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Description

[0001] The present invention relates to a detection ap-
paratus and method. In particular, the present invention
relates to a detection apparatus arranged to detect de-
fects within a flexible pipe body, and a method of detect-
ing defects of a flexible pipe body. Particular embodi-
ments relate to a pipeline apparatus comprising a flexible
pipe body and the detection apparatus, and a method of
forming such a pipeline apparatus.
[0002] Traditionally, flexible pipe is utilised to transport
production fluids, such as oil and/or gas and/or water,
from one location to another. Flexible pipe is particularly
useful in connecting a sub-sea location (which may be
deep underwater, say 1000 metres or more) to a sea
level location. The flexible pipe may have an internal di-
ameter of typically up to around 0.6 metres. Flexible pipe
is generally formed as an assembly of at least one flexible
pipe body and one or more end fittings. The flexible pipe
body is typically formed as a combination of layered ma-
terials that form a pressure-containing conduit. The pipe
structure allows large deflections without causing bend-
ing stresses that impair the flexible pipe’s functionality
over its lifetime. The pipe body is generally built up as a
combined structure including metallic and polymer lay-
ers.
[0003] In many known flexible pipe designs the pipe
body includes one or more pressure armour layers. The
primary load on such layers is formed from radial forces.
Pressure armour layers often have a specific cross sec-
tion profile to interlock so as to be able to maintain and
absorb radial forces resulting from outer or inner pressure
on the pipe. The cross sectional profile of the wound wires
which thus prevent the pipe from collapsing or bursting
as a result of pressure are sometimes called pressure-
resistant profiles. When pressure armour layers are
formed from helically wound wire forming hoop compo-
nents, the radial forces from outer or inner pressure on
the pipe cause the hoop components to expand or con-
tract, putting a tensile load on the wires.
[0004] In many known flexible pipe designs the pipe
body includes one or more tensile armour layers. The
primary loading on such a tensile armour layer is tension.
In high pressure applications, such as in deep and ultra-
deep water environments, the tensile armour layer ex-
periences high tension loads from a combination of the
internal pressure end cap load and the self-supported
weight of the flexible pipe. This can cause failure in the
flexible pipe since such conditions are experienced over
prolonged periods of time.
[0005] Unbonded flexible pipe has been used for deep
water (less than 3,300 feet (1,005.84 metres)) and ultra-
deep water (greater than 3,300 feet) developments. It is
the increasing demand for oil which is causing explora-
tion to occur at greater and greater depths where envi-
ronmental factors are more extreme. For example, in
such deep and ultra-deep water environments, ocean
floor temperature increases the risk of production fluids

cooling to a temperature that may lead to pipe blockage.
Increased depths also increase the pressure associated
with the environment in which the flexible pipe must op-
erate. As a result the need for high levels of performance
from the layers of the flexible pipe body is increased.
Flexible pipe may also be used for shallow water appli-
cations (for example less than around 500 metres depth)
or even for shore (overland) applications.
[0006] One way to improve the load response and thus
performance of armour layers is to manufacture the lay-
ers from thicker and stronger and thus more robust ma-
terials. For example, for pressure armour layers in which
the layers are often formed from wound wires with adja-
cent windings in the layer interlocking, manufacturing the
wires from thicker material results in the strength increas-
ing appropriately. However, as more material is used,
the weight of the flexible pipe increases. Ultimately the
weight of the flexible pipe can become a limiting factor
in using flexible pipe. Additionally manufacturing flexible
pipe using thicker and thicker material increases material
costs appreciably, which is also a disadvantage.
[0007] Regardless of measures taken to improve the
performance of armour layers within a pipe body, there
remains a risk of defects arising within a flexible pipe. A
defect may comprise damage to an outer wall of a flexible
pipe body resulting in seawater ingress into an annulus
within the pipe body such that seawater fills voids be-
tween the armour layer wires and other structural ele-
ments of the pipe. Armour layer wires and other structural
elements are typically manufactured from steel or other
metallic materials, which are vulnerable to accelerated
corrosion upon contact with seawater. If such a defect is
not detected promptly then the structural integrity of the
pipe body can be compromised. Detection of defects has
previously often required visual inspection of the pipe
body, which can be hazardous, particular for deep water
and ultra-deep water installations.
[0008] EP-0417061-A1 discloses a procedure for lo-
cating the true leakage point in a pipeline carrying a wet
medium uses an electrically conductive sensor line, laid
along the pipeline, to which an electrical supply source
of a measurement apparatus can be connected. Electri-
cal measurement parameters are measured at at least
two different times, including the parallel circuit of the
leakage resistance corresponding to the leakage point
and all the other additional leakage resistances, and the
leakage location corresponding to this value. US-
4922183-A discloses a system for detecting a fault, e.g.
a liquid leak from a pipe or vessel containing an electro-
lyte or a hydrocarbon. In one embodiment, the system
comprises a central unit and a plurality of sub-units; each
of the sub-units is powered in turn from a power source
in the central unit, and the sub-unit generates a signal
which is observed by the central unit and which identifies
the presence of a fault. In another embodiment, signals
generated by a detection system at different times are
compared and the decision whether to generate a fault
alarm is based on that comparison. In another embodi-
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ment the system (a) when there is no fault, is a monitoring
system which comprises a continuous loop which can be
tested to ensure continuity of the system, and which com-
prises a continuity connection, and (b) when a fault oc-
curs, is a test system in which the location (or other char-
acteristic) of the fault can be determined; there is a con-
stant current source in the continuity connection, and/or
the continuity connection is present in the test system as
well as the monitoring system and comprises a constant
current source in the test system.
[0009] The present invention consists of a pipeline ap-
paratus as defined in claim 1 and a method for detecting
defects within a flexible pipe body as defined in claim 6.
Certain embodiments of the invention provide the advan-
tage that a defect within a pipe body can be detected
without requiring periodic visual inspection. Defects can
then be repaired, or the pipe body replaced. Detectable
defects include a breach of the outer wall of a flexible
pipe and the ingress of seawater into a pipe body annu-
lus.
[0010] According to a first aspect of the present inven-
tion there is provided a pipeline apparatus comprising: a
flexible pipe body including a sensor member and a return
member extending at least partially along the length of
the flexible pipe body and electrically isolated from one
another except for being electrically connected at a point
remote from a first end of the flexible pipe body, wherein
the sensor member is exposed along at least part of the
length of the flexible pipe body and has a predetermined
resistance per unit length and the return member is elec-
trically insulated; a first constant current source having
a first terminal arranged to supply a constant electrical
current to the sensor member and a second terminal cou-
pled to the return member at the first end of the flexible
pipe body; and a first voltmeter arranged to measure the
voltage across the first current source; wherein a change
in the voltage across the first current source is indicative
of the distance along the sensor member from the end
coupled to the first terminal of the first current source to
a pipe body defect causing the sensor member to be
connected to Earth. According to a second aspect of the
present invention there is provided a method of detecting
defects within a flexible pipe body, the method compris-
ing: supplying electrical current from a first constant cur-
rent source to a sensor member and a return member
extending at least partially along the length of a flexible
pipe body and electrically isolated from one another ex-
cept for being electrically connected at a point remote
from the power supply, wherein the sensor member is
exposed along at least part of the length of the flexible
pipe body and has a predetermined resistance per unit
length and the return member is electrically insulated,
and wherein the first constant current source has a first
terminal arranged to supply a constant electrical current
to the sensor member and a second terminal coupled to
the return member at the first end of the flexible pipe
body; and measuring the voltage across the first current
source; wherein a change in the voltage across the first

