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(57) ABSTRACT

The present invention proposes a split clamp (7), typical of
trepanning operations in pipes, which allows the interven-
tion with a tool (3) that makes a circular hole in the pipe (1)
under analysis, removing layer by layer, until reaching the
pressure barrier (2). With this, a sample of the layer of inter-
est is removed to be forwarded for analysis. Such a clamp
(7) has means to isolate the pipe (1) from the external envir-
onment, introduce the tool (3) and remove the same with the
sample, also allowing tightness repair of the pipe (1).
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METHOD AND DEVICE FOR SAMPLING
PRESSURE BARRIER OF FLEXIBLE PIPES

FIELD OF THE INVENTION

[0001] The present invention is related to the field of flex-
ible pipes. More precisely, the invention applies to any pipe
that operates at temperatures higher than the design ones and
which is close to the end of its service life; or even those that
have exceeded the design life, even without the limit tem-
perature having been disrespected.

DESCRIPTION OF THE STATE OF THE ART

[0002] Flexible pipes are often subjected to higher tem-
peratures than those predicted in the design, or even for a
longer period of time than originally expected. There are
standards that allow an evaluation of the degradation of
the pressure barrier, the polymeric layer responsible for the
tightness of the pipe. However, frequently, these estimates
are based on temperatures that are not precisely determined,
which ends up favoring the adoption of safety factors and
very conservative decisions, leading, in some cases, to the
condemnation of pipes that could continue operating.
[0003] The used Technical Recommendation (API 17
TR2) is based on time, temperature, and composition of
transported fluids, variables that are often the result of simu-
lations and carry many uncertainties. As a result, it is com-
mon to use very conservative safety factors, which penalizes
the analysis and even prematurely condemns pipes.

[0004] Document CN213563039U addresses to a PVC
pipe opening equipment which, when drilling, prevents the
tubular product from bending. The device has a work table,
which is fixed with a plurality of support plates provided
with through holes. The equipment carries out a fast drilling,
a fast locating of the drilling position, improves the drilling
efficiency, reduces the operator’s labor intensity, is sup-
ported at the drilling position, and prevents the pipe from
producing bending deformation.

[0005] Document CN210452924U discloses a device for
opening and positioning tubes. The device has a positioning
tube, a positioning assembly for determining the location of
the opening in the tube, and an adjustment assembly for
directing rotation of the positioning assembly.

[0006] Document CN210414228U discloses an adjustable
fastening device for openings in pipes. Said fastening device
includes a first fastening plate and a second fastening plate.
The first fastening plate and the second fastening plate have
the same structure and both are used together. The fastening
assembly is supplied with a positioning component for fas-
tening the tube. The tube to be processed is provided with
fastening holes adapted to positioning holes.

[0007] The mentioned anteriorities discloses devices used
in trepanning or opening holes in pipes. However, none of
these documents discloses a device that is capable of drilling
a hole in a flexible pipe and removing a layer of interest for
sampling.

[0008] In face of the difficulties present in the state of the
art, and for flexible pipe pressure barrier sampling solutions,
there is a need of developing a technology capable of per-
forming effectively and that is in accordance with environ-
mental and safety guidelines. The works found do not have
the unique features of this invention, which will be pre-
sented in detail below.
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OBJECTIVE OF THE INVENTION

[0009] It is an objective to enable the recovery of samples
from the layer related to the pressure barrier of a flexible
pipe for structural integrity analysis and to restore its oper-
ability at the end.

BRIEF DESCRIPTION OF THE INVENTION

[0010] The present invention proposes a split clamp, typi-
cal of trepanning operations in pipes, which allows the inter-
vention with a tool that makes a circular hole in the pipe
under evaluation, removing layer by layer, until reaching
the pressure barrier. With this, a sample is taken from the
layer of interest to be forwarded for analysis. The clamp
has means to isolate the pipe from the external environment,
introduce the tool, and remove the same with the sample,
further allowing the pipe tightness repair. The removed sam-
ple allows the accurate determination of the degradation
level and the degradation profile along the thickness of the
layer that is the “weakness” of the flexible pipe structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will be described in more
detail below, with reference to the attached figures which,
in a schematic way and not limiting the inventive scope,
represent examples of its embodiment. In the drawings,
there are:

[0012] FIG. 1 illustrating the view in longitudinal section
of a flexible pipe (1);

[0013] FIG. 2 illustrating the cut with a cup saw, including
the following elements: outer layer, thermal insulation, if
present, and layers of metallic wires, after depressurizing
and cleaning the pipe;

[0014] FIG. 3 illustrating the cut of the last layer with a
circular knife, without damaging the inner shell and with a
means for recovering the sample to be analyzed;

[0015] FIG. 4 illustrating the insertion of the repair device

4);
[0016] FIG. 5 illustrating the expansion of the repair
device (4);

[0017] FIG. 6 illustrating the filling of the space to be
sealed and over which a metallic belt will be positioned to
withstand the internal pressure;

[0018] FIG. 7 illustrating the split clamp (7);

[0019] FIG. 8 illustrating the socket present in the split
clamp (7);

[0020] FIG. 9 illustrating the final clamp (10).

