(12) PATENT

(11) 343153 (13) B1
(19) NO
NORWAY (51) IntCl.
E21B 33/13 (2006.01)
E21B 47/00 (2012.01)
E21B 47/06 (2012.01)
E21B 47/16 (2006.01)
Norwegian Industrial Property Office
(21) Application nr. 20151746 (86) International Filing
Date and
Application Number
(22) Date of Filing 2015.12.17 (85) Date of Entry into
National Phase
(24) Date of Effect 2015.12.17 (30) Priority
(41) Publicly Available 2016.10.25
(45) Granted 2018.11.19
(73) Proprietor Hydra Systems AS, Postboks 182, 4098 TANANGER, Norge
(72) Inventor Morten Myhre, Notvegen 15, 4056 TANANGER, Norge

Arne Gunnar Larsen, Postveien 8, 4319 SANDNES, Norge
Arnold @stvold, Gauselbakken 89, 4032 STAVANGER, Norge
Markus luell, Hjaltlandsgata 1 B, 4009 STAVANGER, Norge

(74) Agent or Attorney HAMSQ PATENTBYRA AS, Postboks 171, 4301 SANDNES, Norge

(54) Title A method of assessing the integrity status of a barrier plug
(56) References
Cited: US 2014/367092 A1, US 2013/299165 A1, US 2004/047534 A1, WO 2012/096580 A1, EP 2177712 A1, ,

WO 2015/034369 Af,
(57) Abstract

A method of assessing the integrity status of a barrier plug
(607) formed in a well (2), comprising: (A) disposing a plug
base (14) inside a pipe string (8) in the well (2), and below
a longitudinal section (L); (B) disposing a communication
unit (16) and at least one sensor (32) in the well (2), said
sensor (32) configured to measure at least one parameter
of a fluid, and said communication unit (16) configured to
receive and transmit signals corresponding to said sensor
measurements; (C) placing a plug-forming fluidized
plugging material (60) in the pipe string (8) above the plug
base (14), and along the longitudinal section (L); (D)
selectively deploying said sensor (32) into the fluidized
plugging material (60) in the pipe string (8); (E) with said
sensor (32), measuring at least one curing-indicative
parameter of the fluidized plugging material (60) over a
period of time; and with said communication unit (16),
receiving sensor measurements over said period of time,
and further transmitting corresponding signals to the
surface of the well (2); (F) retrieving said transmitted
signals at the surface of the well (2); and (G) analysing the
retrieved signals and assessing the curing status of the
fluidized plugging material (46) after said period of time.
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A METHOD OF ASSESSING THE INTEGRITY STATUS OF A BARRIER PLUG

Field of the invention

The invention concerns a method of assessing the integrity status of a barrier plug
formed within a longitudinal section of a subterranean well. The barrier plug is formed
from a fluidized and curable plugging material, for example cement slurry, and may be
used in various types of well plugging operations. Such operations may include

temporary or permanent plugging of a well, for example for abandonment thereof.

Further, the present method may be used in any type of subterranean well, including
petroleum wells, water wells and geothermal wells. As such, the present method is
useful for assessing the integrity status of a barrier plug formed in e.g. a production

well or an injection well.

Background of the invention

The background of the invention relates to statutory regulations requiring pressure
isolation in subterranean wells, e.g. petroleum wells, in various well situations,
including plugging and abandonment of such wells. A pressure-isolating barrier plug
must therefore be formed above, along and/or below a permeable zone in a well, as
required in the particular well. Typically, such a barrier plug spans a complete cross
section of the well along a longitudinal section thereof. When such a longitudinal
section includes a tubular pipe string, such as a casing- or liner string, the barrier plug
must be formed so as to cover both the outside and the inside of the particular pipe
string. In Norway, requirements of such barrier plugs are described in statutory
regulations termed NORSOK D-010. Similar statutory regulations exist in other

countries.

The background of the invention also relates to typical prior art methods used to verify
the integrity of a barrier plug once formed from a fluidized and curable plugging

material, such as cement slurry.
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Prior art and disadvantages thereof

A pressure-isolating barrier plug formed within an open-hole section of a well, or
inside a pipe string already affixed in the well, is typically allowed to set up and cure
for a relatively short period of time. This is usually referred to as plug cementing. A
drill string or similar is then lowered down to the barrier plug to mechanically tag the
plug, after which a given weight is set down on top of the plug to confirm mechanical
firmness of the barrier plug. A given fluid overpressure is also exerted on top of the
barrier plug for a period of time to observe if the barrier plug is capable of
withstanding the overpressure exerted thereon over said period of time. This is
normally referred to as positive pressure test. Unfortunately, these types of plug
integrity tests provide little or no information about the firmness, distribution and

quality of the plugging material internally in the barrier plug.

Similarly, a well may also require a pressure-isolating barrier to be formed in an
annulus outside a pipe string in the well. Such an operation typically requires initial
perforation of the pipe string, after which a fluidized and curable plugging material,
typically cement slurry, is squeezed into the annulus via one or more perforations in
the pipe string. If using cement slurry, this is usually referred to as squeeze
cementing. The squeezed plugging material is then allowed to set up and cure for a
relatively short period of time. Given that mechanical tagging in an annulus is difficult
or impossible to perform, the integrity of such an annular barrier may therefore be
verified using a positive pressure test, as described above. Alternatively or
additionally, the integrity may be verified through use of a negative pressure test,
which usually involves reducing the annular fluid pressure above the annular barrier,
and then observing the annular pressure for a period of time to observe if there is any
pressure build-up above the annular barrier. Also these types of pressure tests provide
little or no information about the internal firmness, distribution and quality of the

plugging material internally in the annular barrier.

Typically, the above prior art plug cementing and squeeze cementing operations are
performed as completely separate well operations, thereby requiring separate plug
integrity tests. In more recent years, however, more efficient methods and tools have
come into use for forming a barrier plug spanning both the inside and the outside (i.e.
the annular space) of a tubular pipe string in a well. Such methods and tools are
disclosed in e.g. WO 2012/096580 A1, WO 2013/133719 A1, WO 2013/133720 Al and
WO 2015/034369 Al.

Further, barrier plugs formed through use of the novel methods and tools disclosed in

343153



10

15

20

25

30

these publications are also subject to integrity verification methods using mechanical
tag tests and positive pressure tests, as described initially. Cement barrier plugs thus
formed are also subject to another barrier verification method. This verification
method involves drilling out (i.e. removing) plug cement located inside the pipe string,
lowering a suitable logging tool into the pipe string and down to the drilled out section,
and then logging this section to acquire indicative data for assessing the integrity
status of plug cement located in the annular section outside the pipe string. Typically,
such a logging tool acquires acoustic data from the annular section outside the pipe
string. Such acoustic data represent indirect data requiring proper processing and
interpretation to obtain a credible representation of the cement quality and
distribution in the annulus outside the pipe string. Such data are therefore subject to
various sources of error, including acquisition errors, processing errors and
interpretation errors. Besides providing questionable results, this annulus barrier
verification method also requires removal (drill out) of the noted plug cement inside
the pipe string before such a logging operation can be initiated. Obviously, these
operations require valuable and costly rig time to be carried out, which generally is

viewed as a significant disadvantage in the industry.

