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friction pig 2 when in use in a pipe 1, comprises at least one sensor 7 connected to the friction pig 2 for sensing and acquiring data
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SYSTEM AND DEVICE FOR MONITORING A MOVABLE PLUG ELEMENT(S)
IN A PIPELINE

Field of the invention

The invention concerns friction pigs for isolating selected parts of a pipeline. More
specifically, the invention relates to a system and device for of monitoring movable
plug elements in a pipeline.

Background of the invention

It is often desirable or necessary to temporary isolate selected sections of a pipeline
while the pipeline system is in operation, when performing maintenance, branching,
repair, etc. Such isolation is commonly performed by plugs which are positioned
and set at the desired location, allowing downstream operations to continue
unimpeded. Using a plug which is inserted into the pipeline, guided to the desired
location and then set, is a procedure which is cost effective, flexible and possible in
most pipeline configurations.

The plugs may be run into the pipeline with an umbilical or be autonomous plugs
that are pigged and/or moved by tractor units within the pipeline. An autonomous
plug may for instance be used in long subsea pipelines for sealing these off at the
desired site, and thereafter removed from the pipeline when the work is has been
completed. Some plugs are set by extending slips into contact with the pipe wall and
forcing a sealing element against the pipe wall. Some plugs are designed to self-
lock into the set positions as long as there is a pressure difference across the plug.
One example of an autonomous plug is disclosed in WO 2008079016.

Plugs of this type, which may be manipulated between set and unset states, are
suitable for applications where the pressure differences across the plug are
comparably high, for example up to about 150 bar.

In applications where the pressure differences are comparably low — for example
around 5 bar, it is often more convenient to use friction pigs (also referred to as
“high-friction pigs”) for pipeline isolation. Friction pigs are normally pigged to the
desired location, whereupon the differential pressure is removed, allowing the
friction pig to come to rest in the pipeline. These types of pigs have typically no
moving parts, but their sealing elements comprise a resilient material with certain
stiffness. One example of a suitable resilient material is polyurethane. The sealing
function of a friction pig thus relies entirely on the friction between the pipeline
wall and the pig material.
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It is well known in the art to provide a friction pig with a transponder in order to
track its travel through a pipeline. One such tracking system is the SmartTrack™
System, developed by the present applicant. This system allows two-way
electromagnetic communication between the transponder mounted on the pig (or a
plug) and a transceiver outside the pipeline. Each transponder is given a unique
identification number, which is communicated to the transceiver and, if required,
further to a control unit (a PC or similar). Thus, when the transponder is in an active
mode, it sends an electromagnetic signal, enabling an operator using the transceiver
to track the pig’s travel through the pipeline, and e.g. to determine when the pig has

reached a pre-determined location in the pipeline.

As described above, once a friction pig has been placed at its intended position in
order to isolate a section of a pipeline, its sealing function relies entirely on the
friction between the pipeline wall and the pig material. A pig of this type has no
inherent fail-safe properties. An operator performing work on the isolated section of
the pipeline must have confidence in the pig’s sealing capabilities, and it is
therefore of great importance that there are no leaks from one side of the pig to the
other and that the pig remains more or less stationary at the intended position.

It is therefore a need for a system and a method of monitoring such pig. .

Summary of the invention

The present invention provides a friction pig for monitoring one or more physical
properties upstream and/or downstream of the friction pig when in use in a pipe,
comprising:

- at least one sensor connected to the friction pig for sensing and acquiring data
related to one or more physical properties concerning the friction pig or fluid
upstream and/or downstream of the friction pig; ,

- a transponder for receiving instructions from a remote control unit through a
transceiver, said instructions comprises operation modes of the friction pig;

- means for carrying out said instructions, and

- means for transmitting said acquired data to said remote control unit through said
transceiver, thus enabling monitoring of one or more physical properties.

The invention also comprises a system for monitoring one or more physical
properties upstream and/or downstream of a plurality of friction pigs when in use in
a pipe, where the system comprises:

- two or more mutually independent friction pigs, comprising each at least one
sensor connected to each friction pig for sensing and acquiring data related to one
or more physical properties concerning the friction pigs or fluid upstream and/or
downstream of the friction pigs,
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- means in at least one friction pig for receiving and carrying out instructions from a
control unit through a transceiver outside the pipe, said instructions comprise
operation modes of the friction pigs,

- means in at least one friction pig for transmitting said acquired data to said
remote control unit through said transceiver;

- transceiver for receiving instructions from a remote control unit, said instructions
comprises operation modes of the friction pigs, and

- a control unit for sending instructions to said friction pigs, and for receiving data
from said friction pigs for monitoring one or more physical properties upstream and
downstream of said plurality of friction pigs used in a pipe.