current source is indicative of the distance along the sen-
sor member from the end coupled to the first terminal of
the first current source to a pipe body defect causing the
sensor member to be connected to Earth.
[0011] According to a third aspect of the present inven-
tion there is provided a method of forming a pipeline ap-
paratus, the method comprising: providing a flexible pipe
body including a sensor member and a return member
extending at least partially along the length of the flexible
pipe body and electrically isolated from one another ex-
cept for being electrically connected at a point remote
from a first end of the flexible pipe body, wherein the
sensor member is exposed along at least part of the
length of the flexible pipe body and has a predetermined
resistance per unit length and the return member is elec-
trically insulated; coupling a first terminal of a first con-
stant current source to the sensor member and a second
terminal of the first constant current source to the return
member at the first end of the flexible pipe body such that
it can supply a constant electrical current to the sensor
member; and coupling a first voltmeter to the first con-
stant current source such that it can measure the voltage
across the first current source; wherein a change in the
voltage across the first current source is indicative of the
distance along the sensor member from the end coupled
to the first terminal of the first current source to a pipe
body defect causing the sensor member to be connected
to Earth.
[0012] The pipe may be for high pressure use in oil and
gas extraction.
[0013] Embodiments of the invention are further de-
scribed hereinafter with reference to the accompanying
drawings, in which:

Figure 1 illustrates a flexible pipe body;

Figure 2 illustrates a riser assembly incorporating a
flexible pipe body;

Figure 3 illustrates a detection apparatus coupled to
a flexible pipe body in accordance with a first em-
bodiment of the present invention;

Figure 4 illustrates the detection apparatus and flex-
ible pipe body of Figure 3 in the event of a defect
which has caused a breach in a barrier layer within
the flexible pipe body; and

Figure 5 illustrates how the detection apparatus of
Figure 3 can detect pooling of liquid at a mid-water
arch within a flexible pipe body;

Figure 6 is a flowchart illustrating a method of de-
tecting and locating a breach in accordance with an
embodiment of the present invention using the de-
tection apparatus of Figures 3 and 4; and

Figure 7 illustrates a detection apparatus coupled to
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a flexible pipe body in accordance with a second
embodiment of the present invention.

[0014] In the drawings like reference numerals refer to
like parts.
[0015] Throughout this description, reference will be
made to a flexible pipe. It will be understood that a flexible
pipe is an assembly of a portion of a flexible pipe body
and one or more end fittings in each of which a respective
end of the pipe body is terminated. Fig. 1 illustrates how
pipe body 100 is formed in accordance with an embodi-
ment of the present invention from a combination of lay-
ered materials that form a pressure-containing conduit.
Although a number of particular layers are illustrated in
Fig. 1, it is to be understood that the present invention is
broadly applicable to coaxial pipe body structures includ-
ing two or more layers manufactured from a variety of
possible materials. It is to be further noted that the layer
thicknesses are shown for illustrative purposes only.
[0016] As illustrated in Figure 1, a pipe body includes
an optional innermost carcass layer 101. The carcass
provides an interlocked construction that can be used as
the innermost layer to prevent, totally or partially, collapse
of an internal pressure sheath 102 due to pipe decom-
pression, external pressure, and tensile armour pressure
and mechanical crushing loads. It will be appreciated that
certain embodiments of the present invention are appli-
cable to ’smooth bore’ operations (i.e. without a carcass)
as well as such ’rough bore’ applications (with a carcass).
[0017] The internal pressure sheath 102 acts as a fluid
retaining layer and comprises a polymer layer that en-
sures internal fluid integrity. It is to be understood that
this layer may itself comprise a number of sub-layers. It
will be appreciated that when the optional carcass layer
is utilised the internal pressure sheath is often referred
to by those skilled in the art as a barrier layer. In operation
without such a carcass (so-called smooth bore operation)
the internal pressure sheath may be referred to as a liner.
[0018] An optional pressure armour layer 103 is a
structural layer with a lay angle close to 90° that increases
the resistance of the flexible pipe to internal and external
pressure and mechanical crushing loads. The layer also
structurally supports the internal pressure sheath, and
typically consists of an interlocked construction.
[0019] The flexible pipe body also includes an optional
first tensile armour layer 105 and optional second tensile
armour layer 106. Each tensile armour layer is a structural
layer with a lay angle typically between 10° and 55°. Each
layer is used to sustain tensile loads and internal pres-
sure. The tensile armour layers are often counter-wound
in pairs.
[0020] The flexible pipe body shown also includes op-
tional layers of tape 104 which help contain underlying
layers and to some extent prevent abrasion between ad-
jacent layers.
[0021] The flexible pipe body also typically includes
optional layers of insulation 107 and an outer sheath 108,
which comprises a polymer layer used to protect the pipe