Accordingly, there is a need in the industry for a more efficient and more credible
method and means of assessing and verifying the overall integrity of such a barrier

plug in a subterranean well.

In this context, EP 2177712 Al is considered to represent the closest prior art. This
publication discloses a method and apparatus for making real-time measurements of
downhole properties during cement plug placement. A wired placement conduit is
lowered downhole releasing a sensor package. The sensor package is capable of

measuring downhole properties in real-time in the period while the cement plug sets.

The following patent publications are also mentioned as examples of background prior

art:

- US 2014/0367092 Al;
- US 2013/0299165 Al; and
- US 2004/0047534 Al.

Objects of the invention

An object of the invention is to remedy or reduce at least one of said disadvantages of

the prior art, or at least to provide a useful alternative to the prior art.
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Another object of the invention is to provide a novel method rendering possible to
assess the integrity status of a barrier plug formed within a longitudinal section of a

subterranean well.

Yet another object of the invention is to provide a novel method that is a more

efficient and more credible than said prior art methods.

Further, it is an object of the invention to disclose various embodiments of this novel
method, thereby providing versatility to the method and thus rendering possible to

adapt the method as desired or required.

It is also an object of the invention to provide a method rendering possible to assess
and potentially verify the integrity of such a barrier plug for a period of time extending

beyond the initial curing and setting of the plug in the subterranean well.

Summary of the invention

The above objects are achieved by virtue of features disclosed in the following

description and subsequent claims.

The invention concerns a method of assessing the integrity status of a barrier plug
formed within a longitudinal section of a subterranean well comprising a wellbore, a
pipe string placed within the wellbore, and an annulus located between the wellbore
and the pipe string, the method comprising the following combination of steps:
(A) anchoring a mechanical plug to the pipe string below said longitudinal section
in the well, and at least inside the pipe string;
(B) disposing at least one communication unit and at least one sensor in the well,
said communication unit and said sensor configured to communicate when operative
in the well;

- wherein said at least one sensor is configured to measure at least one
parameter of a fluid; and

- wherein said at least one communication unit is configured to receive, from
said sensor, measurements of the at least one fluid parameter, and to further transmit
signals corresponding to said sensor measurements;
(O placing a fluidized and curable plugging material in the pipe string above the
mechanical plug, and along the longitudinal section, said fluidized plugging material
forming, upon curing, said barrier plug in the well;
(D) selectively deploying the at least one sensor into the fluidized plugging
material in the pipe string, and at least along a part of the longitudinal section;

(E) with the at least one sensor, measuring at least one curing-indicative
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parameter of the fluidized plugging material over a period of time; and

with the at least one communication unit, receiving sensor measurements of
the at least one curing-indicative parameter over said period of time, and further
transmitting signals corresponding to said curing-indicative measurements to the
surface of the well (2);
(F) retrieving said transmitted signals at the surface of the well; and
(G) analysing the retrieved signals and assessing, for each sensor position, the
curing status of the fluidized plugging material after said period of time, thereby also
assessing the integrity status of the barrier plug thus formed in the well;
the method also comprising:
- distributing, before step (B), a plurality of sensors along an elongate carrier body;
and
- selectively deploying, in step (D), the elongate carrier body and its sensors into the

fluidized plugging material in the pipe string.

The method is characterized in that the elongate carrier body is comprised of at least
one of:

(i) a stiff rod along which the plurality of sensors are distributed; wherein the
stiff rod is movably connected to the mechanical plug so as to be longitudinally
movable relative to the mechanical plug and thus the pipe string; wherein the stiff rod
is movable from an inoperative position where at least most of the rod is retracted
below the mechanical plug, and an operative position where said sensors along the rod
are extended into the fluidized plugging material above the mechanical plug; and
wherein the method comprises selectively moving, in step (D), the stiff rod from said
retracted, inoperative position to said extended, operative position; and

(ii) a flexible line along which the plurality of sensors are distributed; wherein an
uppermost part of the flexible line is free and a lowermost part thereof is connected to
the mechanical plug; wherein the flexible line is movable from an inoperative position
where at least most of the flexible line is releasably compacted at the mechanical plug,
and an operative position where said sensors along the flexible line are extended into
the fluidized plugging material above the mechanical plug; and wherein the method
comprises selectively releasing and moving, in step (D), the free uppermost part of
the flexible line from said compacted, inoperative position to said extended, operative

position.

The present method is based on acquiring in situ measurements of curing-indicative
parameters in said fluidized plugging material, and then transmitting signals

corresponding to such measurements to the surface of the well. Such measurements
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are obtained from the time of placing the fluidized plugging material within said
longitudinal section of the well, and then throughout, at least, the initial and

predominant part of its curing process therein.

Moreover, any suitable known methods and technical means, including various
communication methods and operative principles thereof, may be used in the present
method. Such communication methods may comprise use of any suitable telemetry
means, including mud pulse telemetry (MPT), and associated decoders and programs
for decoding and processing signals retrieved at the surface of the well. Further, these
methods and technical means may include any suitable amount and configuration of
sensors, communication units, pulsers, moving means, such as actuators and motors,
pressure-sensitive devices, release mechanisms, timers, power sources, electronic
components, signal transmission components, such as transmitters and/or receivers,
signal processing programs, fittings, connections, valves, ports, conduits, lines,
electric components, wiring, switches, hydraulic components, etc. for acquiring,
processing and transmitting such data signals to the surface of the well for further
analysis and evaluation. Such known methods and technical means will not be

discussed in further detail herein.

It is within the scope of the present method to dispose, in step (B), said at least one
communication unit and said at least one sensor at any suitable location within the
well. As such, it is also conceivable to separately drop or convey one or more entities

of said communication unit into the well.

It is also within the scope of the present method to deploy, in step (D), the plurality of
sensors in any suitable manner, and using any suitable technical means, into the

fluidized plugging material within the pipe string.

Further, the fluidized plugging material may comprise cement slurry for formation of a
cement barrier plug along said longitudinal section of the well. Other types of fluidized

plugging material also exist and may be suitable in the present method.

Yet further, the plurality of sensors may be configured to measure at least one of
pressure and temperature in the fluidized plugging material. This is especially useful
for monitoring and assessing the curing process in cement slurry. Typically, the fluid
temperature will increase and the fluid pressure will decrease in cement slurry
throughout its curing process. Dependent on the type of fluidized plugging material
used in the present method, other curing-indicative parameters than those of cement

slurry also may be of interest.
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In the present method, signals corresponding to in situ measurements of curing-
indicative parameters are acquired from each sensor deployed into the fluidized
plugging material. One or more communication units then transmit such signals to the
surface of the well for retrieval and further analysis with respect to, at least, the
curing status of the fluidized plugging material located within said longitudinal section.
The analysis is therefore based on direct, quantitative in situ measurements of such
curing-indicative parameters, thereby allowing for direct and quantitative assessment
of the integrity status of the barrier plug formed in the well. Advantageously, the
retrieved data and corresponding assessment are compared to empirical data and
results obtained from observing the curing process of the fluidized plugging material in

question under simulated and ideal conditions.