DETAILED DESCRIPTION OF THE INVENTION

[0021] There follows below a detailed description of a
preferred embodiment of the present invention, by way of
example and in no way limiting. Nevertheless, it will be
clear to a technician skilled on the subject, from reading
this description, possible additional embodiments of the pre-
sent invention still comprised by the essential and optional
features below.

[0022] The invention has a split clamp (7), shown in FIG.
7, typical of trepanning operations in pipes, which allows
the intervention with a tool (3) that makes a circular hole
in the pipe (1) under analysis (FIG. 2). The tool (3) removes
layer by layer, and it is desirable to have a magnetized com-
ponent so that it can easily recover the pieces of metallic
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wires that will be extracted, these wires composed of carbon
steel. The tool (3) advances cutting until it reaches the pres-
sure barrier, as shown in FIG. 2. This allows the removal of
a sample of the polymeric layer (2) to be sent for analysis,
which depends on the material of the barrier.

[0023] The split clamp (7) has means to isolate the pipe (1)
from the external environment, introduce the tool (3), and
remove the same with the layer sample (2), also allowing
repair of the tightness of the pipe (1), before it returns to
normal operation. After recovering the sample to be ana-
lyzed, that is, a circular sample of the pressure barrier (2),
this can be sent for analysis, for accurate determination of
the level of degradation and the profile of degradation along
its thickness, important information to guarantee the integ-
rity condition of the pipe.

[0024] The equipment must be operable by ROV or by a
diver, who will couple the split clamp (7) to the pipe (1), at
the point where the sample must be obtained, preferably in
the vicinity of the end connector near the Christmas tree,
which is where the temperature is highest and, therefore,
where the material to be analyzed is expected to be most
degraded. In the split clamp (7), there must be a branch
with a flange (FIG. 8), which can be provided with a quick
coupling device to fix the cutting equipment, carrying the
cutting tool (3), finishing knife (8) and sample collection
tool (sample extractor) (9).

[0025] The pipe (1), object of the evaluation, must be in
production shutdown, depressurized and, preferably, clean,
through the circulation of water and pigs. The cutting tool
(cup-saw type) (3) is mounted on the flange (7.1) of the
socket present in the split clamp (7).

[0026] The split clamp (7) is installed on the external side
of the pipe to be studied, close to the end considered more
critical in terms of temperature for the material in question.
The clamp (7) is fixed to the pipe so that the access flange of
the cutting tool (3) is positioned in such a way as to allow
the coupling of the cutting equipment. The cutting tool (3)
must have a fixed slow rotation, and the sea water itself,
which surrounds the point of contact between the tool (3)
and the different layers of the pipe (1), will be responsible
for exchanging heat, cooling the process.

[0027] Each of the cut layers is removed until the layer
represented by the pressure barrier is reached (the inner
shell must be kept intact). The rotation speeds of the tool
(3) must be controlled so that there is no overheating,
which can mask the results of the analysis, since the degra-
dation of the material, which is to be evaluated, is due to the
effect of temperature.

[0028] To control the course of the cutting tool (3), it is
possible to use a stop structure, adjustable for each pipe
structure (1), depending on its diameter and the thickness
of each layer.

[0029] Temperature control is carried out using low rota-
tion and, alternatively, using forced circulation of sea water
at the cutting point. The tool must exert pressure so that the
metallic layers can be cut, up to the limit of the stroke pre-
dicted for the cut. A tool with a magnet must be inserted in
order to collect the pieces of cut profiles.

[0030] The rotary tool (3) must be removed and a circular
knife (8) must be introduced for the final cut (avoiding the
risk of damaging the inner shell). This knife (8) must have a
slot to be introduced in a specific position, in order to match
the saddle formed by the upper generatrix of the pipe (1) and
its respective layers. The knife (8) will be compressed
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against the pressure barrier, at the point of the circular cut
made, and cut the rest of the layer, allowing its removal, as
shown in FIG. 3.