against penetration of seawater and other external envi-
ronments, corrosion, abrasion and mechanical damage.
[0022] Each flexible pipe comprises at least one por-
tion, sometimes referred to as a segment or section of
flexible pipe body 100 together with an end fitting located
at one end or both ends of the flexible pipe. An end fitting
provides a mechanical device which forms the transition
between the flexible pipe body and a connector. The dif-
ferent pipe layers as shown, for example, in Fig. 1 are
terminated in the end fitting in such a way as to transfer
the load between the flexible pipe and the connector.
[0023] Figure 2 illustrates a riser assembly 200 suitable
for transporting production fluid such as oil and/or gas
and/or water from a sub-sea location 201 to a floating
facility 202. For example, in Fig. 2 the sub-sea location
201 includes a sub-sea flow line 205. The flexible flow
line 205 comprises a flexible pipe, wholly or in part, rest-
ing on the sea floor 204 or buried below the sea floor and
used in a static application. The floating facility may be
provided by a platform and/or buoy or, as illustrated in
Figure 2, a ship. The riser assembly 200 is provided as
a flexible riser, that is to say a flexible pipe 203 connecting
the ship to the sea floor installation. The flexible pipe may
be in segments of flexible pipe body with connecting end
fittings. Figure 2 also illustrates how portions of flexible
pipe can be utilised as a flow line 205 or jumper 206. It
will be appreciated that there are different types of riser,
as is well-known by those skilled in the art. Embodiments
of the present invention may be used with any type of
riser, such as a freely suspended (free, catenary riser),
a riser restrained to some extent (buoys, chains), totally
restrained riser or enclosed in a tube (I or J tubes).
[0024] As noted above, defects in a flexible pipe body
can compromise the structural integrity of the pipe body.
In particular, a breach or rupture of an outer seawater
resistant layer can allow seawater ingress into the pipe
body annulus between an innermost barrier layer and
the outer seawater resistant layer. Alternatively, a breach
in an innermost barrier layer can permit production fluids
to enter the pipe body annulus. With reference to Figure
1 the outer seawater resistant layer may comprise the
polymer outer sheath 108 and the innermost barrier layer
may comprise the internal pressure sheath 102. The pipe
body annulus is occupied by metallic structural compo-
nents such as the tensile armour layers 105, 106 of Figure
1. Such components are frequently formed from steel or
other metals which are susceptible to rapid corrosion in
the presence of seawater or production fluids. There will
now be described embodiments of the present invention
which can detect a defect within a flexible pipe body which
causes a breach of an outer seawater resistant layer or
an innermost barrier layer of the pipe body.
[0025] Figure 3 illustrates a detection apparatus in ac-
cordance with a first embodiment of the present invention
coupled to a flexible pipe body. The detection apparatus
is arranged to detect a change to a flexible pipe body
which may indicate a defect (and in particular a pipe
breach allowing seawater or other fluids into the pipe
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body annulus). The detection apparatus may be coupled
to a warning system (not illustrated) arranged to provide
an output signal to an operator of the flexible pipe alerting
the operator to potential damage to the pipe. The output
signal may, for instance, be a visual or audible alarm.
[0026] The detection apparatus is arranged to detect
shorting of an electrical circuit to Earth when an exposed
wire comes into contact with fluid within the pipe annulus.
Specifically, as illustrated in Figure 3 flexible pipe body
300 is manufactured such that it includes a bare wire 302
extending at least partially along the length of the flexible
pipe body 300 within the pipe body annulus. The wire
302 extends to a first end 304 of the flexible pipe body
300 at which it can be coupled to the detection apparatus
306 after passing through a bore within an end fitting 308.
The end fitting 308 may be an Explosive Atmosphere
(ATEX) compliant barrier. It will be appreciated that more
generally the end fitting 308 may comprise an isolator,
with the equipment and /or circuitry for ensuring ATEX
compliance incorporated or applied elsewhere in the sys-
tem. In this instance the end fitting functions as an isolator
which isolates the detection apparatus in the pipe body
annulus from Earth allowing the system integrity to be
verified through the application of an voltmeter; if a cur-
rent is flowing there is a short-circuit in the system indi-
cating either fluid in the pipe or a problem with the system
itself. Furthermore information about the potential meas-
ured can be used to determine the nature and location
of a leak, as will be described below. Where there is ref-
erence to an end fitting in the remainder of this patent
specification this should be understood as alternatively
being an isolator. The wire 302 is electrically isolated
from metallic structural components of the pipe body, for
instance by spacing apart with insulating components,
but is arranged such that fluid entering the pipe annulus
can come into contact with the wire 302. The wire 302 is
arranged to pass through the end fitting 308 while re-
maining electrically isolated from the end fitting 308. In
the event of a breach causing fluid to come into contact
with the wire 302 and metallic structural elements within
the pipe annulus, a current passing through the wire 302
will short to the metallic structural elements which are in
turn connected to an Earth. This sinking of the current to
Earth can be detected by the detection apparatus 306,
as will be described below.
[0027] It will be appreciated that the wire 302 may be
more generally referred to as an electrically conductive
member extending at least partially along the length of a
flexible pipe body. The wire 302 may be a resistance wire
with a known resistance per metre. Preferably, the wire
302 is not insulated (at least within a detection zone, as
described below) to allow it to come into contact with
fluids within the pipe body annulus. Electrical isolation
can be achieved for a bare wire for instance by loosely
wrapping the wire in a spiral wound insulator such that it
is partially exposed along a spiral. Alternatively, the wire
may run within an open channel in a polymer support
extending along the pipe body. As discussed above, a