In one embodiment, the method comprises selectively deploying, in step (D), the
plurality of sensors into the fluidized plugging material along substantially the entire
longitudinal section. Naturally, this provides a better overall representation of the

curing process along substantially the entire longitudinal section.

The mechanical plug, which is anchored to the pipe string for supporting the fluidized
plugging material, may be selected from mechanical plugs known in the industry and
used in various well operations. Any suitable type of mechanical plug may be used in

the present method.

The stiff rod along which the plurality of sensors are distributed may have any
appropriate cross-sectional shape and be formed from any suitable material, for
example a lightweight and/or reinforced material, such as aluminium, fiberglass,
carbon fibre or similar, or combinations thereof. The term “stiff rod” is not meant to
imply that the rod is completely rigid and inflexible. The rod may therefore be
somewhat pliable, yet retaining some rigidity, whereby the rod may be classified as a
semi-stiff or semi-pliable rod. Further, the stiff rod and the mechanical plug are
configured so as to be movable relative to one another, thereby allowing the rod to be
moved into the fluidized plugging material at an appropriate point in time. As such,
the stiff rod may extend through or alongside the mechanical plug. The rod may also
be releasably encased in a protective housing, sleeve or similar. Various methods of
deploying the rod into the plugging material are envisaged. Such methods may be
based on known methods of deploying downhole equipment into the confinement of a
well, including use of e.g. suitable release mechanisms and structural elements
thereof, such as a spring-loaded mechanisms, which may be released via associated

timers, actuators or similar.



10

15

20

25

30

Further, at least an uppermost part of the stiff rod may be buoyant for facilitating

longitudinal moving of the rod into said extended, operative position.

Yet further, an uppermost part of the stiff rod may comprise a connection device
selectively connectable to a separate connection line for deployment of the rod in step
(D). As such, said uppermost part of the stiff rod may include a connector releasably
connectable to a suitable connector attached to a lower end portion of said connection

line.

Accordingly, the separate connection line may comprise one of a wireline, coiled
tubing and a drill string. Such connection lines are known in the industry and will

therefore not be discussed in further detail herein.

Moreover, the flexible line along which the plurality of sensors are distributed may
have any appropriate cross-sectional shape and be formed from any suitable material,
for example a lightweight and/or reinforced material, such as reinforced rubber or
elastomer materials or similar. The flexible line may be alternative or additional to the
stiff rod. Furthermore, reference to a compacted flexible line implies a flexible line that
somehow has been reduced in extent from a somewhat extended configuration to a
more compact configuration, for example via bundling, folding, coiling or similar. The
flexible line and the mechanical plug are also configured so as to allow the compacted
part of the flexible line to be released from the mechanical plug, thereby allowing the
free part of the line to be moved and extended into the fluidized plugging material at
an appropriate point in time. When in its compacted and inoperative position, the
flexible line may be releasably encased within a protective housing, sleeve or similar
associated with the mechanical plug. Various methods of deploying the compacted line
into the plugging material are envisaged. Such methods may be based on known
methods of deploying downhole equipment into the confinement of a well, including
use of e.g. suitable release mechanisms, such as a spring-loaded mechanism released
via an associated timer, actuators and connections therefore. For example, such
equipment may be used to release the compacted line from said protective housing,

sleeve or similar.

Further, at least an uppermost part of the flexible line may be buoyant for facilitating

movement of the flexible line into said extended, operative position.

Yet further, an uppermost part of the flexible line may comprise a connection device
selectively connectable to a separate connection line for deployment of the flexible line

in step (D). As such, said uppermost part of the flexible line may include a connector
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releasably connectable to a suitable connector attached to a lower end portion of said

connection line.

As noted, the separate connection line may comprise one of a wireline, coiled tubing
and a drill string, all of which are known in the industry and will therefore not be

discussed in further detail herein.

In an embodiment of the method, at least one communication unit may be connected
to the mechanical plug;

- wherein said communication unit is configured to transmit acoustic signals; and
wherein the method comprises further transmitting, in step (E), said acoustic signals

via the pipe string.

As such, said communication unit may be positioned below the mechanical plug.

Further, the method may comprise positioning, in step (B), at least one pressure
sensor below the mechanical plug;

- wherein said pressure sensor is configured to measure a first pressure in a first
fluid located below the mechanical plug; and

- wherein said communication unit is configured to receive, from said pressure
sensor, measurements of the first pressure in the first fluid located below the
mechanical plug, and to further transmit signals corresponding to said first pressure
measurements to the surface of the well; and
wherein the method also comprises measuring and further transmitting signals
corresponding to said first fluid pressure over an extended period of time surpassing
said period of time required to assess said curing status of the fluidized plugging

material.

By so doing, the first fluid pressure below the mechanical plug is allowed to be
compared, over said extended period of time, with a second fluid pressure in a second
fluid located above the fluidized plugging material in the pipe string, thereby also
allowing assessment and potential verification of the integrity of the barrier plug over

said extended period of time.

Yet further, at least one communication unit may be connected to an uppermost part
of the elongate carrier body;

- wherein said communication unit is configured to transmit signals in a liquid; and
wherein the method comprises further transmitting, in step (E), said signals via a
liquid located above the fluidized plugging material and extending to the surface of the

well.
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Further, said communication unit may be buoyant for allowing the communication unit
to float. As such, the communication unit may float in the fluidized plugging material

or in the liquid located above the fluidized plugging material.

Yet further, said liquid-transferred signals may comprise one of acoustic signals,
electromagnetic signals and pulsed pressure signals. As such, said electromagnetic

signals may comprise radio frequency signals.

The method may also comprise positioning, in step (D), at least one sensor at the
bottom of the longitudinal section. Considering that a barrier plug generally is to
contain fluid pressures from deeper zones in a well, this embodiment of the method
allows plug integrity assessment of the part of the barrier plug located closest to the

influence of such deeper fluid pressures.

In a further variant, said annulus between the wellbore and the pipe string, and along
the longitudinal section, already has been plugged and sealed before initiating the
method; and

wherein the method comprises placing, in step (C), the fluidized plugging material
inside the pipe string along the longitudinal section. Owing to the prior sealing of said
annulus, a plug only needs to be formed inside the pipe string in order to form a
barrier plug spanning a complete cross section of the well along the longitudinal

section.

Alternatively, step (C) of the method may comprise the following preceding sub-steps:
(C1) lowering a perforation tool into the pipe string and down to the longitudinal
section where the barrier plug is to be formed; and

(C2) with the perforation tool, forming a plurality of holes in the pipe string along

the longitudinal section.

