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REMOVABLE COVER INTENDED FOR
BEING ARRANGED OPPOSITE A
FLUID-TRANSPORT PIPE SUBMERGED IN
A BODY OF WATER, ASSOCIATED
INTERVENTION ASSEMBLY AND METHOD

[0001] The present invention relates to a removable cover
that is intended to be arranged to be facing a fluid transport
pipe submerged in a body of water, which comprises:

[0002] an elongate body, that is capable of being applied
to be facing an outer surface of the pipe;

[0003] at least one longitudinal interaction element for
interacting with the pipe, supported by the elongate
body.

[0004] The fluid transport pipe is for example disposed at
the bottom of a body of water, for transporting fluid over the
bed of the body of water, before the raising thereof to the
surface.

[0005] The pipe is advantageously a rigid pipe formed
from at least one metal tube. By way of a variant, the pipe
is a flexible pipe. It is for example laid on the bottom of the
body of water or/and is buried in the bed of the body of water
at a shallow depth.

[0006] The fluid transported by the pipe is in particular a
petroleum fluid containing hydrocarbons, such as petroleum
or natural gas.

[0007] When this type of fluid is in circulation at the
bottom of a body of water at great depths, the compounds
present in the fluid, such as hydrates or paraffins are very
prone to solidifying and forming build-ups of solids includ-
ing for example constrictions and in certain critical cases
plugs.

[0008] By way of a variant, the hydrates and paraffins are
formed during a shut-down of production due to a mainte-
nance operation or a malfunction.

[0009] The build-ups of solid thus formed disrupt the flow
and circulation of the fluid and the operation of the instal-
lation, which could lead to significant losses in revenues for
the operator of the facility.

[0010] The method generally used in the industry in order
to unclog a pipe blocked by hydrates is depressurisation.
Indeed, pressure being one of the conditions for formation of
the hydrates, the depressurisation of the pipe over a fairly
long time period helps bring about, at least partially, the
elimination of plugs. The greater the degree of depressuri-
sation the lesser the time necessary to bring about the
dissociation of plugs. However, overly excessive and
extremely rapid depressurisation of the interior of the pipe
may cause the collapse of the pipe on to itself under the
effect of external pressure, in particular but not exclusively
in the case of flexible pipes.

[0011] Similarly, the column of liquid within the interior
of the rising column (“riser” as per the accepted terminol-
ogy) imposes a hydrostatic pressure within the interior of the
pipe that is difficult to control. Thus it is impossible to
depressurise below a certain threshold level imposed by this
hydrostatic pressure. In practice, depending on the level of
depressurisation within the interior of the pipe and the depth
at which the said pipe is located, the time required for the
dissociation may easily amount to several months.

[0012] In addition, this method entails collecting of the
gas or liquid at the surface during the dissociation of the
plugs. As a consequence thereof, in order to be performed
this operation necessitates the intervention by a specialised
vessel that is capable of collecting and processing these
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fluids in accordance with the standards stipulated in the
ATEX directives, which is rare and very expensive.
[0013] In certain cases, it is also known practice to intro-
duce into the pipe a mechanical system designed to dislodge
the plugs. Operations of this type are burdensome and
difficult to carry out and costly. They generally require a
shut-down of the production processes. In addition, these
operations can be performed only over a relatively short
length and typically over the vertical part of the pipe.
[0014] Also, in critical cases, none of the conventional
means prove to be effective in unblocking the pipe, thus
resulting in it’s becoming inoperative.
[0015] An alternative treatment device for treating plugs
in a fluid transport pipe is described for example in the
document U.S. Pat. No. 6,939,082. In this device, a remotely
operated vehicle is lowered down to a point of the pipe at
which a hydrate plug is found. A liner is disposed above the
pipe, while leaving available an intermediate space. The
water present in the intermediate space is heated and made
to circulate in order to heat the pipe and cause the melting
of the plug.
[0016] Such a device is not entirely satisfying. The opera-
tional implementation thereof is burdensome and difficult
and makes it necessary to form a local seal in the interme-
diate space defined above the pipe. The temperature applied
to the pipe is difficult to control in a precise manner.
Furthermore, the location of the hydrate plug must be known
apriori, prior to treating it, which requires lengthy and costly
investigations.
[0017] In addition, this device provides for only highly
localized treatment of the plug (typically 2 m). In the
absence of data relating to the location and the length of the
plug, the time periods required to perform the operations
could become excessively long.
[0018] The use of such a device also carries certain risks.
In effect, the generation of plugs results in an irregularity in
the pressure levels along the pipe line. Thus, the pressure
may be much higher on one side than on the other side of the
plug. The local heating increases the problems of irregularity
that can bring about the violent expulsion of the plug and
cause damage to the pipe, or even create zones of overpres-
sure that could degrade the pipe.
[0019] In addition, once the zone has been treated, if the
device were to be moved for treating a new zone, there is a
risk of the hydrates being possibly reformed in the zone that
was initially treated during the treatment of the subsequent
zone.
[0020] One object of the invention is to provide a device
that makes it possible to monitor and treat effectively, in a
simple and inexpensive manner, the build-ups of solid
material within a fluid transport pipe submerged in a body of
water.
[0021] To this end, the object of the invention relates to a
cover of the aforementioned type, characterized in that the
elongate body is reversibly deformable under the effect of its
own weight, the elongate body having a length of more than
10 m.
[0022] The cover according to the invention may include
one or more of the following characteristic features, taken
into consideration in isolation or in accordance with any
technically possible combination:

[0023] the elongate body has a length that is greater

than 100 m, advantageously greater than 1 km;
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[0024] at least one longitudinal interaction element for
interacting with the pipe is a longitudinal temperature
measurement sensor for measuring the temperature,
that is borne by the elongate body;

[0025] the longitudinal temperature measuring sensor
extends over at least 90% of the length of the elongate
body;

[0026] the cover includes at least one ballast element
borne by the elongate body;

[0027] the elongate body is adapted so as to be wound
in a reversible manner over a rotating storage device;

[0028] the cover includes at least one longitudinal rein-
forcement armor borne by the elongate body;

[0029] the cover includes at least one handling element
that is adapted so as to be gripped by a remotely
operated underwater vehicle;

[0030] the elongate body comprises a thermally insu-
lating material;

[0031] at least one longitudinal interaction element for
interacting with the pipe is a longitudinal heating
element advantageously comprising an electrical heat-
ing resistor.