[0031] The loss of wires affects the tensile strength capa-
city, but as the pipe (1), in the part where the sampling will
be carried out, works statically, practically without suffering
tensile efforts, this is not a problem. As a contingency, for
the retraction of the pipe (1), if it takes place in catenary and
then this strength is demanded, it is possible to use some
means to support the pipe (1) below the part where the ten-
sile armor wires (1.2) will suffer sectioning.

[0032] The reduction in the ability to withstand internal
pressure, with damage to the turns of the “zeta” profile of
the pressure armor layer (1.3), can be compensated for by
using the final clamp (10) which, in addition to fixing the
sealing plug and compress the same against the inner shell
(1.1), will provide resistance to internal pressure.

[0033] The external pressure will continue to have the
inner shell (1.1) as a resistant layer, which is why it will
not be possible to damage the same without compromising
the functionality of the pipe (1). Even with the knife (8),
there are internal grooves in the pressure barrier (2), and it
is important that the knife (8) has a profile in its blade that
matches the shape of some typical structures of flexible pipe
shells.

[0034] The tool can, alternatively, use a split clamp (7) of
the same type that is used in trepanning in rigid pipes (single
layer). In fact, this system would be a little simpler, not
requiring valves, since in the trepanation of rigid pipes, the
aim is to drill the hole, even with the pipe (1) being pressur-
ized, and, in the case in question, it is used as a premise the
fact that the pipe (1) is depressurized and clean (filled with
sea water).

[0035] In any case, the fixing equipment of the cutting
device can be similar to that normally used in trepanning.
This tool is also known as a Hot Tap Machine and has been
used for over 20 years in the offshore and onshore industry.
In the onshore industry, a saddle flange is often welded onto
the intact pipe, the tool is attached to this flange and a hole is
drilled in the pipe to allow access to this new branch.
[0036] With the device of this invention, it is necessary to
control the depth of cut to prevent the cut from advancing
further than necessary. The diameter of the “cup” must be
small enough to facilitate plugging the hole as much as pos-
sible and large enough to allow the minimum mass of poly-
meric material required to carry out the analyses. The tool
(3) should allow the sample to be recovered as fully as pos-
sible, using a specific accessory for this (9).

[0037] A tool (4) is inserted that will, in a second moment,
provide the tightness for maintenance of the pipe (1) in
operation, as shown in FIG. 4. Such a sealing can be per-
formed mechanically and/or through the injection of a sui-
table polymeric sealant. The clamp (7) can then be removed
for reuse in future wells to be analyzed.

[0038] The invention further includes the sample slicer,
for quick analysis in the field, designed according to the
diameter and thickness of the pipe layer (2), object of the
study. At the end of the process, a “sample extractor” (9)
must be introduced to recover the cut part, the objective of
this intervention.

[0039] The repair device (4) (FIG. 4), in the proper posi-
tion, will expand (FIG. §) and allow the insertion of a plug
(5) with a channel (5.1) that allows the injection of sealant to
recreate the tightness of the pipe (1). The back part of the
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plug (5) consists of a wedge that, together with the sealing
disk (6) will help to seal the pipe (1), bending the edge of the
device to help “bite” the pipe (1) and improve sealing, as
shown in FIG. 6.

[0040] The flexible pipe pressure barrier sampling
method, comprising a split clamp (7), is characterized by:

[0041] shutting down the production, depressurizing

and cleaning the pipe (1) to be evaluated;
[0042] coupling said split clamp (7) to the external side
of the pipe (1);

[0043] intervening with a circular hole tool (3);

[0044] removing layer by layer of the pipe (1) until
reaching the pressure barrier (2);

[0045] removing the circular hole tool (3) and insert a

knife (8) ;
[0046] sampling the pressure barrier (2);
[0047] introducing a repair device (4);
[0048] injecting sealing polymer into the channels (4.1,
5.1) in order to restore the tightness of the pipe;

[0049] installing the final clamp (10), compensating for
the discontinuity of the spiral profile of the pressure
armor (1.3), allowing the structure of the pipe to resist
internal pressure loading.