By so doing, the fluidized plugging material is also allowed, in step (C), to enter said
annulus between the wellbore and the pipe string so as to form, upon curing, said
barrier plug covering both the pipe string and said annulus along the longitudinal

section of the well.

Further to the preceding embodiment, step (C) of the method may also comprise the
following preceding sub-steps:

(C3) with a washing tool attached to a lower end of a flow-through work string,
lowering the washing tool into the pipe string and down to the perforated longitudinal
section;

(C4) pumping a washing fluid down through the work string and out into the pipe
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string via the washing tool; and

(C5) with a directional means connected to the washing tool, conducting the
washing fluid further out into said annulus via said holes in the pipe string along the
longitudinal section, thereby cleaning both the pipe string and the annulus along said

longitudinal section of the well.

The washing tool may be moved in a suitable manner within the pipe string whilst
washing and cleaning, thereby improving the cleaning efficiency thereof. Typically, the
first washing pass is from top to bottom within the longitudinal section of the well, and
then from bottom to top in the next washing pass. This washing procedure may be

repeated, as appropriate.

Importantly, sub-steps (C3), (C4) and (C5) occur after sub-steps (C1) and (C2). The
directional means referred to in step (C5) may include suitable flow guides, angled

fluid outlets, jetting nozzles, etc. for directing said washing fluid out into said annulus.

Further details pertaining to sub-steps (C1)-(C5) are disclosed in the above-mentioned
prior art publications WO 2012/096580 A1, WO 2013/133719 A1, WO 2013/133720
Al and WO 2015/034369 Al.

Moreover, method steps (A) and (B) may be performed substantially simultaneously.
This may prove advantageous in the event that, for example, one or both of said at
least one communication unit and said at least one sensor is/are connected to a

mechanical plug upon deployment thereof into the well.

Method steps (C) and (D) may also be performed substantially simultaneously. Such
an endeavour may facilitate deployment of the at least one sensor into the fluidized

plugging material in the pipe string.

Short description of the figures of an embodiment of the invention

Hereinafter, a non-limiting example of an embodiment of the present method is

described and depicted in the accompanying drawings, where:

Figure 1 shows, in side view, a portion of a subterranean well within which a
sealing cement barrier plug is to be formed along a longitudinal section

thereof in order to plug and abandon the well;

Figure 2 shows, in side view, the well of Figure 1 after having installed a
mechanical plug in a casing string in the well, and below the longitudinal

section, said mechanical plug including a communication unit and a stiff
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Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

12

rod with sensors shown in an inoperative and retracted position below the

mechanical plug;

shows, in larger scale, features of a lower end of the stiff rod and the
mechanical plug of Figure 2 whilst said stiff rod is in its inoperative and

retracted position below the mechanical plug;

shows, in side view, the well of Figure 2 after having formed holes in the
casing string along the longitudinal section above the mechanical plug,
and after having washed and cleaned the inside and the outside of the

casing string;

shows, in side view, the well of Figure 4 after having placed cement slurry
along the longitudinal section above the mechanical plug, and across a

complete cross section of the well;

shows, in side view, the well of Figure 5 after having activated said stiff
rod with sensors so as to extend the rod into an operative position above
the mechanical plug, and after having activated the communication unit
so as to transmit signals indicative of cement curing to the surface of the
well for assessing the curing status of said cement slurry, and also
transmitting signals representing a first fluid pressure below the

mechanical plug;

shows, in larger scale, features of the mechanical plug of Figure 6 whilst
the stiff rod is in its operative and extended position above the mechanical

plug; and

shows, in side view, the well of Figure 7 after curing of said cement slurry
into a solid cement barrier plug along the longitudinal section, and whilst
still transmitting said signals representing said first fluid pressure below
the mechanical plug for assessing the integrity of the cement barrier plug;

and

shows, in larger scale, features of the mechanical plug of Figure 8 whilst
still transmitting said signals representing said first fluid pressure below

the mechanical plug.

The figures are schematic and merely show steps, details and equipment being

essential to the understanding of the invention. Further, the figures are distorted with
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respect to relative dimensions of elements and details shown therein. Further, the
figures are depicted somewhat simplified with respect to the shape and richness of
detail of such elements and details. Elements not essential to the invention may also
lack in the figures. Yet further, equal, equivalent or corresponding details shown in the

figures are given substantially the same or similar reference numerals.

Description of the embodiment of the invention

Figure 1 shows a subterranean well 2 extending through a surrounding rock formation
4. The well 2 comprises a wellbore 6, a casing string 8 placed within the wellbore 6,
and an annulus 10 located between the wellbore 6 and the casing string 8. The
annulus 10 contains remnant fluids and solid particles 12, such as cement residues
and particles settled out from drilling mud in the annulus 10. A cement barrier plug

60 (see Figures 8 and 9) is to be formed within at least a longitudinal section L of the
well 2, and across a complete cross section T thereof, thereby ensuring proper sealing
of the well 2.

Figures 2 and 3 show the well 2 after having lowered a mechanical plug 14 into the
casing string 8 and anchored it to the casing string 8 immediately below the
longitudinal section L. A communication unit 16 is positioned immediately below the
mechanical plug 14 and is connected thereto. A pressure pad 18 is embedded in the
mechanical plug 14 at an upper side thereof. The pressure pad 18 is connected to the
communication unit 16 via an internal communication line 20 in the mechanical plug
14. The purpose of the pressure pad 18 is to selectively activate, by virtue of exerting
a given fluid overpressure onto the pressure pad 18, the communication unit 16 and
associated means and operations. Said activating fluid overpressure must be
sufficiently high so as to avoid unintentional activation of said communication unit 16
and associated means and operations due to preceding manipulation of fluid pressures
above the pressure pad 18. Such a pressure manipulation may arise in context of
washing and cleaning the casing string 8 and said annulus 10 along the longitudinal

section L using a suitable washing tool, as discussed below in relation to Figure 4.

Moreover, an axial opening 22 in the mechanical plug 14 connects the upper side
thereof with a larger recessed opening 24 formed in the mechanical plug 14 at a lower
side thereof, thereby providing a through opening in the mechanical plug 14. An
elongate housing 26 having an open upper part 26a and a closed lower part 26b is
provided below the mechanical plug 14. The open upper part 26a is connected to the
mechanical plug 14 and is aligned with said larger recessed opening 24 formed

therein. An elongate carrier body in the form of a stiff rod 28 is releasably disposed in
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14

an inoperative and retracted position within the elongate housing 26. In this position,
a lower end of the stiff rod 28 is located near said closed lower part 26b of the
elongate housing 26, whilst an upper end portion of the stiff rod 28 extends through
said openings 22, 24 in the mechanical plug 14 so as to terminate at the upper side
thereof, where a releasable cover 30 protects the stiff rod 28 from any contamination
and physical damage from above. The protective cover 30 is torn off and removed
(not shown) when selectively deploying the stiff rod 28 into its extended and operative

position above the mechanical plug 14.