[0032] The object of the invention also relates to an
operating assembly disposed to be facing a fluid transporting
pipe submerged under a body of water, that comprises:

[0033] at least one cover as defined here above;

[0034] an activation, control and monitoring unit for
activating, controlling and monitoring the or each lon-
gitudinal interaction element for interacting with the
pipe, connected to the or each cover.

[0035] The assembly according to the invention may
include one or more of the following characteristic features,
taken into consideration in isolation or in accordance with
any technically possible combination:

[0036] a rotating storage device, the cover being
adapted so as to be wound and unwound in a reversible
manner over the rotating storage device.

[0037] The invention also relates to an interaction method
for interacting with a fluid transport pipe disposed in a body
of water, that includes the following steps:

[0038] provision of a cover as defined here above;

[0039] placement of the cover in the body of water in
order for it to be disposed to be facing an outer surface
of the fluid transport pipe;

[0040] activation of the or each longitudinal interaction
element for interacting with the pipe, so as to interact
with the pipe, in particular for heating the pipe or for
measuring a temperature of the pipe.

[0041] The method according to the invention may include
one or more of the following characteristic features, taken
into consideration in isolation or in accordance with any
technically possible combination:

[0042] the step of placement of the cover includes the
application of the cover on to the outer surface of the
fluid transport pipe, and the spontaneous deformation
of the cover so as to fittingly adapt to the form and
shape of the outer surface of the fluid transport pipe.

[0043] the pipe is at least partially buried in the bed of
the body of water, the step of placement comprising of
the application of the cover on to a bearing surface
situated so as to be at a distance away from and facing
the outer surface of the fluid transport pipe, advanta-
geously on the bed of the body of water, and the
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spontaneous deformation of the cover so as to fittingly

adapt to the form and shape of the bearing surface.
[0044] The invention will be better understood upon read-
ing the description which will follow, provide solely by way
of example, and with reference made to the accompanying
drawings, in which:
[0045] FIG. 1 is a schematic view, taken through a body of
water, of an operational installation that is used to exploit
fluids, wherein a heating assembly according to the inven-
tion has been operationally implemented;
[0046] FIG. 2 is a partial top view of a removable heating
cover according to the invention;
[0047] FIG. 3 is a cross sectional view taken along the
transverse plane III of FIG. 1;
[0048] FIG. 4 is a cross sectional view taken along the
transverse plane IV of FIG. 1;
[0049] FIG. 5 is a cross sectional view taken along the
transverse plane V of FIG. 1;
[0050] FIG. 6 is a graph illustrating the temperature mea-
sured, as a function of the longitudinal position, by the
longitudinal temperature measuring sensor that is integrated
into the removable cover;
[0051] FIG. 7 is a graph illustrating the temperature mea-
sured, as a function of time, by the longitudinal measuring
sensor integrated into the removable cover opposite a given
point on the pipe initially having a plug;
[0052] FIG. 8 is a view that is analogous to the one in FIG.
5, when the cover is off-centre in relation to the pipe; and
[0053] FIG. 9 is a graph comparing the changes in tem-
perature as measured by a sensor situated at the centre of the
central body of the cover and by a sensor situated at the
periphery;
[0054] FIG. 10 is a view that is analogous to the one in
FIG. 3 of a variant of a heating cover according to the
invention;
[0055] FIG. 11 is a view of a detail marked XI in FIG. 10;
[0056] FIG. 12 is a partial view in perspective of the
extreme or end part of a component piece intended for
forming the elongate body of the cover shown in FIG. 10;
[0057] FIG. 13 is a view taken in cross section along an
axial plane, illustrating the longitudinal joining assembly
between two successive component pieces forming the
elongate body of the cover shown in FIG. 10;
[0058] FIG. 14 is a cross sectional view of the longitudinal
ridge of a first component piece intended to form the
elongate body;
[0059] FIG. 15 is a cross sectional view of the additional
complementary longitudinal ridge of a second component
piece intended to form the elongate body, by means of a
joining assembly with the first component piece.
[0060] A first operating assembly 10 according to the
invention is illustrated schematically in FIG. 1. The assem-
bly 10 is intended to be used in an operational installation 12
that is used to exploit fluids in a body of water 14.
[0061] The body of water 14 is for example a sea, a lake
or an ocean. The depth of the body of water 14 directly
aligned above the operational installation that is used to
exploit fluids 12 is for example between 10 m and 3000 m,
or even more.
[0062] The installation 12 includes at least one pipe 16
placed on the bed 18 of the body of water 14 and/or partially
or totally buried in the bed 18 of the body of water 14.
[0063] In this example, the pipe 16 is a production pipe
line (referred to as “flowline” as per the accepted terminol-
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ogy) connecting a fluid collection assembly (not repre-
sented) to a riser. By way of a variant, the pipe 16 is a gas
injection pipe (“pipe” or umbilical) for injecting gas or pipe
used for alternating injection of gas and water.

[0064] The pipe 16 is for example a rigid pipe formed of
at least one metal tube or a flexible pipe comprising at least
one pressure sheath made of thermoplastic material and
tensile armors.