The invention is set forth and characterized in the main claims, while the dependant
claims describe other characteristics of the invention.

Brief description of the drawings

These and other characteristics of the invention will be clear from the following
description of an embodiment of the invention, given as a non-restrictive example,
with reference to the attached drawings wherein like components have been give
like reference numerals and where:

Figure 1 is a schematic drawing illustrating a first embodiment of the system
according to the invention;

Figure 2 is a schematic drawing illustrating a second embodiment of the system
according to the invention; and '

Figure 3 is a diagram illustrating a typical data flow when using an embodiment of
the system according to the invention.

Detailed description of an embodiment of the invention

With reference to the attached drawings, figure 1 is a schematic illustration of an
embodiment of the system according to the invention. A plug element, in this
embodiment a friction pig 2, is shown in place at a location inside a pipeline 1
having an internal wall 3. A transponder 6 is fitted to the pig 2 and connected to
sensors 7, of which one sensor is exposed to a first portion or volume of the
pipeline, designated by the reference numeral V), and another sensor is exposed to a
second portion or volume of the pipeline, designated by the reference numeral V,.
Although the figures show two sensors 7, one on each side of the pig, it is of course
conceivable to have only one sensor, as well as more sensors, depending on the
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requirements of the applicable situation. The sensor(s) 7 is (are) connected to the
transponder 6 in a manner known in the art and will therefore not be discussed here.

Figure 1 also show a transceiver 10 located on the outside of the pipeline and
connected via a data transfer link 14 to a control and monitoring unit 12. In a
practical application, it may be advantageous to use a plurality of transceivers 10.

The data transfer link 14 may be by means of a cable or wireless communication,
or, in subsea applications, by means of acoustic modems. The control and
monitoring unit 12 is typically a PC placed in a remote location (e.g. on a surface
vessel) and having the required software for controlling the transponders 6. These
equipment units are well known within the art, and will therefore not be discussed
further.

The skilled person is also. familiar with how the equipment illustrated in figure 1 is
used to track the motion of a pig within the pipeline, either through the pipeline in a
pigging operation, or to a desired location in the pipeline where the plug is to be
brought to rest in order to perform its isolation operation. In use for that purpose,
the transponder 6 emits a signal at regular intervals which is detected by the
transceivers 10. This signal is often referred to as a “ping”, as it is simply a signal
announcing the plug’s presence to listening transceiver. The “ping” signal may
contain a unique identifier for its transponder; this allows for simultaneous tracking
of several plugs. |

Turning now to figure 3, that diagram illustrates an example of data flow between a
transponder 6 inside the pipeline, a transceiver 10 outside the pipeline, and a control
and monitoring unit 12. Starting in the top right-hand corner of the diagram, the
transponder 6 is in an active mode and emits a tracking signal, or “ping” signal, A
at regular intervals. The tracking signal A may contain a unique identifier for the
transponder and enables an operator to trace the motion of the pig through the
pipeline. The tracking signals A are detected by the transceiver 10 in a manner
which is known in the art. The motion of the pig 2 within the pipeline 1 is thus
monitored, for example by the software within the control unit 12 (identiﬁed in
figure 3 as “Operational Laptop”).

When the plug has reached a predetermined location, and/or an operator makes a
decision to make the pig come to rest in the pipeline, a Configuration Message or
instruction C is sent by the control unit 12 to the transceiver 10, which forwards the
instruction to the transponder 6. The instruction C typically comprises instructions
as to the type of data from the sensor 7 which are to be returned from the
transponder 6, and at what intervals.

Upon receipt of the instruction C, the transponder 6 starts sending the specified
sensor data B at the pre-determined intervals. Typically, the sensor data B are data
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from one or more of the sensors 7 connected to the tr'ansponder 6, the data typically
comprising pressure, temperature, volume, position, odometer reading, acceleration
or gas detection.