Furthermore, several sensors 32 are distributed evenly along the stiff rod 28, which
spans a length corresponding substantially to that of said longitudinal section L. Each
sensor 32 along the stiff rod 28 is connected, via internal wiring 34 in the rod 28, to a
common contact probe 36 mounted at a lower end of the stiff rod 28, as shown in
further detail in Figure 3. The contact probe 36 is in moving contact with a contact rail
38 mounted longitudinally along the inside of the elongate housing 26. An upper end
of the contact rail 38 is connected to a contact box 40 embedded in the mechanical
plug 14 at the lower side thereof. The contact box 40 is also connected to the
communication unit 16 via internal wiring 42 in the mechanical plug 14, as shown in
further detail in Figure 3. Besides providing a guide for the stiff rod 28 when being
deployed and moving longitudinally within the elongate housing 26, said moving
contact arrangement in the elongate housing 26 ensures contact, hence ensures
communication, between said sensors 32 and the communication unit 16 for any
position of the stiff rod 28 within the elongate housing 26. This continuous contact is
important should the stiff rod 28 not become fully deployed upon selective activation

thereof.

In this exemplary embodiment, said sensors 32 are configured to measure pressure
and temperature of a surrounding fluid, such as cement slurry. When operative, said
communication unit 16 is configured to receive such measurements from the sensors
32, and then to further transmit, via so-called ping technology, corresponding acoustic
signals through the casing string 8 onto the surface (not shown) of the well 2. Said
ping-technology is known in the art and will therefore not be discussed in further
detail herein. Being an exemplary embodiment, it is to be understood that each such
sensor 32 may comprise an assembly of a pressure sensor and a temperature sensor,
or it may comprise an individual pressure sensor and an individual temperature sensor
located at substantially the same position along the stiff rod 28. It is also to be
understood that individual pressure sensors may be located at positions dissimilar to

individual temperature sensors located along the stiff rod 28. It is also to be
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understood that any suitable or desirable combination and/or positioning of sensors 32
may be used along the stiff rod 28. This also pertains to any other types of sensors
that potentially could be provided along such a stiff rod 28 or other suitable type of

elongate carrier body.

Figures 2 and 3 also show a driving means, in the form of an electric motor 44, and a
toothed pinion 46, which is drivingly connected to the motor 44, embedded in the wall
around said axial opening 22 in the mechanical plug 14. The teeth of the pinion 44
protrude some distance into said axial opening 22 so as to engage cooperating teeth
on a toothed rack 48 arranged along the stiff rod 28. Activation of the electric motor
44 and associated rotation of the pinion 46 thus drives the toothed rack 48, and thus
the stiff rod 28 along which the rack 48 is arranged, in a linear motion out of the

elongate housing 26 and into the casing string 8 above the mechanical plug 14.

Further, the communication unit 16 includes a movable signal probe 50 for selectively
and physically engaging the casing string 8, thereby allowing transmission of said
acoustic signals from the communication unit 16 via the casing string 8 onto the
surface of the well 2, as described above. The signal probe 50 is shown in a retracted
and inoperative position in Figures 2-5. The communication unit 16 also includes
various electronic and physical components (not shown), such as a motor or actuator
for the signal probe 50, a signal processing program for processing data received from
the sensors 32, signal transmission components for transmitting acoustic signals via
the signal probe 36 and onwards, and a power source including one or more batteries

for powering equipment associated with or connected to the communication unit 16.

In the present embodiment, the communication unit 16 is also connected to a
pressure sensor 52 located below the mechanical plug 14 for measuring a first
pressure P1 in a first fluid 54 (i.e. a liquid and/or a gas) located in the casing string 8
below the mechanical plug 14. The communication unit 16 is configured to receive and
further transmit acoustic signals corresponding to such first pressure measurements in
the first fluid 54 located below the mechanical plug 14. Similar to the signals derived
from the sensors 32 along the stiff rod 28, the pressure data P1 from the pressure
sensor 52 are processed in the communication unit 16 and corresponding pressure
signals are transmitted to the surface of the well 2 via the casing string 8, and via said
ping technology. Acquisition of such pressure data P1 may take place for an extended
period of time surpassing the period of time required to assess the curing status of a
cement barrier plug 60" (see Figures 8 and 9) formed from cement slurry 60 (see

Figure 5) and located above the mechanical plug 14. Said acquisition allows such
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pressure data P1 to be compared with measurements of a second pressure P2
acquired, over said extended period of time, from a second fluid 56 (i.e. a liquid
and/or a gas) located above said cement barrier plug 60°. This, in turn, renders
possible to observe any pressure build-ups below and/or above the cement barrier
plug 607, thereby rendering possible to assess and potentially verify the integrity of

the cement barrier plug 60" over said extended period of time, as described above.

Figure 4 shows the well 2 after having formed a plurality of holes 58 (or perforations)
in the casing string 8 along said longitudinal section L using a suitable perforation tool
(not shown), and after having washed and cleaned the casing string 8 and said
annulus 10 along the longitudinal section L using a suitable washing tool (not shown).
By so doing, said solid particles 12 in the annulus 10 have been removed therefrom,
thereby preparing the longitudinal section L for subsequent plugging and sealing

thereof.

Figure 5 shows the well 2 shortly after having placed cement slurry 60 above the
mechanical plug 14, and along the perforated longitudinal section L of the well 2 so as
to span the complete cross section T thereof. This process is described in said prior art
publications WO 2012/096580 A1, WO 2013/133719 A1, WO 2013/133720 Al and
WO 2015/034369 Al and will therefore not be described in further detail herein. Once
cured and solidified, the cement slurry 60 forms said cement barrier plug 60" in the

well 2.

Figures 6 and 7 show the well 2 after having activated the communication unit 16 by
pressurizing the cement slurry 60 and thus exerting a given overpressure onto the
pressure pad 18. Due to its internal configuration, activation of the communication
unit 16 also activates said signal probe 50, said electric motor 44 and communication
of data from said sensors 32 along the stiff rod 28, as well as pressure data P1 from
said pressure sensor 52 located below the mechanical plug 14. A suitable moving
means, such as a motor or actuator (not shown), therefore moves and extends the
signal probe 50 into physical contact with the casing string 8, thereby allowing
transmission of acoustic signals to the surface via the casing string 8, as described
above. Further, activation of the communication unit 16 activates the electric motor
44 so as to rotate said toothed pinion 46 against said toothed rack 48 along the stiff
rod 28. This, in turn, drives the stiff rod 28 and its sensors 32 out of the elongate
housing 26 and into its operative and fully extended position within the cement slurry
60 above the mechanical plug 14. When fully extended, the stiff rod 28 covers

substantially the entire longitudinal section L, as shown in Figure 6. By so doing,
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curing-indicative pressure and temperature measurements are acquired and
transmitted from cement slurry 60 located along substantially the entire longitudinal

section L of the well 2.