[0065] The pipe 16 may or may not comprise a thermally
insulating layer, with this layer possibly being of a signifi-
cant thickness, that makes it possible to achieve insulation
levels that are less than 1 W/m>K. By way of an example,
the pipe 16 shown in FIG. 1 comprises a first section 20 that
projects outward from the bed 18 of the body of water, a
second section 22 that is buried at a shallow depth, for
example at a depth measuring less than the external radius
of'the pipe 16 and a third section 24 that is buried at a greater
depth, greater than the external radius of the pipe 16.
[0066] The pipe 16 delimits an internal circulation passage
26 for circulating the fluid, as visible in FIGS. 3 to 5. The
fluid circulating in the pipe is for example a hydrocarbon
fluid comprising at least one compound that is very prone to
solidifying in the internal passage 26 at a temperature
comprised between -40° C. and 50° C., in particular
between -5° C. and 25° C.

[0067] The compound that is prone to solidifying is for
example a hydrate, a wax, ice and/or a gel of paraffins and/or
of asphaltenes.

[0068] The solidified compound is very prone to accumu-
lating on the walls of the pipe, and in certain critical cases,
to forming plugs 28 as represented schematically in FIG. 1.
[0069] In the example represented in FIG. 1, the operating
assembly 10 is intended to be deployed so as to be facing the
pipe 16 in order to heat the fluid contained therein, and to
bring about at least partial melting of the solidified com-
pounds.

[0070] The operating assembly 10 is advantageously
deployed from a floating surface installation 30, such as a
vessel. Any kind of installation vessel may be used, prefer-
ably a conventional installation vessel, or possibly a special
vessel specifically compliant with ATEX standards.

[0071] According to the invention, the operating assembly
10 includes a removable cover 32 that is intended to be
placed so as to be facing the pipe 16, an activation, control
and monitoring unit 34, for activating, controlling and
monitoring the heating brought about by the cover 32, that
is advantageously carried by the surface installation 30, and
a flexible link 36 connecting the unit 34 to the cover 32
through the body of water 14.

[0072] In this example, the operating assembly 10 further
also comprises a winding device 38 for winding the cover
32, which is carried by the surface installation 30.

[0073] The removable cover 32 is here designed to interact
with the pipe 16 in order to heat it. It is adapted so as to be
applied in a reversible manner on to an outer surface of the
pipe 16 when the pipe 16 projects outwards from the bed 18
of the body of water 12 and/or on a bearing surface formed
by the bed 18 of the body of water 12, so as to be facing the
pipe 16 when the pipe 16 is buried.

[0074] The removable cover 32 includes a flexible elon-
gate body 40, and at least one interaction element 42, 44 for
interacting with the pipe 16 comprising in this example at
least one longitudinal heating element 42, and at least one
longitudinal temperature sensor 44 for measuring the tem-
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perature, the heating element 42 and the longitudinal sensor
44 being carried by the body 40.

[0075] Advantageously, the removable cover 32 has lon-
gitudinal internal armor 46, disposed in the body 40, in order
to increase its tensile strength. The cover 32 additionally
also comprises in this example the exterior handling mem-
bers 48, which are visible in FIG. 2, and adapted so as to be
gripped by a remotely controlled underwater vehicle (“Re-
motely Operated Vehicle” or “ROV” as per the accepted
terminology), for adjusting the position of the body 40 in
relation to the pipe 16.

[0076] The elongate body 40 is made from a flexible
material, and is reversibly deformable so as to fittingly adapt
to the form and shape of the surface on which it is applied.
[0077] In this instance it has the shape of a planar layer
with a polygonal transverse cross section delimited towards
the bottom by a lower surface and towards the top by an
opposite upper surface.

[0078] The elongate body 40 advantageously includes a
ballast element 45, which is capable of causing the defor-
mation of the elongate body 40 under the effect of its weight
and of enabling the retention in position thereof on the
surface on which it is applied.

[0079] The ballast element 45 is also capable of ensuring
a secured stationary position during the installation, while
effectively withstanding the marine currents during instal-
lation.

[0080] Indeed, the ballast element 45 provides a negative
buoyancy necessary to obtaining an acceptable hydrody-
namic behavior during the installation phase (passage
through the water column).

[0081] In one embodiment, the ballast element 45 is
distributed in an asymmetrical manner, for instance by
ballasting to a far greater extent the front of the elongate
body 40 than the rear thereof.

[0082] Thus, during the installation, the cover 32 plunges
to the bottom in a vertical manner, with its front portion
relatively immobile in the currents on account of the ballast,
and with its rear portion drawn into the currents, just like a
flag in the wind. This is of great interest with respect to the
phase of approaching the ground, during which it is impor-
tant for the ground gripping point to be sufficiently ballasted
in order to avoid being dragged over the ground under the
effect of the current, which would run the risk of causing
damage thereto but would also add complexity to the task of
positioning it so as to be facing the pipe 16.

[0083] The ballast element 45 is for example formed by
the crimping of a metal rod positioned longitudinally along
the elongate body 40, or even of steel plates, of encapsulated
lead, discontinuous in two planes so as to allow for the
winding and storage thereof on the surface installation 30
and the monitoring of the terrain profile, as well as of the
pipe profile 16 itself. Alternatively, metal cables, for
example made of steel are used for combining added mass
and absorption/transfer of installation stresses.

[0084] Additionally the flexibility of the body 40 is further
appropriate for enabling the winding of the removable cover
32 over the winding device 38 and the unwinding thereof
from the winding device 38, without significant plastic
deformation.

[0085] The elongate body 40 is for example made from an
elastomeric material of such type as rubber or polyurethane.
Its thickness may be comprised between 50 mm and 100
mm. The cover may also take the form of a honeycomb-like
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structure of such a type as is based on the NIDA technology.
The honeycomb-like structure preferably includes a layer of
adjacent cells interposed between two continuous sheets.
[0086] The cells of the honeycomb may be filled with
airgel and in particular powdered airgel. The sheets may be
made from elastomeric material such as rubber.

[0087] By way of a variant, the elongate body is made of
syntactic foam, for example based on polypropylene with
glass microspheres. In this case, and as the material is
relatively rigid, the syntactic foam will be in the form of
juxtaposed blocks.

[0088] The blocks like the cells of the honeycomb pret-
erably have maximum dimensions measuring less than 30
cm and in particular of the order of 20 cm.