flexible pipe body is constructed from multiple metallic
structural elements, for instance the tensile armour wires
in layers 105, 106 of Figure 1. The metallic structural
elements are designed to satisfy purely mechanical prop-
erties of the structure of the pipe body. However, provided
at least one of the metallic components, for instance an
individual tensile armour wire, is electrically isolated by
an insulating medium, for instance the tape layers 104
of Fig. 1, then it may also be used to form the electrically
conductive member.
[0028] As shown in Figure 3, in accordance with the
first embodiment of the invention, the flexible pipe body
further includes a second wire 310 extending within the
pipe body annulus. The first and second wires 302, 310
are electrically coupled together at their furthest point
312 (or at some point along their length remote from the
detection apparatus 306). As for the first wire 302, the
second wire is electrically isolated as it passes through
the end fitting 308 to the detection apparatus 306. Col-
lectively, the first and second wires 302, 310 form a circuit
loop such that (at least in the absence of a breach) an
electrical current can pass through one wire and return
along the other. The second wire 310 differs from the first
wire 302 in that it is typically fully electrically insulated
along the whole of its length as indicated by insulation
layer 314. Even if the second wire 310 is exposed to a
fluid within the pipe annulus, the wire 310 is electrically
isolated from the fluid by its own insulation layer 314.
[0029] Although the wires 302, 310 are shown widely
spaced in Figure 3, in practice they may run together
through the pipe body annulus. In certain embodiments
the first and second wires 302, 310 may be wrapped to-
gether in the spiral insulator noted above or in a braided
insulator such that in the event of a breach, fluid can enter
the spiral insulation and come into contact with the first
wire 302 while the second wire 310 remains separately
insulated. As will be described in greater detail below,
the first wire 302 may have a known resistance per metre
which allows the location of a breach to be determined.
In contrast, there is no such constraint for the second
wire 310 which may be formed from substantially any
electrically conductive member (including, for instance,
an individual tensile armour wire, so long as it can be
fully insulated along its length).
[0030] Detection apparatus 306 is designed to provide
a yes / no indication of a pipe breach. The detection ap-
paratus 306 is designed to constantly monitor the pipe
body to detect the occurrence of a breach. Advanta-
geously, this requires only monitoring of a single param-
eter. It will be appreciated that certain embodiments of
the present invention may further include a controller or
processor coupled to various meters within the detection
apparatus 306 to monitor measured parameters. They
may further include memory for recording variation in a
measured parameter over time.
[0031] Referring again to Figure 3, to provide the initial
indication of a pipe breach, the detection apparatus com-
prises a first constant current source CC1 coupled to the
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first wire 302 so as to supply an electrical current to the
first wire 302. In the absence of a breach, as shown in
Figure 3, the current returns along the insulated second
wire 310 and through a first resistor R1. The first constant
current source CC1 is arranged to supply a constant cur-
rent to the first wire, and may, for instance, comprises a
constant current diode supply from a voltage source. In
the absence of a breach, the voltage across the first re-
sistor R1 as measure by a first voltmeter V1 is substan-
tially constant. This voltage is determined by the supplied
current from the first constant current source CC1 and a
potential divider formed by the cumulative resistance of
the first and second wires 302, 310 and the first resistor
R1. This voltage may be constantly monitored to detect
a breach indicated by a drop in the measured voltage. In
particular, a breach may be indicated by the voltage drop-
ping by more than a predetermined amount or dropping
below a threshold. This provides a failsafe monitor in that
disruption to the power supply will also cause the voltage
to drop which is detected, and may be investigated. It is
preferred to implement a detection apparatus that detects
the interruption of flow of a current, rather than one in
which current beginning to flow would indicate a breach
as the latter option would not allow component failure to
be detected.
[0032] Referring now also to Figure 4, in the event of
a breach, for instance partway along the wires 302, 310
as indicated by breach zone 316, the current supplied by
the first constant current source will sink to Earth (through
wire 302 being coupled by fluid in the breach zone 316
to metallic structural elements, or to the surrounding sea
water). This triggers a large drop in the voltage measured
across the first resistor R1. This may be used to trigger
an alarm, perhaps causing a visual inspection of the pipe
body to take place. When a breach is detected, in certain
embodiments the detection apparatus 306 is then ar-
ranged to detect the approximate location of the breach.
[0033] The first constant current source CC1, as noted
above, is arranged to supply a constant current even in
the event of a breach causing a short to Earth. Typically,
this constant current may be 2 mA. A second voltmeter
V2 is arranged to measure the voltage across the first
constant current source CC1, which will be substantially
constant in the absence of a breach. In the event of a
breach the voltage measured by voltmeter V2 will in-
crease owing to the reduced resistance between the first
constant current source CC1 and Earth. It will be appre-
ciated that monitoring for variation in the voltage meas-
ured by voltmeter V2 may also be used to initially detect
a breach. As a further alternative, a breach may be de-
tected for a detection circuit having a current source in
which the current varies by directly measuring the current
flowing in each wire 302, 310 at the point of connection
to the detection apparatus 306.
[0034] The voltage measured by V2 is used to calcu-
late the distance along the first wire 302 to the breach
zone 316, which is indicate by line 318 in Figure 4. This
is as a result of the first wire having a known resistance

per metre, for instance 2 Ω.m-1. The resistance of the
first wire between the first constant current source CC1
and the breach zone 316 is equal to the internal resist-
ance of the first constant current source CC1, which in
turn can be calculated through dividing the voltage meas-
ured by voltmeter V2 by the known constant current of
the first constant current source CC1. The distance to
the breach zone can then be calculated by dividing the
calculated resistance by the resistance per metre of the
first wire 302.
[0035] Additionally, when a breach is detected, the de-
tection apparatus 306 is arranged to calculate the dis-
tance indicated by line 320 from the point 312 at which
the first wire 302 is coupled to the second wire 310 (which
may be the far end of the pipe body 300 if the wire 302
travels the full length of the pipe body 300). To achieve
this, detection apparatus 306 further comprises a sub-
stantially identical second set of components arranged
to drive a constant current from a second constant current
source CC2 down the second wire 310 to return (if there
is no breach) via the first wire 302 and a second resistor
R2. Detection apparatus 306 further comprises first and
second diodes D1, D2 arranged to isolate each half of
the detection apparatus from one another. In alternative
embodiments of the invention there may be further di-
odes provided to isolate resistors R1 and R2. In order to
calculate distance 320 the first constant current source
CC1 is turned off and the second constant current source
CC2 is turned on. That is, the constant current sources
are driven alternately. In the event of a breach the current
from the second constant source CC2 sinks to Earth at
the end of the breach zone 316 furthest from the detection
apparatus 306. The voltage measured by voltmeter V4
can be used to calculate distance 320 given knowledge
of the resistance per metre of the first wire 302 and the
total resistance of the second wire 310 (if this is a signif-
icant amount).
[0036] It will be seen that the detection apparatus 306
includes a voltmeter V3 to measure the voltage across
second resistor R2. In certain embodiments, while con-
tinuously monitoring for a breach the first and second
current sources CC1, CC2 may be driven alternately in
order to reduce capacitive charging between the wires
302, 310. Reduction of the voltage measured by either
or both of voltmeters V1 and V3 during the respective
monitoring phases is indicative of a breach.
[0037] It can be seen that, advantageously, the present
invention allows not only the occurrence of a breach to
be detected, but also the location and extent of the breach
(the distance along first wire 302 from either end of the
wire 302 to the breach zone 316). This information may
be of great benefit when assessing the significance of a
breach and assessing whether to perform a visual in-
spection. Certain embodiments of the present invention
may result in location accuracy of 1 m or less even on
risers in ultra-deep water installations.
[0038] In certain embodiments the location of the first
wire 302 may be closely controlled within the pipe body
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annulus in order to prevent a small amount of conden-
sation from falsely indicating a pipe breach. Specifically,
the location of the first wire 302 may be controlled such
that it is maintained at least a predetermined distance
away from the nearest metallic structural component
along the full length of wire 302. This may be achieved
through the use of insulating spacers, for instance a spiral
wrap or braiding of an insulating material as described
above that allows fluid to enter through gaps between
consecutive spirals but which spaces the first wire apart
from surrounding metal structural components by at least
the thickness of the insulating material. Other suitable
techniques for routing sensor wires through a pipe body
annulus will be well known to the skilled person. Addi-
tionally, the relative spacing between the first and second
wires 302, 310 may be controlled to reduce capacitive
charging.
[0039] Advantageously, the detection apparatus 306
and the wires 302, 310 extending along the pipe body
300 are low cost components, certainly relative to known
techniques for detecting pipe breaches, such as fibre op-
tic based Distributed Temperature Sensing (DTS) and
visual inspection. Additionally, minimal data is collected
or needs to be monitored to detect a breach and then to
determine its location and extent. To detect a breach it
is only necessary to monitor a single voltage or current
(voltage across R1, R2, CC1 or CC2 or current returning
to the detection apparatus). Monitoring two or more pa-
rameters, particularly if alternative positive and negative
excitation is used, allows for redundancy. It is necessary
only to monitor for a predetermined change in a meas-
ured parameter or to perform a comparison to a thresh-
old. Advantageously, the first and second wires 302, 310
may be relative thin compared to the space available
within a pipe body annulus, such that they do not signif-
icantly interfere with the pipe body structure. The detec-
tion apparatus 306 may also be relatively compact, which
is desirable as space may be limited for instance at the
head of a flexible riser.
[0040] As will be apparent from the above discussion,
the detection apparatus 306 is able to determine the dis-
tance from each end of the pipe body 300 to the breach
zone 316. Specifically, the detection apparatus 306 is
able to determine the distance from each end of wire 302
to the first point along the wire which is shorted to Earth.
Advantageously, this allows a second breach to be de-
tected as the effect will be that the distance from one or
other end of wire 302 to the first point where the wire 302
is shorted to Earth will be reduced. Subsequent breaches
may be similarly detected so long as they occur closer
to one or other end of the wire 302 than an existing
breach. It will be apparent that in order to track a series
of breaches it is necessary to maintain a record of the
voltages across CC1 and CC2 as they change over time.
This will also allow a significant breach which causes the
pipe body annulus to fill up from the location of the breach
to be tracked over time.
[0041] In certain applications, and in particularly for ris-