The curing-indicative pressure and temperature signals retrieved at the surface of the
well 2 are then analysed to assess, for each sensor position along the stiff rod 28, the
curing status of the cement slurry 60 after said period of time. Typically, the
temperature will increase and the fluid pressure will decrease in cement slurry 60
throughout its curing process. This analysis also allows assessment of the integrity

status of the cement barrier plug 60° thus formed in the well 2.

Figures 8 and 9 show the well 2 after a period of time where said cement slurry 60 has
cured so as to form a cement barrier plug 60" spanning the complete cross section T
of said longitudinal section L of the well 2. At this point in time, only signals
corresponding to pressure measurements P1 from said pressure sensor 52 below the
mechanical plug 14 are transmitted for an extended period time to assess and
potentially verify the integrity of the cement barrier plug 60", as described above in

relation to Figures 2 and 3.

Other embodiments of the present method are also conceivable. As such, other types,
amounts, positions and configurations of said communication unit 16, sensors 32 and
52, driving means 44, 46, moving means and associated equipment may be used in

the method, as alluded to in the above summary of the invention.

Further, it may be argued that the present method does not acquire and transmit any
measurements from the fluidized plugging material 60 (e.g. cement slurry) located
within said annulus 10 outside the casing string 8. Considering the disadvantages of
the above-mentioned prior art methods of testing and verifying the integrity of a
pressure-isolating barrier plug 60, obtaining and assessing curing-indicative
measurements from several different locations within the fluidized plugging material
60, and whilst curing inside the casing string 8, represents a significant improvement

over said prior art testing/verification methods.

It also appears reasonable to assume that the curing status of the fluidized plugging
material 60 at any measuring location within the casing string 8 is representative, or
at least indicative, of the curing status thereof at substantially the same level in the
annulus 10 outside the casing string 8. Clearly, obtaining curing-indicative data from a
plurality of sensors 32 distributed along the longitudinal section L will provide a more

credible overall representation of the curing status (and final curing) of the fluidized
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plugging material 60 when measured over said period of time in the well 2. Yet
further, support for such assumptions may be obtained from practical tests setting out
to simulate various well conditions, curing scenarios, sensor configurations and sensor
distributions in and along such a plugging material 60. Such tests may provide
empirical data for making credible assumptions with respect to the curing status of
fluidized plugging material 60 along the longitudinal section L, and across the entire
cross section T thereof, thereby lending credibility to the present method as a superior

method of verifying the integrity of a barrier plug 60" thus formed in the well 2.
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Claims

A method of assessing the integrity status of a barrier plug (60") formed within
a longitudinal section (L) of a subterranean well (2) comprising a wellbore (6), a
pipe string (8) placed within the wellbore (2), and an annulus (10) located
between the wellbore (6) and the pipe string (8), the method comprising the
following combination of steps:
(A) anchoring a mechanical plug (14) to the pipe string (8) below said
longitudinal section (L) in the well (2), and at least inside the pipe string (8);
(B) disposing at least one communication unit (16) and at least one sensor
(32) in the well (2), said communication unit (16) and said sensor (32)
configured to communicate when operative in the well (2);

- wherein said at least one sensor (32) is configured to measure at least one
parameter of a fluid; and

- wherein said at least one communication unit (16) is configured to receive,
from said sensor (32), measurements of the at least one fluid parameter, and to
further transmit signals corresponding to said sensor measurements;
(C) placing a fluidized and curable plugging material (60) in the pipe string
(8) above the mechanical plug (14), and along the longitudinal section (L), said
fluidized plugging material (60) forming, upon curing, said barrier plug (60 ") in
the well (2);
(D) selectively deploying the at least one sensor (32) into the fluidized
plugging material (60) in the pipe string (8), and at least along a part of the
longitudinal section (L);
(E) with the at least one sensor (32), measuring at least one curing-
indicative parameter of the fluidized plugging material (60) over a period of
time; and

with the at least one communication unit (16), receiving sensor

measurements of the at least one curing-indicative parameter over said period of
time, and further transmitting signals corresponding to said curing-indicative
measurements to the surface of the well (2);
(F) retrieving said transmitted signals at the surface of the well (2); and
(G) analysing the retrieved signals and assessing, for each sensor position,
the curing status of the fluidized plugging material (60) after said period of time,
thereby also assessing the integrity status of the barrier plug (60 ") thus formed
in the well (2);
the method also comprising:

- distributing, before step (B), a plurality of sensors (32) along an elongate
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carrier body (28); and

- selectively deploying, in step (D), the elongate carrier body (28) and its
sensors (32) into the fluidized plugging material (60) in the pipe string (8),
characterized in thatthe elongate carrier body (28) is
comprised of at least one of:

Q) a stiff rod along which the plurality of sensors (32) are distributed;
wherein the stiff rod is movably connected to the mechanical plug (14) so as to
be longitudinally movable relative to the mechanical plug (14) and thus the pipe
string (8); wherein the stiff rod is movable from an inoperative position where at
least most of the rod is retracted below the mechanical plug (14), and an
operative position where said sensors (32) along the rod are extended into the
fluidized plugging material (60) above the mechanical plug (14); and wherein
the method comprises selectively moving, in step (D), the stiff rod from said
retracted, inoperative position to said extended, operative position; and

(ii) a flexible line along which the plurality of sensors (32) are distributed;
wherein an uppermost part of the flexible line is free and a lowermost part
thereof is connected to the mechanical plug (14); wherein the flexible line is
movable from an inoperative position where at least most of the flexible line is
releasably compacted at the mechanical plug (14), and an operative position
where said sensors (32) along the flexible line are extended into the fluidized
plugging material (60) above the mechanical plug (14); and wherein the method
comprises selectively releasing and moving, in step (D), the free uppermost part
of the flexible line from said compacted, inoperative position to said extended,

operative position.

The method according to claim 1, wherein the method comprises selectively
deploying, in step (D), the plurality of sensors (32) along substantially the entire

longitudinal section (L).

The method according to claim 1 or 2, wherein an uppermost part of the stiff rod
(28) comprises a connection device selectively connectable to a separate

connection line for deployment of the rod (28) in step (D).

The method according to claim 1 or 2, wherein an uppermost part of the flexible
line (28) comprises a connection device selectively connectable to a separate

connection line for deployment of the flexible line in step (D).

The method according to any one of claims 1-4, wherein at least one

communication unit (16) is connected to the mechanical plug (14);
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- wherein said communication unit (16) is configured to transmit acoustic
signals; and
wherein the method comprises further transmitting, in step (E), said acoustic

signals via the pipe string (8).

The method according to claim 5, wherein said communication unit (16) is

positioned below the mechanical plug (14).