[0089] Preferably, the elongate body 40 is thermally insu-
lating. It advantageously presents a thermal conductivity of
less than 0.3 W/m'K, and in particular comprised between
0.1 W/m'K and 0.3 W/m-K.

[0090] It is thus capable of directing the heat generated by
each heating element 42 to the pipe 16.

[0091] According to the invention, the length of the elon-
gate body 40 is greater than at least 10 times its width, in
particular at least 100 times its width.

[0092] The length of the elongate body 40 is greater than
10 m, in particular greater than 100 m, preferably greater
than 1 km.

[0093] The width of the elongate body 40 is less than 5 m,
and is in particular less than 2 m.

[0094] According to one advantageous feature of the
invention, the width of the elongate body 40 is greater than
the diameter of the pipe 16, preferably measuring at least
twice the diameter of the pipe 16, in a manner so as to
facilitate the installation of the cover 32, without having to
ensure centering of the said cover 32 over the pipe 16. When
the pipe is arranged above the sea bed, the width of the
elongate body 40 is advantageously greater than the perim-
eter of the pipe and preferably greater than 2 times the
perimeter.

[0095] Indeed, when operating over several kilometers of
sea bed, it becomes burdensome and difficult to perfectly
adjust the middle part of the cover 32 in relation to the axis
of the pipe 16. Thus, a large width makes it possible to
maintain the full effectiveness thereof while the cover 32 is
slightly offset from the axis of the pipe 16.

[0096] When the length of the elongate body 40 is very
much greater than its width, the cover 32 is thus capable of
heating the pipe 16 over a great length, in particular in order
to remove build-ups of solidified compounds, without nec-
essarily having to precisely locate the longitudinal position
of these compounds prior to the intervention.

[0097] As previously indicated above, the elongate body
40 is capable of deforming spontaneously so as to fittingly
adapt itself to the surface on which it is applied. In the
example shown in FIG. 4, the body 40 thus has a channel-
shaped form covering pipe 16 and delimiting a hollow for
receiving the pipe 16.

[0098] In the example represented in FIGS. 4 and 5, the
body 40 has a form that is respectively concave and sub-
stantially planar, corresponding to the configuration of the
bed 18 of the body of water 14, directly aligned above the
pipe 16.

[0099] In the example illustrated in FIGS. 3 to 5, the
removable cover 32 includes a plurality of longitudinal
heating elements 42, which are laterally spaced apart from

Jul. 19,2018

each other. In this example, the removable cover 32 includes
four parallel heating elements 42.

[0100] In one variant of the embodiment represented in
FIG. 10 and FIG. 12, the removable cover 32 includes ten 42
parallel heating elements. In other variants of the embodi-
ment that are not represented, the removable cover 32 may
include more than ten parallel heating elements 42.

[0101] Each heating element 42 extends advantageously
over more than 90% of the length of the body 40. An excess
length is provided for in particular when the cover 32 is
intended to be wound and when the heating elements 42 are
not structural load-bearing or supporting elements. This
extra length is a function of the distance to the neutral axis
of winding. This extra length makes it possible to avoid the
excessive compressive and tensile stresses appearing
between the wound and unwound position.

[0102] Inone embodiment, the heating elements 42 extend
s0 as to be parallel to the local axis A-A' of the body 40. By
way of a variant, they generally extend in an overall parallel
fashion, with the heating elements 42 having local curva-
tures in the form of zigzags.

[0103] Inother embodiments, at least one heating element
42 runs across the body 40 while forming zigzags whose
width corresponds to the width of the body 40. By way of
a variant, at least one heating element 42 is a heating wire
mesh that is uniformly distributed over the surface of the
body 40.

[0104] Each heating element 42 is in this instance partially
embedded in the body 40, so as to have at least one
generatrix flush with a lower surface of the body 40. In some
variants of the embodiment, the heating elements 42 are
fixed so as to project outwards below the body 40. In order
to not be in direct contact with the underlying ground, which
could contribute to the risk of degradation of the heating
elements 42, the body 40 has rigid over-thickened portions
on both sides of the heating elements 42, to be applied on the
ground.

[0105] Advantageously, each heating element 42 is
formed by an electrical resistor that is capable of generating
heat as a result of the Joule effect, when it is electrically
powered by the unit 34, via the connection 36.

[0106] In the case of the heating cover 32, the heating
elements 42 may be in direct contact with the water and the
ambient pressure. Thus, they advantageously comprise a
protection means for protecting against corrosion and com-
pression, or are made out of materials that are resistant to
such stresses or strains.

[0107] The linear power output delivered by the heating
elements 42 is in particular greater than 50 W/m, in par-
ticular comprised between 100 W/m and 300 W/m, more
generally in some cases, comprised between 100 W/m and
500 W/m.

[0108] The or each temperature sensor for measuring
temperature 44 is for example formed by a fiber optic linear
sensor of such type as a distributed temperature sensor
(“Distributed Temperature Sensing” or “DTS”), Bragg fiber
sensor, or fine grid sensor.

[0109] The temperature measuring sensor 44 extends
advantageously over more than 90% of the length of the
body 40, so as to be parallel to the local axis A-A' of the body
40.

[0110] It is positioned to be flush with a lower surface of
the body 40 in order to be placed in contact with the surface
heated by the body 40.
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[0111] It is advantageously placed along the central axis
A-A' of the body 40, transversely at a distance away from
each heating element 42, preferably between two adjacent
heating elements 42.

[0112] The sensor 44 is capable of generating a signal that
is representative of the local temperature of the interior
surface of the body 40 with a resolution for example of the
order of 1 m along the body 40.

[0113] The representative signal is collected by the unit 34
in order to ensure monitoring of the local temperature of the
body 40, during the heating operations.

[0114] A plurality of sensors 44 or portions of sensors 44
may be arranged in the width of the body 40, with the
objective of determining, by means of studying the tempera-
tures, the centring of the body 40 of the cover 32 over the
pipe 16.