Figure 3 shows how the sensor data signals B are sent from the transponder 6 at
certain intervals The figure also shows that the tracking signal A continues to be
sent during these intervals. However, any combination of the transmission of these
signal are possible. For example, although not shown on figure 3, the sensor data B
may be sent at the same intervals as the tracing signal A. The sensor data B and the
tracking signal A may be sent at regular intervals or continuously.

The friction pig 2 thus has means for operating in different operation modes where a
first is a communication mode and a second is a tracking mode. The communication
mode enables said means for acquiring data related to one or more physical
properties concerning the friction pig 2, and the tracking mode enables means for
sending signals related to the position of the friction pig 2.

The friction pig 2 can continuously switch between the modes, thus enabling
position tracking and e.g. pressure monitoring at the same time. It is then possible
to track position, and also to predict if the friction pig 2 will start to move after

~ standstill due to the monitoring of the pressure difference upstream and downstream

of the friction pig 2.

Returning now to figure 1, the data flow described above with reference to figure 3,
is illustrated as being used to monitor physical parameters around a pig 2 in a
pipeline 1. These parameters are measured by sensors 7, which are known in the art,
connected to the transponder 6. The pig is in a substantially stationary state, its
sealing elements sealing against the inner wall 3 of the pipeline, and being
subjected to a first pressure p; in a pressurised volume V| on a first side of the pig,
and a non-pressurised volume V;, on a second side of the pig. Typically, the first
pressure p; is on the order of 5 bars for a low-pressure application. The second
pressure p; is typically at atmospheric pressure.

Applicable parameters such as pressures p;, p; and temperatures t,, t; on respective
sides of the pig may be recorded and transmitted to the control unit 12 as sensor
data B.

The invented system is particularly useful in monitoring one or more friction pigs
placed at a location in a pipeline for the purpose of isolating a section of the
pipeline. In order to gain the necessary degree of confidence that the friction pig is
properly in place in pressure isolation operations, precise and real-time monitoring is
necessary. Ideally, any change in the pig’s position should be predicted before it actually
moves. '
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As with any type of pigs or plugs, friction pigs will not move unless acted upon with a
sufficient differential pressure.‘ Because the static coefficient of friction almost always is
higher than the dynamic coefficient, the friction pig will require a higher pressure
differential across the pig to start the movement, than to keep it moving once it has been
released.

Thus, any change in pressure differential (p; — p2) across the friction pig is an indication
that the pig is about start moving. Appropriate measures may then be taken when the
control unit 12 detects such change.

In pressure isolation operations, several friction pigs are often used in order to provide a
necessary redundancy. This situation is illustrated in figure 2, where a second friction pig
4 has been added next to the first friction pig 2, separated by a distance d and thus an
intermediate volume V3. In a typical application, the distance d may be in the region of 1
meters to 10 meters.

As in figure 1, V; denotes a pressurised volume having a first pressure p;, while V;
denotes a non-pressurised volume having a second pressure p,, typically at
atmospheric pressure. Other applicable parameters, such as first and second
temperatures t;, t; are also indicated.

Each pig 2, 4 is fitted with at least one first transponder 6, each of which is connected to
at least one respective sensor 7. As the skilled person will understand, it will in most
cases be sufficient to have a sensor 7 on the pressurised (upstream) side Vi, as the
pressure p; on the non-pressurised side V; in principle may be recorded elsewhere within
the pipeline.

By applying at least two separate pigs 2, 4 located a comparably short distance (d) from
each other, as illustrated by figure 2, and by means of the sensor data B monitoring
pressure and temperature changes over each pig as described above, the pressure
differential over each pig will indicate if movement may be imminent, and provide
forewarning to prepare accordingly.

The volume V3 may also be monitored by means of optical sensors, ultrasound, etc.
transmitted as sensor data B and/or calculated based on other parameters. Even small pig
movements will be detected by evaluating the change in volume between the pigs.

The invented system has been described with reference to sensors communicating
parameters such as pressure, temperature and volume. In addition, it is conceivable
that the sensors 7 communicate parameters such as position, acceleration and
travelled distance for the pig(s) 2, 4, as well as detection of gas leaking from the
pressurised side of the pig.