ers, a sag bend in the flexible pipe body may be main-
tained for an extended period of time, or permanently. It
is possible that small amounts of moisture present within
the pipe body annulus may collect in a sag bend and
cause a short circuit of wire 302 to Earth. This may not
be indicative of a pipe breach, and may be tolerable. Ad-
vantageously, the detection apparatus 306 is able to de-
tect a pipe breach occurring away from the sag bend.
Additionally, a breach which occurs at the sag bend itself
is detectable once the pipe annulus has taken on a small
amount of additional fluid to cause the breach zone to
expand along the first wire in at least one direction. A
pipe body including a sag bend in which condensation
has pooled is illustrated in Figure 5. It can be seen that
fluid has pooled in in the sag bend as indicated by the
hashed lines in area 322. The pooled fluid 322 is suffi-
ciently extensive to cover part of the first wire 302, such
that the detection apparatus is able to determine distanc-
es 318 and 320 to the edges of the pooled fluid from each
end of the first wire 302.
[0042] Referring now to Figure 6, this illustrates in the
form of a flowchart a method of detecting and locating a
breach in accordance with an embodiment of the present
invention using the detection apparatus shown in Figure
3.
[0043] At step S500 the first constant current source
CC1 supplies a current to the first wire 302. At step S502
it is determined whether a breach is detected by moni-
toring for variation in the voltage across R1. If no breach
is detected the monitoring continues.
[0044] If a breach is detected, at step S504 the voltage
across CC1 is measured and at step S506 the distance
to the breach zone along the first wire 302 (distance 318)
is calculated. At step S508 the first constant current
source is switched off and current is supplied by the sec-
ond constant current source CC2. At step S510 the volt-
age across CC2 is measured and at step S512 the dis-
tance to the breach zone along the first wire 302 (distance
320) is calculated.
[0045] In accordance with a further embodiment of the
present invention there may be provided multiple detec-
tion apparatuses each connected to a separate pair of
wires within a single pipe body. Specifically, each detec-
tion apparatus and pair of wires may be arranged to de-
tect breaches within detection zones (portions of the pipe
body), which may or may not overlap with other sepa-
rately monitored detection zones. By providing multiple
sets this can provide redundancy in case of wire failure.
Additionally, by providing multiple sets monitoring sepa-
rate detection zones the approximate location of a breach
can be rapidly determined as soon as there is a change
in a measured parameter. To monitor only a detection
zone comprising a portion of a pipe body remote from
the end of the pipe body where the detection apparatus
is mounted it is necessary to insulate the first wire 302
from that end until the desired detection zone is reached.
[0046] In accordance with a further embodiment of the
present invention the first and second resistors R1, R2
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may be omitted. In place a breach may be detected solely
by monitoring the voltage developed across the constant
current sources CC1, CC2 or by measuring current flow-
ing in one or both wires 302, 310. It will be understood
each option indicates if there is a variation in the current
returning to the detection apparatus compared within the
current supplied to a wire. Specifically, monitoring for var-
iation in the voltage across a constant current source
detects an increase in current flow due to the return cur-
rent path being superseded by the flow to Earth.
[0047] It will be appreciated that the detection appara-
tus 306 may be further simplified for detecting a breach
and the location of the breach from one end of the pipe
body by providing only one constant current source
(which would also allow the diodes D1, D2 to be dis-
pensed with. However, such a simplified detection appa-
ratus would not be able to determine the extent of the
breach zone along the pipe body and would not be able
to detect further breaches if they occur on the opposite
side of a first breach from the detection apparatus.
[0048] The embodiments of the invention described
above have focussed on the use of a DC constant current
source (or a pair of DC constant current sources), though
it will be appreciated that the present invention is not
limited to this. In an alternative embodiment the detection
apparatus may be replaced with an AC current source
coupled between the first and second wires. Variation in
the voltage across the AC current source is indicative of
a breach. The voltage across the AC current source in
each half cycle in the event of a breach will be indicative
of the distance to the breach zone from either end of the
first wire. It will be appreciated that the use of an AC
constant current source involves a more complex detec-
tion circuit. Alternatively, using the detection apparatus
shown in Figures 3 and 4 and AC detection apparatus
may be achieved by switching the monitoring circuit at
regular intervals, that is by alternately energising the first
and second current sources CC1 and CC2. Advanta-
geously, the use of alternating current may reduce po-
larisation build-up of certain liquids within the pipe body
annulus, for instance seawater. Alternately energising
the first and second current sources CC1 and CC2 would
not require modification to the remainder of the detection
apparatus shown in Figures 3 and 4.
[0049] Referring to Figure 7, in accordance with a fur-
ther embodiment of the present invention a third wire 700
may be provided extending along the length of the pipe
body. Figure 7 is generally the same as Figure 4, except
for the additional wire 700 and further components within
the detection apparatus 702, as will now be described.
This third wire 700 is not insulated, as for the first wire
302, and is isolated from surrounding metallic structural
components. The first 302 and third 700 wires may be
placed close to one another such that in the event of a
pipe breach in breach zone 316 the first 302 and third
700 wires are electrically coupled.
[0050] The principle of operation of the third wire 700
will be now be described. Under normal operation switch