[0115] 'This is illustrated in FIG. 8 and FIG. 9 which shows
that the sensor 44 A situated at the periphery of the body 40
displays at each time instant a temperature TA that is higher
than the temperature TB of the sensor 44B situated at the
center of the body 40.

[0116] The position of the body 40 can advantageously be
corrected at a later stage by a remotely operated underwater
vehicle.

[0117] When the sensor 44 is formed by an optical fiber,
the body 40 may receive a plurality of longitudinal optical
fibers, or even a single optical fiber which extends back and
forth along the body 40.

[0118] In practice, the unit 34 comprises an analysis unit
(“monitoring unit” as per the accepted terminology) for each
optical fiber and the link 36 includes a dedicated optical fiber
umbilical channel.

[0119] Thus, the use of a single optical fiber that extends
back and forth requires only one analysis unit and only one
umbilical channel, which reduces the cost. Conversely, a
plurality of analysis units provide for better discretization
over great lengths.

[0120] The armor elements 46 extend longitudinally in the
body 40. They are for example formed by metal and/or
composite wires. Each armor element 46 is embedded in the
body 40, being disposed at a distance away from the heating
elements 42.

[0121] The presence of the armor elements 46 stiffens the
body 40 along the axis A-A', while also maintaining its
deformability along other directions.

[0122] The handling elements 48 project outwards from an
upper surface of the body 40. They are adapted so as to be
gripped by a tool of a remotely operated underwater vehicle
for adjusting the local position of the body 40.

[0123] The handling elements 48 are for example handles,
cords, etc.

[0124] They are distributed longitudinally along the body
40.

[0125] The actuating, control and monitoring unit 34 is

connected to the removable cover 32 in order to activate the
heating elements 42 and control their heating and to monitor
the measurement of temperature performed by the sensor 44.
The unit 34 is thus capable of monitoring the local tempera-
ture of the body 40 along the pipe 16, and of controlling the
temperature on the basis of measurements performed by the
sensor 44.

[0126] The link 36 is for example formed by a flexible
hose such as an umbilical. It comprises at least one electrical
supply line for supplying electrical power to each heating
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element 42, and an information transfer line, connected to
the temperature measuring sensor 44.

[0127] The winding device 38 comprises a drum or a
basket mounted so as to be rotatable on the surface instal-
lation 30 about an axis B-B' of winding. It is adapted so as
to enable the winding of the body 40 with a minimal radius
of curvature that is greater than 2 m and, for example
comprised between 2 m and 4 m.

[0128] A first operational intervention method according
to the invention for performing interventions facing a pipe
16 underwater will now be described.

[0129] Initially, the removable cover 32 is loaded on the
winding device 38 of the surface installation 30, being
wound about the axis B-B' of the device 38.

[0130] The surface installation 30 is then brought to the
vicinity of the pipe 16. A free end of the removable cover 32
is unwound and is submerged in the body of water, for
example by means of a remotely operated vehicle, in order
to be positioned on the pipe 16, when the latter is accessible,
or on a point situated vertically to be facing the pipe 16,
when the latter is buried.

[0131] The removable cover 32 is then progressively
unwound and laid longitudinally along the path line of the
pipe 16.

[0132] As previously indicated above, the cover 32
plunges to the bottom in a substantially vertical manner, with
at least its front portion relatively immobile in the currents
on account of the ballast element 45. The overall weight of
the cover 32 confers it with a stability and a resistance to sea
currents during its vertical descent.

[0133] The great flexibility of the body 40 makes it
possible for the cover 32 to precisely follow the path line of
the pipe 16. The body 40 being deformable under the effect
of its own weight, it closely adheres to the form and shape
of the surface on which it is laid, it being possible for this
surface to be the pipe 16 itself in the section 20 that is seen
in FIG. 3, or the bed 18 of the body of water 14 when the
pipe is buried in shallow water, as in FIG. 4 for the section
22, or at a greater depth, as shown in FIG. 5 for the section
24.

[0134] The long length of the body 40 of the cover 32 does
not require precisely locating the areas where there could be
any potential solid build-ups or plugs 28 in the pipe 16, since
the pipe 16 is treated in a comprehensive manner over the
entire length of the cover 32.

[0135] Additionally a link 36 is also put in place through
the body of water 18 between a point on the cover 32 and the
unit 34 situated on the surface installation 30.

[0136] The link 36 electrically connects the unit 34 to each
heating element 42. It also connects the unit 34 with the
temperature sensor 44 for measuring the temperature.
[0137] In the event where a plurality of sensors 44 are
present, the link 36 preferably comprises a plurality of
channels and thus connects a plurality of sensors 44 to one
or more central units.

[0138] Then, the unit 34 activates each heating element
42. The body 40 being made at least partially from insulating
material, the heat generated by each heating element 42 is
directed mainly through the lower surface of the body 40, to
the pipe 16 by direct contact with the pipe 16, or by
transmission of heat through the bed 18 of the body of water
14.

[0139] The heat generated by the heating elements 42
heats the contents of the pipe 16 in the internal passage 26,
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thereby making possible the at least partial dissolution of the
solid compounds formed in the passage 26, and the dislodg-
ing of any possible plugs 28, over the entire length of the
body 40.

[0140] During the heating process, the unit 34 monitors
the change and evolution of the local temperature of the
body 40 along the pipe 16. As illustrated in FIG. 6, the zones
60 locally having a lower temperature are generally associ-
ated with a solid build-up in the pipe 16 and at times with
plugs 28.

[0141] The unit 34 also monitors the local evolving
change in the temperature of the body 40 as a function of
time, for each zone 60 having solid build-up, in order to
determine the stabilization of this temperature 62 represen-
tative of the disappearance of the solid build-up, as illus-
trated in FIG. 7, which compares the evolving change 62 in
the presence of a plug to the changes 63 evolving in the
absence of plugs, for an essentially liquid flow.