The invention is particularly useful in the monitoring of friction pigs being used for
pipeline isolation with comparably low differential pressures. By monitoring parameters
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which are descriptive of the pig and/or the conditions around the pig — examples of which
are mentioned above — an operator is alerted of a potentially undesirable situation (e.g.
pig movement) and is given the opportunity to take appropriate measures before the
situation occurs.
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1. A friction pig (2) for monitoring one or more physical properties upstream
and/or downstream of the friction pig (2) when in use in a pipe (1),
characterized in thatit comprises:

- at least one sensor (7) connected to the friction pig (2) for sensing and acquiring
data related to one or more physical properties concerning the friction pig (2) or
fluid upstream and/or downstream of the friction pig (2);

- a transponder (6) for receiving instructions from a remote control unit (12)
through a transceiver (10), said instructions comprises operation modes of the
friction pig (2); ”

- means for carrying out said instructions, and _

- mieans for transmitting said acquired data to said remote control unit (12) through
said transceiver (10), thus enabling monitoring of one or more physical properties.

2. A friction pig (2) according to claim I,characterized in thatthe
friction pig (2) comprises a high-friction plug for use in pipeline isolation.

3. A friction pig (2) according to claim 1,characterized in that the at
least one sensor (7) is a sensor for measuring pressure.

4. A friction pig (2) according to claim l,characterized in thatone
pressure sensor (7) is located upstream of the friction pig (2), and another pressure
sensor (7) is located downstream of the friction pig (2).

5. A friction pig (2) according to claim l,characterized in thatatleast
one sensor (7) is a sensor for measuring pressure, and other sensors are sensors for
measuring temperature, volume, axial position in the pipe, acceleration, travelled
distance in the pipe or gas leaking through the friction pig (2).

6. A friction pig (2) according to claim l,characterized in thatthe
friction pig (2) comprises means for operating in different operation modes where
one is a communication mode and an other is a tracking mode, and where the
communication mode enables said means for acquiring data related to one or more
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physical properties concerning the friction pig (2), and where the tracking mode
enables means for sending signals related to the position of the friction pig (2).

7. A friction pig (2) according to any one of claims 1 - 6,
characterized in that the means for transmitting data comprises a
transponder (6) connected to the friction pig (2) and configured for receiving data
from the sensor (2), and a transceiver (10) outside the pipe(1).

8. A system for monitoring one or more physical properties upstream and/or
downstream of a plurality of friction pigs (2) when in use in a pipe (1),
characterized in that the at system comprises:

- two or more mutually independent friction pigs (2, 4), comprising each at least one
sensor (7) connected to each friction pig (2, 4) for sensing and acquiring data
related to one or more physical properties concerning the friction pigs (2, 4) or fluid
upstream and/or downstream of the friction pigs (2, 4), '

- means in at least one friction pig (2) for receiving and carrying out instructions
from a control unit (12) through a transceiver (10) outside the pipe (1), said
instructions comprise operation modes of the friction pigs (2, 4),

- means in at least one friction pig (2) for transmitting said acquired data to said
remote control unit (12) through said transceiver (10);

- transceiver (10) for receiving instructions from a remote control unit (12), said
instructions comprises operation modes of the friction pigs (2, 4), and

- a control unit (12) for sending instructions to said friction pigs (2, 4), and for
receiving data from said friction pigs (2,4 ) for monitoring one or more physical

- properties upstream and downstream of said plurality of friction pigs (2, 4) used in a

pipe.

9. A system according to claim 8,characterized in that the friction
pigs (2, 4) are located 1 — 10 meters from each other.

10. A system accordingtoclaim8, characterized in thatone friction
pig (2) is master, and an other friction plug (4) is slave, and where the master
friction pig (2) comprises a transponder (6) configured for receiving data from the
sensors (7) of the friction pigs (2), and for sending acquired data to the transceiver
(10) outside the pipe (1).
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11. A system according to claim 8, characterized in that one friction

pig (2) comprises a pressure sensor (7) located upstream, and an other friction pig
(4) comprises a pressure sensor (7) located downstream of the set of friction pigs

(2, 4).

12. A system according to claim 8,characterized in thatthe at least one
sensor (7) is a sensor for measuring pressure, temperature, volume, axial position in
the pipe, acceleration, travelled distance in the pipe or gas leaking through one or
both of the friction pigs (2, 4), and where sensors are located both upstream and
downstream of each friction pig (2, 4).
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