S1 is closed and the system operates as described above
in connection with Figure 3. When a small breach event
occurs or water starts to condense and collect in the an-
nulus of the pipe body, such as a bead of seawater or
otherwise conducting water inside the sensing cable
structure the sensing current passes into the third wire
700, which is connected to Earth through the end fitting
308 (in the same way that for the system of Figure 3 the
sensing current passes to Earth through metallic struc-
tural components within the pipe body annulus. V1 de-
tects a change in voltage across R1 and S1 is switched
over to connect to voltmeter V5, the other side of which
is connected to the negative (Earthed) terminal of current
source CC2. The voltage detected by voltmeter V5 is a
direct measure of the location of the area of water detec-
tion. The wire 302 acts as a potentiometer and seawater
ingress into the cable acts as the slider of the potentiom-
eter. It will be appreciated that this method of detecting
the location of the breach zone 316 may be in addition
to the method described above in connection with Figure
4, which advantageously further allows the size of the
breach zone to be detected. The third cable 700 can also
be used to calibrate the cable before installation by simply
shorting wires 700 and 302 at some point along the length
of the pipe body.
[0051] With the above-described arrangement defects
including breaches of an outer seawater resistant layer
or an innermost barrier layer of a pipe body can be de-
tected in a timely manner, allowing further inspection,
and if necessary maintenance, to take place.
[0052] It will be further apparent that the detection ap-
paratuses described above may be used in combination
with other known types of detection apparatus either for
reasons of resilience or to reduce the need for continuous
operation of more computationally intensive detection
apparatuses.

Claims

1. A pipeline apparatus comprising:

a flexible pipe body (300) including a sensor
member (302) and a return member (310) ex-
tending at least partially along the length of the
flexible pipe body (300) and electrically isolated
from one another except for being electrically
connected at a point remote from a first end
(304) of the flexible pipe body (300), wherein the
sensor member (302) is exposed along at least
part of the length of the flexible pipe body (300)
and has a predetermined resistance per unit
length and the return member (310) is electri-
cally insulated;
an end fitting coupled to at least said first end of
the flexible pipe body;
a detection apparatus coupled to the end fitting;
the detection apparatus comprising:
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a first constant current source (CC1) having
a first terminal arranged to supply a constant
electrical current to the sensor member
(302) and a second terminal coupled to the
return member (310) at the first end of the
flexible pipe body (300); and
a voltmeter (V2) arranged to measure the
voltage across the first current source
(CC1);

wherein a change in the voltage across the first
current source (CC1) is indicative of the distance
along the sensor member (302) from the end
coupled to the first terminal of the first current
source (CC1) to a pipe body defect causing the
sensor member (302) to be connected to Earth.

2. A pipeline apparatus according to claim 1, wherein
the sensor member (302) and the return member
(310) are positioned within a pipe body annulus be-
tween an innermost barrier layer and an outermost
barrier layer.

3. A pipeline apparatus according to claim 2, wherein
the sensor member (302) and the other electrical
member (310) comprise wires;
wherein the flexible pipe body (300) further compris-
es at least one metallic structural element connected
to Earth; and
wherein the sensor member (302) is arranged such
that if a pipe body defect admits fluid into the pipe
body annulus, fluid between the sensor member
(302) and a metallic structural element causes the
sensor member (302) to be connected to Earth.

4. A pipeline apparatus according to claim 1, further
comprising:

a second constant current source (CC2) having
a first terminal arranged to supply a constant
current to the return member (310) and a second
terminal coupled to the sensor member (302);
and a further voltmeter (V4) arranged to meas-
ure the voltage across the second current
source (CC2);
wherein a change in the voltage across the sec-
ond current source (CC2) is indicative of the dis-
tance along the sensor member (302) from the
end coupled to the first terminal of the second
current source (CC2) to the pipe body defect
causing the sensor member (302) to be connect-
ed to Earth.

5. A pipeline apparatus according to claim 4, wherein
the first and second current sources (CC1, CC2) are
arranged such that only one supplies current to the
sensor members (302) or the return member (310)
at a time; and

wherein each current source (CC1, CC2) is electri-
cally isolated from the other.

6. A method of detecting defects within a flexible pipe
body (300) according to the pipeline apparatus of
claim 1, the method comprising:

supplying electrical current from a first constant
current source (CC1) to a sensor member (302)
and a return member (310) extending at least
partially along the length of a flexible pipe body
(300) and electrically isolated from one another
except for being electrically connected at a point
remote from the power supply (CC1), wherein
the sensor member (302) is exposed along at
least part of the length of the flexible pipe body
(300) and has a predetermined resistance per
unit length and the return member (310) is elec-
trically insulated, and wherein the first constant
current source (CC1) has a first terminal ar-
ranged to supply a constant electrical current to
the sensor member (302) and a second terminal
coupled to the return member (310) at the first
end of the flexible pipe body (300); and
measuring the voltage across the first current
source (CC1);
wherein a change in the voltage across the first
current source (CC1) is indicative of the distance
along the sensor member (302) from the end
coupled to the first terminal of the first current
source (CC1) to a pipe body defect causing the
sensor member (302) to be connected to Earth.

7. A method of forming a pipeline according to claim 1,
the method comprising:

providing a flexible pipe body (300) including a
sensor member (302) and a return member
(310) extending at least partially along the length
of the flexible pipe body (300) and electrically
isolated from one another except for being elec-
trically connected at a point remote from a first
end of the flexible pipe body (300), wherein the
sensor member (302) is exposed along at least
part of the length of the flexible pipe body (300)
and has a predetermined resistance per unit
length and the return member (310) is electri-
cally insulated;
coupling a first terminal of a first constant current
source (CC1) to the sensor member (302) and
a second terminal of the first constant current
source (CC1) to the return member (310) at the
first end of the flexible pipe body (300) such that
it can supply a constant electrical current to the
sensor member (302); and
coupling a first voltmeter (V2) to the first constant
current source (CC1) such that it can measure
the voltage across the first current source (CC1);
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wherein a change in the voltage across the first
current source (CC1) is indicative of the distance
along the sensor member (302) from the end
coupled to the first terminal of the first current
source (CC1) to a pipe body defect causing the
sensor member (302) to be connected to Earth.