[0142] Once the sections 20 to 24 of the pipe 16 have been
treated, the cover 32 may be moved to other sections of the
pipe 16, for example by pulling it by making use of at least
one remotely operated underwater vehicle, or by raising it up
on to the surface installation 30 and by winding it over the
device 38.

[0143] The cover 32 according to the invention is thus
particularly simple to set in place and move through the
body of water 14. The flexibility of its body 40, possibly
associated with the presence of ballast members 45, sub-
stantially adapts the conformation of the body 40 to the
configuration of the pipe 16 regardless of whether it is
accessible or buried.

[0144] At a minimum, the inflow and outflow of water by
natural convection or by the current is prevented during the
heating. A “hermetic” seal to the water circulation is advan-
tageously created, possibly with one or more pockets of
water enclosed therein. The efficiency of the heating is
naturally better in the absence of water pockets.

[0145] The great length of the body 40 of the cover 32
comprehensively ensures a global treatment of a large length
of the pipe 16, without the need to precisely determine
where any possible build-ups of solid compounds, and in
particular the plugs 28 may be located.

[0146] An effective thermal insulation is provided by the
body 40 for directing the heat generated by the heating
elements 42 to the pipe 16, thereby minimising the losses.
[0147] The cover 32 makes it possible to treat very effec-
tively and rapidly any possible solid build-ups in the pipe 16
without necessarily requiring any interruption in production.
[0148] The presence of a longitudinal temperature sensor
for measuring the temperature 44 makes it possible to locate
any potential solid build-ups, and to verify the disappear-
ance thereof.

[0149] In addition, the cover 32, possibly provided with
internal armor elements 46 in order to ensure its longitudinal
rigidity, can be wound over a winding device 38, thereby
facilitating the storage and handling thereof on a surface
installation 30.

[0150] Inone variant, a plurality of covers 32 as described
here above are mounted in series with each other so as to
form a heating assembly 10 measuring a greater length.
[0151] In another variant, the heating elements 42 are not
necessarily electrical resistors, but are formed by fluid
circulation conduits for circulating a hot heat-transter fluid.
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[0152] By way of a variant, the cover 32 is devoid of
heating elements 42 or comprises inactive heating elements
42. It comprises only one or more interaction elements for
interacting with the pipe 16 formed by temperature sensors
for measuring the temperature 44, in order to ensure passive
monitoring of the pipe 16 during the course of production,
without heating.

[0153] In another variant, the cover 32 is installed in a
permanent manner on to the lines set in place which require
insulation or active heating following an evolutionary
change of the production profile. In this case, the control and
injection of power are performed from a production plat-
form.

[0154] A variant of a removable cover 32 according to the
invention is illustrated in FIGS. 10 to 15. In this variant, the
elongate body 40 comprises a plurality of adjacent longitu-
dinal strips 200 that are longitudinally joined in an articu-
lated manner to each other and an articulated hinge joint
between the strips 200, formed by a common sheet 202.
[0155] In this example, as illustrated in FIG. 12, the
elongate body 40 comprises a plurality of successive lon-
gitudinal elements 204, that are assembled to be longitudi-
nally joined to each other, and assembling elements 206 for
assembling successive pieces 204, that are visible in FIG.
13.

[0156] The longitudinal strips 200 in this instance extend
over the entire length of the elongate body 40. Each longi-
tudinal strip 200 is joined in an articulated manner to an
adjacent longitudinal strip 200 along a longitudinal edge of
the strip 200.

[0157] In this example, each longitudinal strip 200 com-
prises an upper segment 208 and a lower segment 210,
assembled on either side of the sheet 202.

[0158] At least one longitudinal strip 200, here each
longitudinal strip 200, defines a lower groove 212 intended
for accommodating at least one longitudinal interaction
element 42, 44 for interacting with the pipe 16.

[0159] Each segment 208, 210 has an entirely prismatic
form. In the example represented in FIG. 11, the transverse
cross section of each segment 208, 210 is constant over
substantially the entire length of the segment 208, 210. This
section for example is in the form of a quadrilateral, here in
the form of a trapezoid.

[0160] Each segment 208, 210 has lateral surfaces 214 that
are inclined towards one another and in relation to the
vertical by an angle advantageously comprised between 15°
and 45°, preferably between 20° and 30°.

[0161] Thus, each longitudinal strip 200 is movable in
rotation about a longitudinal axis D-D' by means of the hinge
joint, thanks to the space 216 provided between the inclined
lateral faces 214 positioned to be facing two adjacent
segments 208 or 210.

[0162] The segments 208, 210 are made out of insulating
material, for example from the polymeric materials men-
tioned here above for the manufacture of the body 40.
Preferably, the material is resistant to ultraviolet light or has
a coating that is resistant to ultraviolet light.

[0163] The polymer material of the segments 208, 210 is
chosen so as to have adequate flexibility to enable being
wound over a barrel or drum. Preferably, the polymer
material of which each segment 208, 210 is formed, is
capable of being elastically deformed to achieve an elonga-
tion of at least 5%.
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[0164] The segments 208, 210 are fastened on to the sheet
202 by means of bonding, heat-sealing, and/or preferably by
vulcanization.

[0165] Preferably, each segment 208, 210 is fastened on to
the sheet 202 over the entire surface applied on to the sheet
202, in order to ensure a constant mechanical connection
along the entire length and so as to prevent zones of
detachment that may promote circulation of water.

[0166] As described in FIGS. 14 and 15, for each succes-
sive piece 204, each lower segment 210 projects outward
axially beyond the upper segment 208 to a first extremity of
the piece 204 in order to define a support ridge 216 intended
for supporting an adjacent piece 224.

[0167] For each successive piece 204, each upper segment
208 projects outward axially beyond the lower segment 210
to a second extremity opposite the first extremity in order to
define a cooperation ridge 218 for cooperating with the
support ridge 216 of an adjacent piece 204.

