (not shown) to the low-
ered position shown in Figure 14 by a hydraulic actuator
comprising hydraulic cylinder 74 pivotally mounted to
the support frame at 75, and an actuating piston 76 piv-
otally mounted tothe upperarm 71 at 77. The upper arm
71 comprises a cylinder 78 which houses a sliding arm
shown in its raised position at 79 and its lowered position
at 80. The sliding arm is driven between its raised and
lowered positions by a hydraulic actuator comprising a
hydraulic cylinder 81 which is mounted to the upper arm
71 at 90 and an actuating piston 82 which is mounted
to the sliding arm at 83. Depressor lower arm 84 is
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mounted on the end of the sliding arm, and defines a
cable exit point 85,86 at the bottom of the ploughed
trench.

With the second share 21 fully extended, the heel
surface 113 of the second share 21 behind the cutting
surface 32 runs approximately horizontally and bears
plough heel forces. In this position a plane 140 along
the heel surface 113 passes below and behind the share
assembly 10 and the cable exit point 86 and therefore
does not intersect with the cable 70 or the depressor
lower arm 84. In addition the angle 143 between the cut-
ting surface 32 and the heel surface 113 is greater than
90 degrees (in this example the angle 143 is approxi-
mately 135 degrees).

Figures 15 and 16 are schematic side views of the
plough 1 burying a cable 70. In Figure 15 the cable 70
is being buried in hard soil 91 and therefore the second
share 21 is in its raised position. In this position the
plough operates in a similar fashion to a conventional
long beam plough. The plough 1 is towed by a tow wire
92 and the second share 21, depressor 72 and skids 3
are controlled by control signals which are transmitted
to the plough from the ship via data line 93. The main
forces operating on the plough are a towing force 94,
soil force 95, plough weight force 96, skid force 110 and
heel force 97. In a conventional plough, additional up-
ward force may be provided by rear (wheeled) stabilis-
ers or skids which run along the surface and ensure that
the plough runs level. In this case, the conventional
skids are replaced by a pair of fixed skids 170 (only the
right-hand skid 70 being shown) which are fixed at an
angle (e.g. 10-15°) to the plough beam. The burial depth
98 in hard soils is typically of the order of 1m. The
ploughed trench collapses behind the plough to bury the
cable 70.

When the plough 1 encounters soft soil, the heel
force 97 decreases and the plough pitches back to the
position shown in Figure 16. The second share 21 can
also be deployed in soft soil and the edge 32 provides
a backwardly raked cutting blade. When the second
share 21 is in its lowered position shown in Figure 16, it
experiences a second share cutting force 111 and an
upward force generated along the beam of the plough,
i.e. directly under arrow 96 in Figure 16. The fixed skids
170 limit the pitch of the plough to a required maximum
pitch angle (e.g. 10-15°). If a large amount of piich is
required, the skids 170 may be omitted entirely. In this
position the surface 113 of lower share 21 is approxi-
mately horizontal. If the soil is soft enough the burial
depth 98 can increase up to approximately 3m. However
if the soil is hard the second share cutting force 111 may
increase so that the plough tends to lift out of the ground.
Hence the second share is most usefully deployed in
softer ground.

In hard soil when the skids are in their raised posi-
tion 8 (Figure 1) and the second share is retracted, the
plough runs at 0° pitch. That is, the base 114 of the share
assembly 10 (formed by the lower edges 132,133 of

10

15

20

25

30

35

40

45

50

55

sideplates 134,135 and the cutting face 32 of the lower
share 21) runs parallel with the seabed 91 and provides
a plough heel surface which bears the plough heel force
97. In this case the ploughing profile (given by the height
from the lowest point 12 (Figure 9) of the share assem-
bly 10 to the lower surface 4 of skid 3) is approximately
1 metre. In soft soil the ploughing profile is increased in
two ways, namely:

(1) the plough pitches back by approximately
10-15° (i.e. the base 114 of the share assembly
pitches back to an angle of 10-15° with the seabed);
and

(2) the second share 21 is lowered into the position
shown in Figure 16.