Patentansprüche

1. Rohrleitungsvorrichtung, umfassend:

einen flexiblen Rohrkörper (300), einschließlich
eines Sensorelements (302) und eines Rück-
führelements (310), das sich mindestens teil-
weise entlang der Länge des flexiblen Rohrkör-
pers (300) erstreckt und voneinander elektrisch
isoliert ist, außer dass es an einer Stelle entfernt
von einem ersten Ende (304) des flexiblen Rohr-
körpers (300) elektrisch verbunden ist, wobei
das Sensorelement (302) entlang mindestens
eines Teils der Länge des flexiblen Rohrkörpers
(300) freiliegt und einen vorbestimmten Wider-
stand pro Längeneinheit aufweist und das Rück-
führelement (310) elektrisch isoliert ist;
ein Endanschlusselement, das mit mindestens
dem ersten Ende des flexiblen Rohrkörpers ge-
koppelt ist; eine Erfassungsvorrichtung, die mit
dem Endanschlusselement gekoppelt ist; die
Erfassungsvorrichtung umfassend:

eine erste Konstantstromquelle (CC1), die
einen ersten Anschluss aufweist, der ange-
ordnet ist, um dem Sensorelement (302) ei-
nen elektrischen Konstantstrom zuzufüh-
ren, und einen zweiten Anschluss, der mit
dem Rückführelement (310) an dem ersten
Ende des flexiblen Rohrkörpers (300) ge-
koppelt ist; und
einen Spannungsmesser (V2), der zum
Messung der Spannung an der ersten
Stromquelle (CC1) angeordnet ist;

wobei eine Änderung in der Spannung an der
ersten Stromquelle (CC1) indikativ für den Ab-
stand entlang des Sensorelements (302) von
dem Ende, das mit dem ersten Anschluss der
ersten Stromquelle (CC1) gekoppelt ist, bis zu
einem Rohrkörperdefekt ist, der bewirkt, dass
das Sensorelement (302) mit Masse verbunden
wird.

2. Rohrleitungsvorrichtung nach Anspruch 1, wobei
das Sensorelement (302) und das Rückführelement
(310) innerhalb eines Rohrkörperrings zwischen ei-
ner innersten Sperrschicht und einer äußersten
Sperrschicht angeordnet sind.

3. Rohrleitungsvorrichtung nach Anspruch 2, wobei
das Sensorelement (302) und das andere elektri-
sche Element (310) Drähte umfassen;
wobei der flexible Rohrkörper (300) ferner mindes-
tens ein metallisches Strukturelement umfasst, das
mit Masse verbunden ist; und
wobei das Sensorelement (302) angeordnet ist,
dass, wenn ein Rohrkörperdefekt Fluid in den Rohr-
körperringraum einlässt, Fluid zwischen dem Sen-
sorelement (302) und einem metallischen Struktur-
element bewirkt, dass das Sensorelement (302) mit
Masse verbunden wird.

4. Rohrleitungsvorrichtung nach Anspruch 1, ferner
umfassend:

eine zweite Konstantstromquelle (CC2), die ei-
nen ersten Anschluss, der angeordnet ist, dass
um dem Rückführelement (310) einen Konstant-
strom zuzuführen, und einen zweiten An-
schluss, der mit dem Sensorelement (302) ge-
koppelt ist, aufweist; und
einen weiteren Spannungsmesser (V4), der
zum Messen der Spannung an der zweiten
Stromquelle (CC2) angeordnet ist;
wobei eine Änderung in der Spannung an der
zweiten Stromquelle (CC2) indikativ für den Ab-
stand entlang des Sensorelements (302) von
dem Ende, das mit dem ersten Anschluss der
zweiten Stromquelle (CC2) gekoppelt ist, bis zu
dem Rohrkörperdefekt ist, der bewirkt, dass das
Sensorelement (302) mit Masse verbunden
wird.

5. Rohrleitungsvorrichtung nach Anspruch 4, wobei die
erste und die zweite Stromquelle (CC1, CC2) ange-
ordnet sind, sodass nur jeweils eine Strom zu den
Sensorelementen (302) oder dem Rückführelement
(310) zuführt; und
wobei jede Stromquelle (CC1, CC2) elektrisch von
der anderen isoliert ist.

6. Verfahren zum Erfassen von Defekten innerhalb ei-
nes flexiblen Rohrkörpers (300) gemäß der Rohrlei-
tungsvorrichtung nach Anspruch 1, das Verfahren
umfassend:

Zuführen von elektrischem Strom von einer ers-
ten Konstantstromquelle (CC1) zu einem Sen-
sorelement (302) und einem Rückführelement
(310), die sich mindestens teilweise entlang der
Länge eines flexiblen Rohrkörpers (300) erstre-
cken und voneinander elektrisch isoliert sind,
außer dass sie an einer Stelle entfernt von der
Stromversorgung (CC1) elektrisch verbunden
sind, wobei das Sensorelement (302) entlang
mindestens eines Teils der Länge des flexiblen
Rohrkörpers (300) freiliegt und einen vorbe-
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stimmten Widerstand pro Längeneinheit auf-
weist und das Rückführelement (310) elektrisch
isoliert ist, und wobei die erste Konstantstrom-
quelle (CC1) einen ersten Anschluss, der ange-
ordnet ist, um dem Sensorelement (302) einen
konstanten elektrischen Strom zuführt, und ei-
nen zweiten Anschluss, der an dem ersten Ende
des flexiblen Rohrkörpers (300) mit dem Rück-
führelement (310) gekoppelt ist, aufweist; und
Messen der Spannung an der ersten Stromquel-
le (CC1);
wobei eine Änderung in der Spannung an der
ersten Stromquelle (CC1) indikativ für den Ab-
stand entlang des Sensorelements (302) von
dem Ende, das mit dem ersten Anschluss der
ersten Stromquelle (CC1) gekoppelt ist, bis zu
einem Rohrkörperdefekt ist, der bewirkt, dass
das Sensorelement (302) mit Masse verbunden
wird.

7. Verfahren zum Bilden einer Rohrleitung nach An-
spruch 1, das Verfahren umfassend:

Bereitstellen eines flexiblen Rohrkörpers (300),
einschließlich eines Sensorelements (302) und
eines Rückführelements (310), die sich mindes-
tens teilweise entlang der Länge des flexiblen
Rohrkörpers (300) erstrecken und voneinander
elektrisch isoliert sind, außer dass sie an einer
Stelle entfernt von einem ersten Ende des fle-
xiblen Rohrkörpers (300) elektrisch verbunden
sind, wobei das Sensorelement (302) entlang
mindestens eines Teils der Länge des flexiblen
Rohrkörpers (300) freiliegt und einen vorbe-
stimmten Widerstand pro Längeneinheit auf-
weist und das Rückführelement (310) elektrisch
isoliert ist;
Koppeln eines ersten Anschlusses einer ersten
Konstantstromquelle (CC1) mit dem Sensorele-
ment (302) und eines zweiten Anschlusses der
ersten Konstantstromquelle (CC1) mit dem
Rückführelement (310) an dem ersten Ende des
flexiblen Rohrkörpers (300), sodass sie einen
konstanten elektrischen Strom zu dem Sensor-
element (302) zuführen kann; und
Koppeln eines ersten Spannungsmessers (V2)
mit der ersten Konstantstromquelle (CC1), so-
dass er die Spannung an der ersten Stromquelle
(CC1) messen kann;
wobei eine Änderung in der Spannung an der
ersten Stromquelle (CC1) indikativ für den Ab-
stand entlang des Sensorelements (302) von
dem Ende, das mit dem ersten Anschluss der
ersten Stromquelle (CC1) gekoppelt ist, bis zu
einem Rohrkörperdefekt ist, der bewirkt, dass
das Sensorelement (302) mit Masse verbunden
wird.