[0168] In this example, the groove 212 is formed longi-
tudinally in each lower segment 210. It opens downwards.
[0169] The interaction element 42, 44 is housed in the
groove 212. It is fastened under the strip 220 at the bottom
of the groove 212 by means of the retaining members 220,
such as rings and/or clamping brackets spaced out at a
predetermined distance from each other in order to control
the sliding of the element 42, 44 in relation to the elongate
body 40.

[0170] Preferably, the interaction element 42, 44 is dis-
posed at the level of the neutral axis of winding of the
elongate body 40 at the bottom of the groove 212. This limits
the stresses or strains that are applied on the interaction
member 42, 44 when the elongate body 40 is wound over a
barrel or over a drum.

[0171] The ballast elements 45 are molded and/or are
extruded into a segment 208, 210 of a strip 220 or are
directly attached thereto for example by screwing by means
of a self-drilling screw.

[0172] The sheet 202 is common to all of the longitudinal
strips 200 of one given piece 204.

[0173] The sheet 202 is more flexible than each segment
208,210 so as to be deformed by torsion during the relative
rotation of each strip 200 in relation to an adjacent strip 200.
[0174] The sheet 202 has a thermal conductivity measur-
ing preferably less than 0.1 W/(mK). This makes it possible
to provide for thermal insulation in the interstices between
the adjacent strips 200.

[0175] The sheet 202 has a thickness that is greater than 5
mm, preferably greater than 6 mm. The thickness of the
sheet 202 is optimized so as to maintain a certain flexibility,
while also providing for a satisfactory level of thermal
insulation.

[0176] Inthe example represented in FIGS. 14 and 15, the
sheet 202 comprises a plurality of layers assembled on top
of each other, for example by calendering. It thus includes at
least one interior layer 224 made from polymer material, for
example from elastomer material, in particular polychloro-
prene or even polyamide; at least one intermediate textile
layer (not represented), for example multiple textile layers
arranged to be placed at 45° relative to each other, in order
to ensure the absorption/transfer of stresses or loads in a
plurality of directions, one intermediate layer 224 made of
polymer and/or one top layer 226 made of polymer material,
for example, of chlorosulfonated polyethylene, or even
ethylene-propylene-diene monomer.
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[0177] The top layer 226 and the bottom layer 224 are
preferably resistant to weathering, abrasion, and corrosion.
In addition the top layer 226 is preferably also resistant to
ultraviolet light.

[0178] With reference to FIG. 11, the sheet 202 thus
defines a plurality of support regions 228 for supporting the
longitudinal strips 200, and between each pair of support
regions 228, 230 the longitudinal hinge joints situated
between the longitudinal strips 200.

[0179] Additionally the sheet 202 further defines, laterally
on either side of each piece 204, a lateral skirt 232, and at
the axial extremities (end parts) of each piece 204, a support
strip 234 for supporting the assembling elements 206, that
are visible in FIG. 12.

[0180] The lateral skirt 232 projects outward laterally
relative to the longitudinal strips 200. It is adapted so as to
rest on the sea bed and is capable of isolating longitudinally
the space beneath the elongate body 40 from the rest of the
marine environment.

[0181] The support strip 234 rests on the support ridges
216 of each lower segment 210 at a first extremity of the
piece 204. It is fastened under the cooperation ridges 218 at
a second extremity of the piece 204.

[0182] The support strip 234 defines a plurality of
through-passage orifices 236 for the assembling elements
206 to pass through.

[0183] The assembling elements 206 comprise at least one
coupling member 240, as is visible in FIG. 13, which is
inserted into the through-passage orifice 236 and intended
for connecting the support strips 234 of two successive
adjacent pieces 204 to each other. In this example, the
assembling elements 206 further also includes a receiving
member 242 for receiving the coupling member 240, that is
integrally secured to a first support strip 234, and a rein-
forcing member 244, that is integrally secured to a second
support strip 234.

[0184] In this example, the coupling member 240 is a bolt.
By way of a variant, it is formed by a rivet or by another
member passing through the strips 234.

[0185] The receiving member 242 comprises a sleeve
disposed through the orifice 236 of the support strip 234 and
a retaining collar for retaining the sleeve 242, interposed
between the bottom layer 222 and top layer 226 of the sheet
202 at the level of the support strip 234.

[0186] The reinforcing member 244 is for example formed
by an eyelet surrounding the orifice 236 of the support strip
234 opposite the one that has the receiving member 242. The
eyelet is interposed between the bottom layer 222 and the
top layer 226 of the sheet 202.

[0187] In order to fasten the successive pieces 204, each
coupling member 240 is introduced into a receiving member
242 through the retaining member 244. The support strips
234 are thus then assembled to be one on top of the other.
[0188] The support ridge 216 thus then bears the coop-
eration ridge 218.

[0189] The lower segments 210 are then placed in contact
with one another, whereas a longitudinal clearance space
246 continues to exist between the upper segments 208. This
clearance space promotes the winding 246 of the elongate
body 40 over a barrel or a drum, while maintaining in
position the upper segments 208 to be directed towards the
barrel or the drum.

[0190] In order to fabricate the elongate body 40, each
piece 204 first needs to be produced. To this end, the upper
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segments 208 and lower segments 210 of each strip 200 are
fastened to the common sheet 202 so as to be parallel to each
other. The upper segments 208 and lower segments 210 are
axially offset in order to form respectively the lower support
ridge 216 and the upper cooperation ridge 218 at the
opposite extremities of the piece 204.

[0191] Thereafter, the successive pieces 204 are then
assembled to be joined to each other in series. The coupling
members 240 are inserted between the support strips 234
placed in contact with one another and cooperate with the
receiving members 242 in order to complete the assembly.
[0192] This ensures that the upper cooperation ridge 218
is maintained in contact with the lower support ridge 216.
The upper cooperation ridge 218 covers the assembling
elements 206, thus preventing thereby, the creation of ther-
mal bridges between the space situated beneath the elongate
body 40 and the space situated above the elongate body 40.
[0193] In addition, the staggered arrangement 208 of
upper segments and lower segments 210 limits the circula-
tion of water at the level of the junction. Advantageously, a
seal is introduced between the support strips 234 in order to
further improve the sealing of the assembly.