In soft soil the ploughing profile can increase as a
result up to 3 metres.

The plough is prevented from sinking too far by the
burial depth limiting skids 170 which ensure that the
plane 140 (Figure 14) is horizontal or angled up (looking
backwards). In addition, the actuator 81 of depressor
lower arm 84 is controlled in conjunction with second
share actuator 23 to ensure that the depressor is not
lowered far enough to add forces to the cable 70.

A method of cable burial using the plough 1 based
upon a Burial Protection Index (BPI) will now be de-
scribed. BPI is a parameter relating to the degree of pro-
tection provided to the cable from external influences
such as fishing gear or anchors. Fig. 17 is a graph illus-
trating the variation in BPI with burial depth, assuming
that the plough is towed at low speed. Fishing gear or
anchors will also tend to be towed at low speed, so this
is a valid simplification to the analysis. The low speed
assumption is also conservative, in that for a given tow
force the penetration depth achieved (for instance by a
plough or anchor grapnel trawl board) will diminish with
increased speed. Four example lines 120-123 are
shown in Fig. 17. In very soft clay the burial protection
index may vary with depth as indicated at 120. The gra-
dient of the line 120 is so shallow that doubling the burial
depth only leads to a small increase in BPIl. However, to
achieve that doubling in burial depth may be very ex-
pensive (eg requiring a bigger plough, bigger ship re-
quired to launch the bigger plough etc.) and this may not
be cost effective. Ultimately in very soft soils, burial can-
not provide good protection and armour may be the bet-
ter solution. The likely variation of BPI for a clay with
medium cohesiveness is illustrated at 121, and the likely
variation for a hard clay is illustrated at 122. The likely
variation in BPI for sand is illustrated at 123.

A conventional constant burial depth specification
is given by a vertical line 124 on the graph of Fig. 17. It
is clear from line 124 that a cable buried to 1m in very
soft clay will be provided with a much smaller degree of
protection than in hard clay. In contrast, a method of bur-
ial according to the present invention involving a con-
stant BPI would use a horizontal line 125 on the graph
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up to the maximum burial depth of the plough. For any
given plough there is a maximum BPI capability limited
by plough weight.

Two methods of cable burial which attempt to
achieve a constant BPI will now be described.

Fig. 18 is a flow diagram illustrating important steps
in two alternative burial methods. The first five method
steps are common to both methods. In a first step 150
the cable is loaded into the plough on the deck of the
ship prior to launch. Throughout ploughing operations
the cable runs through the plough structure. The plough
is launched at 151 from the ship and landed on the sea-
bed with the skids fully down, the depressor down suf-
ficiently to ensure that the cable is trapped between the
share side plates, and the second share fully retracted.
Once the plough is landed on the seabed, the plough
tow wire is paid out at 152 from the winch on the ship to
establish the towing catenary. As the plough moves
ahead the skids are raised gradually at 153 to achieve
deeper burial. At this stage the operator will monitor the
cable tension measured at the depressor, and if this is
higher than anticipated may lift the depressor fraction-
ally to ensure that the weight of the plough is not bearing
onthe cable, assuming that the burial depth requirement
is being met. Typical variables which are monitored dur-
ing operation are the plough position, plough speed,
burial depth achieved and cable tension. The burial
depth may be measured in a number of ways. For ex-
ample, the burial depth may be given by a combination
of the angle of deployment of the skid arms 6 and the
angle of deployment of the second share 21. The cable
tension is measured at the depressor 72. These varia-
bles are transmitted to the ship via data line 93 and re-
corded for later analysis. If the plough gets stuck or is
in hard ground with unacceptably high cable tension or
poor progress rate the skids may be lowered to reduce
the burial depth.