The method according to any one of claims 1-6, wherein the method comprises
positioning, in step (B), at least one pressure sensor (52) below the mechanical
plug (14);

- wherein said pressure sensor (52) is configured to measure a first pressure
(P1) in a first fluid (54) located below the mechanical plug (14); and

- wherein said communication unit (16) is configured to receive, from said
pressure sensor (52), measurements of the first pressure (P1) in the first fluid
(54) located below the mechanical plug (14), and to further transmit signals
corresponding to said first pressure measurements to the surface of the well (2);
and
wherein the method also comprises measuring and further transmitting signals
corresponding to said first fluid pressure (P1) over an extended period of time
surpassing said period of time required to assess said curing status of the
fluidized plugging material (60);
thereby allowing the first fluid pressure (P1) below the mechanical plug (14) to
be compared, over said extended period of time, with a second fluid pressure
(P2) in a second fluid (56) located above the fluidized plugging material (60) in
the pipe string (8), thereby also allowing assessment and potential verification of

the integrity of the barrier plug (60 ") over said extended period of time.

The method according to any one of claims 1-7, wherein at least one
communication unit (16) is connected to an uppermost part of the elongate
carrier body (28);

- wherein said communication unit (16) is configured to transmit signals in a
liquid; and

wherein the method comprises further transmitting, in step (E), said signals via
a liquid (56) located above the fluidized plugging material (60) and extending to

the surface of the well (2).
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The method according to claim 8, wherein said liquid-transferred signals
comprise one of acoustic signals, electromagnetic signals and pulsed pressure

signals.

The method according to any one of claims 1-9, wherein the method also
comprises positioning, in step (D), at least one sensor (32) at the bottom of the

longitudinal section (L).

The method according to any one of claims 1-10, wherein said annulus (10)
between the wellbore (6) and the pipe string (8), and along the longitudinal
section (L), already has been plugged and sealed before initiating the method;
and

wherein the method comprises placing, in step (C), the fluidized plugging

material (60) inside the pipe string (8) along the longitudinal section (L).

The method according to any one of claims 1-10, wherein step (C) of the method
comprises the following preceding sub-steps:

(C1) lowering a perforation tool into the pipe string (8) and down to the
longitudinal section (L) where the barrier plug (60 ") is to be formed; and

(C2) with the perforation tool, forming a plurality of holes (58) in the pipe
string (8) along the longitudinal section (L);

whereby the fluidized plugging material (60) also is allowed, in step (C), to enter
said annulus (10) between the wellbore (6) and the pipe string (8) so as to form,
upon curing, said barrier plug (60°) covering both the pipe string (8) and said
annulus (10) along the longitudinal section (L) of the well (2).

The method according to claim 12, wherein step (C) of the method also
comprises the following preceding sub-steps:

(C3) with a washing tool attached to a lower end of a flow-through work
string, lowering the washing tool into the pipe string (8) and down to the
perforated longitudinal section (L);

(C4) pumping a washing fluid down through the work string and out into the
pipe string (8) via the washing tool; and

(C5) with a directional means connected to the washing tool, conducting the
washing fluid further out into said annulus (10) via said holes (58) in the pipe
string (8) along the longitudinal section (L), thereby cleaning both the pipe string
(8) and the annulus (10) along said longitudinal section (L) of the well (2).
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Patentkrayv

Fremgangsmate for & bedgmme integritetsstatusen for en barriereplugg (60 ")
tildannet innenfor en lengdeseksjon (L) av en underjordisk brgnn (2) som
omfatter et brgnnhull (6), en r@grstreng (8) plassert innenfor brgnnhullet (2), og
et ringrom (10) som befinner seg mellom brgnnhullet (6) og r@rstrengen (8),
hvor fremgangsmaten omfatter fglgende kombinasjon av trinn:
(A) & forankre en mekanisk plugg (14) til rerstrengen (8) nedenfor nevnte
lengdeseksjon (L) i brgnnen (2), og i det minste pa innsiden av rgrstrengen (8);
(B) 3 anbringe minst én kommunikasjonsenhet (16) og minst én sensor (32)
i brgnnen (2), hvor nevnte kommunikasjonsenhet (16) og nevnte sensor (32) er
konfigurert til & kommunisere nar disse er operative i bronnen (2);

- hvor nevnte minst ene sensor (32) er konfigurert til § male minst én
parameter av et fluid; og

- hvor nevnte minst ene kommunikasjonsenhet (16) er konfigurert til 3
motta, fra nevnte sensor (32), mélinger av den minst ene fluidparameter, og til
& videreoverfgre signaler som samsvarer med nevnte sensormalinger;
(C) & plassere et fluidisert og herdbart pluggemateriale (60) i rérstrengen
(8) ovenfor den mekanisk plugg (14), og langs lengdeseksjonen (L), hvor nevnte
fluidiserte pluggemateriale (60) danner, ved herding, nevnte barriereplugg (60°)
i brgannen (2);
(D) & selektivt utplassere den minst ene sensor (32) i det fluidiserte
pluggemateriale (60) i rgrstrengen (8), og i det minste langs en del av
lengdeseksjonen (L);
(E) med den minst ene sensor (32), & male minst én herdeindikativ
parameter av det fluidiserte pluggemateriale (60) over en tidsperiode; og

med den minst ene kommunikasjonsenhet (16), 8 motta sensormélinger

av den minst ene herdeindikative parameter over nevnte tidsperiode, og &
videreoverfgre signaler som samsvarer med nevnte herdeindikative malinger til
overflaten av brgnnen (2);
(P & gjenfinne nevnte overforte signaler ved overflaten av brgnnen (2); og
(G) & analysere de gjenfunne signaler og bedémme, for hver sensorposisjon,
herdestatusen for det fluidiserte pluggemateriale (60) etter nevnte tidsperiode,
hvorved integritetsstatusen for barrierepluggen (60 ) som er tildannet pa dette
vis i brgnnen (2) ogsd bedgmmes;
hvor fremgangsmaten ogsa omfatter:
- fgr trinn (B), & fordele et flertall av sensorer (32) langs et langstrakt

baerelegeme (28); og

343153



10

15

20

25

30

24

- i trinn (D), & selektivt utplassere det langstrakte baerelegeme (28) og dets
sensorer (32) i det fluidiserte pluggemateriale (60) i rgrstrengen (8),
karakterisert ved atdetlangstrakte baerelegeme (28)
utgjgres av minst én av:

() en stiv stang langs hvilken flertallet av sensorer (32) er fordelt; hvor
den stive stang er bevegelig forbundet med den mekaniske plugg (14) for
derved & vaere langsgdende bevegelig i forhold til den mekaniske plugg (14) og
derved rgrstrengen (8); hvor den stive stang er bevegelig fra en inoperativ
posisjon hvor i det minste det meste av stangen er trukket tilbake nedenfor den
mekaniske plugg (14), og en operativ posisjon hvor nevnte sensorer (32) langs
stangen er strukket ut i det fluidiserte pluggemateriale (60) ovenfor den
mekaniske plugg (14); og hvor fremgangsmaten omfatter & selektivt bevege, i
trinn (D), den stive stang fra nevnte tilbaketrukne, inoperative posisjon til
nevnte utstrakte, operative posisjon; og

(ii) en fleksibel ledning langs hvilken flertallet av sensorer (32) er fordelt;
hvor en gverste del av den fleksible ledning er fri og en nederste del av denne er
forbundet med den mekaniske plugg (14); hvor den fleksible ledning er
bevegelig fra en inoperativ posisjon hvor i det minste det meste av den fleksible
ledning er Igsbart kompaktert ved den mekaniske plugg (14), og en operativ
posisjon hvor nevnte sensorer (32) langs den fleksible ledning er strukket ut i
det fluidiserte pluggemateriale (60) ovenfor den mekaniske plugg (14); og hvor
fremgangsmaten omfatter & selektivt utlgse og bevege, i trinn (D), den frie
gverste del av den fleksible ledning fra nevnte kompakterte, inoperative posisjon

til nevnte utstrakte, operative posisjon.