[0194] This having been done, the elongate body 40 is
wound over a barrel or over a drum. During this winding, the
interaction elements 42, 44 for interacting with the pipe 16
are introduced into the grooves 212 and the retaining mem-
bers 220 are put in place.

[0195] The putting in place of the elements 42, 44 during
the winding limits the stresses or strains that are applied to
these elements 42, 44, which reduces the risk of degradation
under the effect of the stresses or strains, in particular
following a plurality of windings/unwindings.

[0196] The setting in place of the cover 32 thus formed is
in addition analogous to that described previously. It is done
for example by means of a tensioner and/or a traction winch.
[0197] The presence of longitudinal hinge joints 230
between the strips 200 makes it possible for the cover 32 to
deform by rotation about the longitudinal axes in order to
conform and adhere as closely as possible to the form and
shape of the pipe 16, regardless of its size, as illustrated in
FIG. 10.

[0198] By way of one variant, the elongate body 40 is
integrally formed as one single piece, and not trough an
assembly of multiple pieces 204.

[0199] By way of another variant, the longitudinal strips
200 are axially discontinuous. The segments 208, 210 thus
then exhibit a shape of a “chocolate bar”.

1. A removable cover intended to be applied to be facing
a fluid transport pipe submerged in a body of water, com-
prising:

an elongate body, configured to be applied facing an outer

surface of the pipe;
at least one longitudinal interaction element for interact-
ing with the pipe, supported by the elongate body;

wherein the elongate body is reversibly deformable under
the effect of its own weight, the elongate body having
a length greater than 10 m.

2. The cover according to claim 1, wherein the elongate
body has a length that is greater than 100 m.

3. The cover according to claim 1, wherein the at least one
longitudinal interaction element for interacting with the pipe
is a longitudinal temperature measurement sensor for mea-
suring the temperature, borne by the elongate body.
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4. The cover according to claim 3, wherein the longitu-
dinal temperature measuring sensor extends over at least
90% of the length of the elongate body.

5. The cover according to claim 1, further comprising at
least one ballast element borne by the elongate body.

6. The cover according to claim 1, wherein the elongate
body is configured to be wound in a reversible manner over
a rotating storage.

7. The cover according to claim 1, further comprising at
least one longitudinal reinforcing armor borne by the elon-
gate body.

8. The cover according to claim 1, further comprising at
least one handle configured to be gripped by a remotely
operated underwater vehicle.

9. The cover according to claim 1, wherein the elongate
body comprises a thermally insulating material.

10. The cover according to claim 1, wherein the at least
one longitudinal interaction element for interacting with the
pipe is a longitudinal heater.

11. The cover according to claim 1, wherein the elongate
body comprises a plurality of adjacent strips longitudinally
hinged to each other, the at least one longitudinal interaction
element for interacting with the pipe being borne by a strip.

12. The cover according to claim 1, wherein at least one
of the strips delimits a lower groove for accommodating the
at least one longitudinal interaction element.

13. The cover according to claim 11, wherein each strip
comprises at least one lower segment, at least one upper
segment, the elongate body comprising a hinge joint dis-
posed between the at least one lower segment and the at least
one upper segment.

14. The cover according to claim 13, wherein the at least
one lower segment and the at least one upper segment have
lateral surfaces inclined towards one another.

15. The cover according to claim 13, wherein each strip
includes a plurality of lower segments, and a plurality of
upper segments, the hinge joint being formed on a common
intermediate sheet interposed between the plurality of lower
segments and the plurality of upper segments.

16. The cover according to claim 15, wherein the inter-
mediate sheet comprises a skirt projecting laterally relative
to the strips.

17. The cover according to claim 11, wherein the elongate
body comprises a plurality of pieces assembled to be lon-
gitudinally joined together, each piece of the plurality of
pieces defining a longitudinal support ridge for supporting
another piece of the plurality of pieces and a longitudinal
cooperation ridge for cooperating with the support ridge of
another piece of the plurality of pieces, the cover comprising
assembling elements for assembling the successive pieces of
the plurality of pieces therebetween.

18. An operating assembly disposed to be facing a fluid
transporting pipe submerged under a body of water, com-
prising:

at least one cover according to claim 1;

an activation, control and monitoring unit for activating,

controlling and monitoring the or each longitudinal
interaction element for interacting with the pipe, con-
nected to the or each cover.

19. The assembly according to claim 18, further compris-
ing a rotating storage, the cover being configured to be
wound and unwound in a reversible manner over the rotating
storage.
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20. An interaction method for interacting with a fluid
transport pipe disposed in a body of water, including the
steps of:

providing a cover according to claim 1;

placing the cover in the body of water facing an outer

surface of the fluid transport pipe;

activating the or each longitudinal interaction element,

and interacting the or each longitudinal interaction
element with the pipe.

21. The method according to claim 20, wherein the step
of placing the cover includes applying the cover on to the
outer surface of the fluid transport pipe, and spontaneously
deforming the cover so as to fittingly adapt to the shape of
the outer surface of the fluid transport pipe.

22. The method according to claim 20, wherein the pipe
is at least partially buried in the bed of the body of water, the
step of placing the cover further comprising applying the
cover on to a bearing surface situated at a distance away
from and facing the outer surface of the fluid transport pipe.

23. The cover according to claim 2, wherein the elongate
body has a length that is greater than 1 km.

24. The cover according to claim 10, wherein the longi-
tudinal heater comprises an electrical heating resistor.

25. The method according to claim 22, wherein the
bearing surface is situated on the bed of the body of water.

26. The method according to claim 20, wherein the step
of interacting the or each longitudinal interaction element
with the pipe comprises heating the pipe or measuring a
temperature of the pipe.

#* #* #* #* #*
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