Depending upon the type of plough used, two dif-
ferent methods may be employed. In a first type of
plough the second share 21 is biassed towards its low-
ered position by resilient means such as a spring or a
hydraulic cylinder sprung with a hydraulic accumulator.
The biassing force may be adjustable. In this case the
second share 21 is always automatically working to
maximum depth for the soil conditions. For example, in
hard soil the soil force 97 will force the second share 21
into its raised position against the biasing force. When
the strength of the soil decreases, the force 97 will de-
crease, allowing the plough to pitch back and the second
share to lower slightly. With this type of passively adjust-
ing second share, the operator merely needs to set the
tow force (and optionally the biassing force) at 154, and
the position of the second share will adjust automatically
to achieve an approximately constant tow force.

In a second type of plough the second share 21 is
actively controlled by an operator on the ship or by suit-
able software. In this case, the operator sets the desired
tow force T (related to the desired BPI) at 155, and the
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position of the second share is adjusted by a suitable
feedback loop to maintain the tow force T at approxi-
mately the desired tow force Tg. That is, the tow force T
is monitored during a cable burial operation, and if the
tow force T drops below the required tow force T, at 156,
the operator (or the software) lowers the second share
at 157 to increase the burial depth. If, alternatively, the
tow force T rises above the desired towing force Ty at
158, the operator or software raises the second share
at 159. Typically the second share is activated by a dou-
ble acting hydraulic cylinder. The circuitry incorporates
a high volume flow pressure relief valve so that if a hard
obstacle is struck the second share can move back to
clear the obstacle. The second share is lowered and re-
tracted on the move. If the operator observes that low-
ering the second share is causing the plough to come
out of the ground, then the operator will not lower the
second share any further.

The second share will only increase burial depth
where the ground is not hard enough to generate up
forces sufficient to lift the plough out. During shallower
burial ploughing the operator will be able to develop a
good feel for when the second share can be deployed,
by monitoring tow force T and plough pitch.

In an alternative the stretch of seabed in which the
cable is being buried may have been surveyed previ-
ously, and the second share is deployed in accordance
with previously measured soil cohesiveness values.

In the methods described above the depressor is
operated in conjunction with the second share. The de-
pressor has two stage control as previously described,
with two independent hydraulic cylinders 74, 81. The
first cylinder 74 raises and lowers the depressor down
to the maximum required for the fixed part of the plough
(i.e. the top one metre of burial). The second cylinder
81 moves the lower depressor arm 84 down within the
lowered second share. A software lock prevents the
second share being deployed unless the first actuating
piston of 76 is fully extended. This ensures that the de-
pressor is always running within the side plates 50,51
of the second share and that there is no opportunity for
the cable 70 to escape up the side. Clearly the cable
diameter needs to be large compared to the gap be-
tween the depressor and the share side plates.

The plough design previously described is particu-
larly suited to a constant BPI. It has the same capability
as a standard plough down to one metre burial depth,
and can bury deeper in soft soils. For the one metre to
three metre depth range it has variable geometry which
can either be actuated from the ship or may be sprung
such that the depth achieved is always automatically
maximised for a given plough geometry and tow force,
within certain limits.

The methods illustrated in Fig. 18 have a number
of advantages. In particular:

(a) Ploughed sections of the route can be done at
constant vessel thrust, making scheduling more ac-
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curate and improving fuel consumption and opera-
tional efficiency.

(b) There is no longer a requirement for a "guaran-
teed burial depth" and or even a target burial depth,
since the depth will increase and decrease with soil
strength. As long as the vessel is putting sufficient
energy into the plough the targeted BPI is achieved.
(¢) Since the cable is buried according to a desired
BPI, the cable also has consistent recoverability,
and a suitable grapnel can be designed to match.
There is no risk of excessively deep burial.

(d) A corollary of (b) above is that less survey data
is required. It is not necessary to know the type of
soil or soil strength before carrying out acable burial
operation, although it is necessary to ensure that
there is sufficient depth of sediment to bury the ca-
ble in so that the cable armouring type is appropri-
ate.

Claims

1. An underwater plough for ploughing an underwater
bed, the plough comprising a first share (10) and a
second share (21) which is movable with respect to
the first share whereby the depth of the ploughing
profile presented by the plough can be varied.

2. A plough according to claim 1 further comprising
means for (20) for receiving an elongate member
which is buried in use by the plough.