Revendications

1. Appareil de pipeline comprenant :

un corps de tuyau souple (300) comprenant un
élément capteur (302) et un élément de retour
(310) s’étendant au moins partiellement le long
de la longueur du corps de tuyau souple (300)
et étant isolé électriquement l’un de l’autre sauf
pour être raccordé électriquement au niveau
d’un point distant d’une première extrémité
(304) du corps de tuyau souple (300), ledit élé-
ment capteur (302) étant exposé le long d’au
moins une partie de la longueur du corps de
tuyau souple (300) et possédant une résistance
prédéfinie par unité de longueur et l’élément de
retour (310) étant isolé électriquement ;
un raccord d’extrémité couplé à au moins ladite
première extrémité du corps de tuyau souple ;
un appareil de détection couplé au raccord
d’extrémité ; l’appareil de détection
comprenant :

une première source de courant constant
(CC1) possédant une première borne agen-
cée pour fournir un courant électrique cons-
tant à l’élément capteur (302) et une secon-
de borne couplée à l’élément de retour (310)
au niveau de la première extrémité du corps
de tuyau souple (300) ; et
un voltmètre (V2) agencé pour mesurer la
tension aux bornes de la première source
de courant (CC1) ;
une variation de la tension aux bornes de
la première source de courant (CC1) indi-
quant la distance le long de l’élément cap-
teur (302) à partir de l’extrémité couplée à
la première borne de la première source de
courant (CC1) jusqu’à un défaut de corps
de tuyau amenant le capteur élément (302)
à être raccordé à la terre.

2. Appareil de pipeline selon la revendication 1, ledit
élément capteur (302) et ledit élément de retour
(310) étant positionnés à l’intérieur d’un anneau de
corps de tuyau entre une couche barrière la plus
interne et une couche barrière la plus externe.

3. Appareil de pipeline selon la revendication 2, ledit
élément capteur (302) et ledit autre élément électri-
que (310) comprenant des fils métalliques ;
ledit corps de tuyau souple (300) comprenant en
outre au moins un élément structurel métallique rac-
cordé à la terre ; et
ledit élément capteur (302) étant agencé de sorte
que si un défaut de corps de tuyau laisse entrer du
fluide dans l’anneau de corps de tuyau, le fluide entre
l’élément de capteur (302) et un élément structurel
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métallique amène l’élément capteur (302) à être rac-
cordé à la terre.

4. Appareil de pipeline selon la revendication 1, com-
prenant en outre :

une seconde source de courant constant (CC2)
possédant une première borne agencée pour
fournir un courant constant à l’élément de retour
(310) et une seconde borne couplée à l’élément
capteur (302) ; et
un voltmètre supplémentaire (V4) agencé pour
mesurer la tension aux bornes de la seconde
source de courant (CC2) ;
une variation de la tension aux bornes de la se-
conde source de courant (CC2) indiquant la dis-
tance le long de l’élément capteur (302) à partir
de l’extrémité couplée à la première borne de la
seconde source de courant (CC2) jusqu’au dé-
faut de corps de tuyau amenant le capteur élé-
ment (302) à être raccordé à la terre.

5. Appareil de pipeline selon la revendication 4, lesdites
première et seconde sources de courant (CC1, CC2)
étant agencées de sorte qu’une seule à la fois four-
nisse du courant aux éléments capteurs (302) ou à
l’élément de retour (310) ; et
chaque source de courant (CC1, CC2) étant électri-
quement isolée de l’autre.

6. Procédé de détection de défauts à l’intérieur d’un
corps de tuyau souple (300) selon l’appareil de pi-
peline selon la revendication 1, le procédé
comprenant :

la fourniture d’un courant électrique à partir
d’une première source de courant constant
(CC1) à un élément capteur (302) et à un élé-
ment de retour (310) s’étendant au moins par-
tiellement le long de la longueur d’un corps de
tuyau souple (300) et électriquement isolés l’un
de l’autre sauf pour être raccordé électrique-
ment au niveau d’un point distant de l’alimenta-
tion électrique (CC1), ledit élément capteur
(302) étant exposé le long d’au moins une partie
de la longueur du corps de tuyau souple (300)
et possédant une résistance prédéfinie par unité
de longueur et ledit élément de retour (310) étant
électriquement isolé, et ladite première source
de courant constant (CC1) possédant une pre-
mière borne agencée pour fournir un courant
électrique constant à l’élément capteur (302) et
une seconde borne couplée à l’élément de re-
tour (310) au niveau de la première extrémité
du corps de tuyau souple (300) ; et
la mesure de la tension aux bornes de la pre-
mière source de courant (CC1) ;
une variation de la tension aux bornes de la pre-

mière source de courant (CC1) indiquant la dis-
tance le long de l’élément capteur (302) à partir
de l’extrémité couplée à la première borne de la
première source de courant (CC1) jusqu’à un
défaut de corps de tuyau amenant le capteur
élément (302) à être raccordé à la terre.

7. Procédé de formation d’un pipeline selon la reven-
dication 1, le procédé comprenant :

la fourniture d’un corps de tuyau souple (300)
comprenant un élément capteur (302) et un élé-
ment de retour (310) s’étendant au moins par-
tiellement le long de la longueur du corps de
tuyau souple (300) et isolés électriquement l’un
de l’autre, sauf pour être raccordés électrique-
ment au niveau d’un point distant d’une première
extrémité du corps de tuyau souple (300), ledit
élément capteur (302) étant exposé le long d’au
moins une partie de la longueur du corps de
tuyau souple (300) et possédant une résistance
prédéfinie par unité de longueur et ledit élément
de retour (310) étant isolé électriquement ;
le couplage d’une première borne d’une premiè-
re source de courant constant (CC1) à l’élément
capteur (302) et d’une seconde borne de la pre-
mière source de courant constant (CC1) à l’élé-
ment de retour (310) au niveau de la première
extrémité du corps de tuyau souple (300) de sor-
te qu’il puisse fournir un courant électrique cons-
tant à l’élément capteur (302) ; et
le couplage d’un premier voltmètre (V2) à la pre-
mière source de courant constant (CC1) de sor-
te qu’il puisse mesurer la tension aux bornes de
la première source de courant (CC1) ;
une variation de la tension aux bornes de la pre-
mière source de courant (CC1) indiquant la dis-
tance le long de l’élément capteur (302) à partir
de l’extrémité couplée à la première borne de la
première source de courant (CC1) jusqu’à un
défaut de corps de tuyau amenant le capteur
élément (302) à être raccordé à la terre.
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