Fremgangsmate ifglge krav 1, hvor fremgangsmaten omfatter & selektivt
utplassere, i trinn (D), flertallet av sensorer (32) langs hovedsakelig den

helhetlige lengdeseksjon (L).

Fremgangsmate ifglge krav 1 eller 2, hvor en gverste del av den stive stang (28)
omfatter en forbindelsesanordning som er selektivt forbindbar med en separat

forbindelsesledning for utplassering av stangen (28) i trinn (D).

Fremgangsmate ifalge krav 1 eller 2, hvor en gverste del av den fleksible ledning
(28) omfatter en forbindelsesanordning som er selektivt forbindbar med en

separat forbindelsesledning for utplassering av den fleksible ledning (28) i trinn

(D).
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Fremgangsmate ifglge et hvilket som helst av kravene 1-4, hvor minst én
kommunikasjonsenhet (16) er forbundet med den mekaniske plugg (14);

- hvor nevnte kommunikasjonsenhet (16) er konfigurert til & overfgre akustiske
signaler; og

hvor fremgangsmé’]ten omfatter & videreoverfgre, i trinn (E), nevnte akustiske

signaler via rgrstrengen (8).

Fremgangsmate ifglge krav 5, hvor nevnte kommunikasjonsenhet (16) er

posisjonert nedenfor den mekaniske plugg (14).

Fremgangsmate ifalge et hvilket som helst av kravene 1-6, hvor
fremgangsméten omfatter & posisjonere, i trinn (B), minst én trykksensor (40)
nedenfor den mekaniske plugg (14);

- hvor nevnte trykksensor (40) er konfigurert til & male et fgrste trykk (P1) i
et fgrste fluid (54) som befinner seg nedenfor den mekaniske plugg (14); og

- hvor nevnte kommunikasjonsenhet (16) er konfigurert til & motta, fra
nevnte trykksensor (40), malinger av det fgrste trykk (P1) i det farste fluid (54)
som befinner seg nedenfor den mekaniske plugg (14), og 8 videreoverfgre
signaler som samsvarer med nevnte fgrste trykkmalinger til overflaten av
brgnnen (2); og
hvor fremgangsmaten ogsa omfatter & méle og videreoverfare signaler som
samsvarer med nevnte fgrste fluidtrykk (P1), over en forlenget tidsperiode som
overstiger nevnte tidsperiode som er ngdvendig for & bedgmme nevnte
herdestatus for det fluidiserte pluggemateriale (60);
hvilket gjgr det mulig, over nevnte forlengede tidsperiode, 8 sammenlikne det
farste fluidtrykk (P1) nedenfor den mekaniske plugg (14) med et andre
fluidtrykk (P2) i et andre fluid (56) som befinner seg ovenfor det fluidiserte
pluggemateriale (60) i rarstrengen (8), hvilket ogsd muliggjgr bedsmmelse og
potensiell verifisering av integriteten til barrierepluggen (60 ") over nevnte

forlengede tidsperiode.

Fremgangsmate ifglge et hvilket som helst av kravene 1-7, hvor minst én
kommunikasjonsenhet (16) er forbundet med en gverste del av det langstrakte
baerelegeme (28);

- hvor nevnte kommunikasjonsenhet (16) er konfigurert til 8 overfgre signaler i
en vaeske; og

hvor fremgangsmaten omfatter & videreoverfgre, i trinn (E), nevnte signaler via
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en vaeske (56) som befinner seg ovenfor det fluidiserte pluggemateriale (60), og

som strekker seg til overflaten av brgnnen (2).

Fremgangsmate ifglge krav 8, hvor nevnte vaeskeoverfgrte signaler omfatter én

av akustiske signaler, elektromagnetiske signaler og pulsede trykksignaler.

Fremgangsmate ifalge et hvilket som helst av kravene 1-9, hvor
fremgangsméten ogsé omfatter & posisjonere, i trinn (D), minst én sensor (32)

ved bunnen av lengdeseksjonen (L).

Fremgangsmate ifglge et hvilket som helst av kravene 1-10, hvor nevnte
ringrom (10) mellom brgnnhullet (6) og rgrstrengen (8), og langs
lengdeseksjonen (L), allerede er blitt plugget og tettet for fremgangsmaten
iverksettes; og

hvor fremgangsmaten omfatter & plassere, i trinn (C), det fluidiserte

pluggemateriale (60) pa innsiden av rgrstrengen (8) langs lengdeseksjonen (L).

Fremgangsmate ifglge et hvilket som helst av kravene 1-10, hvor trinn (C) av
fremgangsmaten omfatter folgende foregdende undertrinn:

(C1) & senke et perforeringsverktgy ned i rarstrengen (8) og ned til
lengdeseksjonen (L) hvor barrierepluggen (60 ") skal tildannes; og

(C2) med perforeringsverktgyet, & tildanne et flertall av huller (58) i
rgrstrengen (8) langs lengdeseksjonen (L);

hvorved det ogsd er mulig, i trinn (C), for det fluidiserte pluggemateriale (60) &
anlgpe nevnte ringrom (10) mellom brgnnhullet (6) og rgrstrengen (8) for
derved & danne, ved herding, nevnte barriereplugg (60 ") som dekker béde
rgrstrengen (8) og nevnte ringrom (10) langs lengdeseksjonen (L) av brgnnen

(2).

Fremgangsmate ifglge krav 12, hvor trinn (C) av fremgangsmaten ogsa omfatter

folgende foregdende undertrinn:

(C3) med et vaskeverktgy som er festet til en nedre ende av en
gjennomstrgmbar arbeidsstreng, & senke vaskeverktgyet ned i rorstrengen (8)
og ned til den perforerte lengdeseksjon (L);

(C4) & pumpe et vaskefluid ned gjennom arbeidsstrengen og ut i rgrstrengen
(8) via vaskeverktgyet; og

(C5) med et retningsstyremiddel som er forbundet med vaskeverktgyet, &

fare vaskefluidet videre ut i nevnte ringrom (10) via nevnte huller (58) i
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roérstrengen (8) langs lengdeseksjonen (L), hvorved bde rgrstrengen (8) og

ringrommet (10) rengj@res langs nevnte lengdeseksjon (L) av brgnnen (2).
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