3. A plough according to claim 1 or 2 further compris-
ing a depressor (84) for applying a downward force
to an elongate member (70) which is laid in use by
the plough.

4. A plough according to claim 3 wherein the depres-
sor (84) is movable with respect to the first share
(10).

5. A plough according to claim 4 wherein the depres-
sor comprises an upper arm (78) which is movable
with respect to the first share and a lower arm (84)
which is movable with respect to the upper arm.

6. A plough according to claim 5 further comprising
drive means (74) for moving the upper arm and
drive means (81) for moving the lower arm.

7. A plough according to any of the preceding claims
wherein the second share (21) is pivotally mounted.

8. A plough according to any of the preceding claims
wherein the second share (21) is mounted to the

first share (10).

9. Aploughaccordingto claim 8 wherein the first share
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

comprises a pair of side plates (134,135), wherein
the second share (21) is mounted between the pair
of side plates.

A plough according to any of the preceding claims
wherein the second share (21) has a retracted non-
ploughing position in which it does not present part
of the ploughing profile.

A plough according to claim 10 wherein the second
share forms at least part of a plough heel behind
the first share when the second share is in its re-
tracted position.

A plough according to any of the preceding claims
further comprising drive means (55) for driving the
second share between extended and retracted po-
sitions with respect to the first share.

A plough according to any of the preceding claims
further comprising resilient means (55) which bias-
es the second share towards an extended position
with respect to the first share.

A plough according to any of the preceding claims,
wherein in at least one position the second share
provides a backwardly raked cutting surface (32).

A plough according to any of the preceding claims
including at least claim 3, wherein the second share
has a cutting portion (32) and a heel portion (113)
behind the cutting portion, and wherein the second
share has an extended position in which a plane
(140) extending along the heel portion does not in-
tersect with the depressor (84).

A plough according to any of the preceding claims,
wherein the second share has a cutting portion (32)
and a heel portion (113) behind the cutting portion,
and wherein the cutting portion and the heel portion
subtend an angle (143) greater than 90°.

A plough according to any of the preceding claims,
wherein the plough is adapted to enable the plough
to pitch back in use.

A method of ploughing an underwater bed, the
method comprising ploughing the underwater bed
using a plough comprising a first share (10) and a
second share (21) which is movable with respect to
the first share, and varying the depth of the plough-
ing profile presented by the plough by moving the
second share with respect to the first share
(157,159).

A method according to claim 18, further comprising
laying an elongate member (70) in the ploughed un-
derwater bed.



20.

21.

22,

23.

24.

25.
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A method according to claim 19 further comprising
monitoring (156,158) a parameter related to the
amount by which the buried elongate member is
protected from external influences, and varying the
depth of the ploughing profile in accordance with the
monitored parameter.

A method according to claim 20 wherein the param-
eter comprises the resistive force presented by the
underwater bed to the plough.

A method according to claim 20 or 21 further com-
prising towing the plough along the underwater bed,
wherein the parameter comprises one of the towing
force and towing energy.

A method according to claim 20, 21 or 22 wherein
the parameter comprises the strength of the mate-
rial being ploughed.

A method according toany of claims 18 to 28 where-
in the plough further comprises a depressor (84) for
applying a downward force to the elongate member,
the method further comprising adjusting the depres-
sor with respect to the first share in accordance with
the position of the second share.

A method according to any of claims 18 to 24 using
a plough according to any of claims 1 to 17.

10

15

20

25

30

35

40

45

50

55

14



EP 0 828 031 A1

- I e e o - —
- ‘ \\ [ g ‘NK.E::—:- e 1 \\. — ) 5
\ L / |
oz 2 24 y o7 N.D_m
E\ \
: &
7 T’Q 7 T 7 w\%
~ L | J
\/\ \ N\\ J
¥ V174 \
7 = . & _\

l \uﬂ%\\ﬁ _ & r_ s NM\,O

. _ —
7 _TQ 9 T’ o /\



EP 0 828 031 A1

Fig.3.
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Fig.18.
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