1. AMETHOD FOR SAMPLING PRESSURE BARRIER
OF FLEXIBLE PIPES, characterized in that there are the
steps of:

a) shutting down the production, depressurizing and clean-

ing the pipe (1) to be evaluated;

b) coupling a split clamp (7) on the external side of the pipe

¢) intervening with a circular hole tool (3) through the
socket (7.1) of the split clamp (7);

d) removing layer by layer of the pipe (1) until reaching the
pressure barrier (2);

e) removing the circular hole tool (3) and introducing a
knife (8);

f) collecting a sample from the pressure barrier (2) using the
collection tool (9);

g) removing the split clamp (7);

h) introducing a repair device (4) and expand the same
inside the hole made in the pipe (1);

1) bending the upper edge of the repair device (4);

J) injecting sealing polymer through the injection channel
(4.1), present in the repair device (4);

k) inserting the sealing disk (6) and the sealing plug (5);

1) injecting sealing polymer through the injection channel
(5.1), present in the sealing plug (5);

m) installing a final clamp (10).

2. THE METHOD FOR SAMPLING PRESSURE BAR-
RIER OF FLEXIBLE PIPES according to claim 1, in step (a),
characterized in that the cleaning of the pipe (1) takes place
through water and pigs.

3. THE METHOD FOR SAMPLING PRESSURE BAR-
RIER OF FLEXIBLE PIPES according to claim 1, in step (b),
characterized in that the coupling of the split clamp (7) pre-
ferably takes place in the vicinity of the end connector close to
the Christmas tree.

4. THE METHOD FOR SAMPLING PRESSURE BAR-
RIER OF FLEXIBLE PIPES according to claim 1, character-
ized in that the temperature control of the cutting process takes
place with the control and use of low rotation of the circular
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hole tool (3) and the use of forced circulation of sea water at
the cutting point.

5. A DEVICE FOR SAMPLING PRESSURE BARRIER
OF FLEXIBLE PIPES according to the method described in
claim 1, characterized in that it has a split clamp (7) provided
with means to fix arotating equipment and introduce a circular
hole tool (3), in order to remove the pipe layers (1) until reach-
ing the layer of interest (2).

6. THE DEVICE FOR SAMPLING PRESSURE BAR-
RIER OF FLEXIBLE PIPES according to claim 5, character-
ized in that the split clamp (7) has a branch (7.1) with a flange
or quick coupling means.

7. THE DEVICE FOR SAMPLING PRESSURE BAR-
RIER OF FLEXIBLE PIPES according to claim 6, character-
ized in that the circular hole tool (3) is attached to the flange or
quick coupling connector (7.1).

8. THE DEVICE FOR SAMPLING PRESSURE BAR-
RIER OF FLEXIBLE PIPES according to claim 7, character-
ized in that the circular hole tool (3) is provided with a stop
structure, adjustable for each pipe structure (1).

9. THE DEVICE FOR SAMPLING PRESSURE BAR-
RIER OF FLEXIBLE PIPES according to the method
described in claim 1, characterized in that it introduces a
knife (8) to cut the rest of the layer (2) at the point of the cir-
cular cut made by the hole tool circle (3).

10. THE DEVICE FOR SAMPLING PRESSURE BAR-
RIER OF FLEXIBLE PIPES according to the method
described in claim 1, characterized in that it introduces a tool
with a magnet to collect the pieces of cut metal profiles.

11. THE DEVICE FOR SAMPLING PRESSURE BAR-
RIER OF FLEXIBLE PIPES according to the method
described in claim 1, characterized in that it introduces a
“sample extractor” (9) to recover the cut part.

12. THE DEVICE FOR SAMPLING PRESSURE BAR-
RIER OF FLEXIBLE PIPES according to the method
describedin claim 1, characterized in that it has an expandable
repair device (4).

13. THE DEVICE FOR SAMPLING PRESSURE BAR-
RIER OF FLEXIBLE PIPES according to claim 12, charac-
terized in that the repair device (4) expands and allows the
injection of sealant through the channel (4.1) to restore the
tightness of the pipe (1).

14. THE DEVICE FOR SAMPLING PRESSURE BAR-
RIER OF FLEXIBLE PIPES according to the method
described in claim 1, characterized in that it has a plug (5)
and a sealing disk (6).

15. THE DEVICE FOR SAMPLING PRESSURE BAR-
RIER OF FLEXIBLE PIPES according to the method
described in claim 1, characterized in that the plug (5) allows
the injection of sealant through the channel (5.1) to restore the
tightness of the pipe (1).

16. THE DEVICE FOR SAMPLING PRESSURE BAR-
RIER OF FLEXIBLE PIPES according to the method
described in claim 1, characterized in that it has a final
clamp (10) to ensure the maintenance of the ability of the
pipe (1) to be pressurized.

17. THE DEVICE FOR SAMPLING PRESSURE BAR-
RIER OF FLEXIBLE PIPES according to claim 5, character-
ized in that it is manipulated by ROV or by diver.
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