EP 3 307 985 B1

Patent Office

s et (11) EP 3 307 985 B1

(1 9) ’ e "llmlmll‘mm“mllmllHm||HH||‘”|‘|H|‘|‘|H‘|H||H‘|H||‘
Patentamt
0 European

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: E21B 33/134 (2006.01) E21B 37/08 (2006.07)
22.07.2020 Bulletin 2020/30 E21B 43/116 (2006.01) E21B 41/00 (22002
(21) Application number: 16807890.5 (86) International application number:
PCT/NO2016/050112

(22) Date of filing: 01.06.2016
(87) International publication number:

WO 2016/200269 (15.12.2016 Gazette 2016/50)

(54) A METHOD OF PLUGGING AND ABANDONING A WELL
VERFAHREN ZUM VERSTOPFEN UND ABSCHLIESSEN EINES BOHRLOCHS
PROCEDE D’OBTURATION ET D’ABANDON D’UN PUITS

(84) Designated Contracting States: * ANDERSEN, Patrick
AL AT BE BG CH CY CZ DE DK EE ES FI FR GR 4046 Hafrsfjord (NO)
HRHUIEISITLILT LULV MC MK MT NL NO PL * @STVOLD, Arnold
PT RO RS SE SI SK SM TR 4032 Stavanger (NO)
¢ DAHL, Arnt, Olav
(30) Priority: 10.06.2015 NO 20150744 4070 Randaberg (NO)
(43) Date of publication of application: (74) Representative: Hamsg Patentbyra AS
18.04.2018 Bulletin 2018/16 P.O. Box 171

4301 Sandnes (NO)
(73) Proprietor: Hydra Systems AS

4098 Tananger (NO) (56) References cited:
EP-A1-2770 161 WO-A1-2013/133719
(72) Inventors: WO-A1-2013/133719 WO-A1-2015/023190
* MYHRE, Morten WO-A1-2015/034369 WO-A1-2015/034369
4056 Tananger (NO) WO-A2-2015/026239 WO-A2-2015/026239
* LARSEN, Arne, Gunnar US-A- 5765 756 US-A1-2013 312 963
4319 Sandnes (NO) US-A1-2013 312 963

* JENSEN, Roy, Inge
4043 HAFRSFJORD (NO)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 307 985 B1 2

Description

[0001] The invention concerns a method of plugging
and abandoning (P & A) a subterranean well. As such,
the present method may be used for temporary or per-
manent plugging and abandonment of such a well. Fur-
ther, the present method may be used in any type of
subterranean well, including petroleum wells, for exam-
ple production wells and injection wells.

[0002] The present method involves perforation,
cleaning and plugging of a longitudinal section of the well
located at a desired depth interval in the well. More spe-
cifically, the invention concerns a method that provides
hydraulic isolation, in the form of a well plug, across a
complete cross section of the well along at least the lon-
gitudinal section thereof. The plug provides pressure-iso-
lation both horizontally and vertically along said longitu-
dinal section of the well. The well is also provided with a
pipe string in at least the longitudinal section of the well
where the pressure-isolating well plug is to be formed.
[0003] Itis known to establish a pressure-isolating bar-
rier in a well by virtue of mechanically milling and remov-
ing a longitudinal section of casing in the well. Cement
slurry is then placed into the milled-away section of the
well so as to form, upon curing, a pressure-isolating ce-
ment barrier across the complete cross section of this
milled-away section of the well. This technology is gen-
erally referred to as "section milling" and has been used
for decades to plug and abandon wells. Such section
milling operations are very time-consuming and very
costly for operators of the wells. Section milling opera-
tions generally require the presence of surface installa-
tions to allow metal shavings, so-called swarf, to be sep-
arated from the well fluids used during such milling op-
erations. Various types of cleaning fluids are frequently
required to allow transportation of such metal shavings
(swarf) up to the surface of the well. Further, such metal
shavings may become lodged in other equipment in the
well, for example in a blowout preventer (BOP), so as to
represent obstructions in the well. Such metal shavings
are also troublesome to dispose of and generally repre-
sent hazardous materials to handle.

[0004] Itis also known to establish such a well plug by
means of the method and washing tool disclosed in WO
2012/096580 A1 (termed HydraWash technology). This
method is suitable for use together with the displacement
apparatus and method disclosed in WO 2012/128644 A2
(termed Archimedes technology).

[0005] Further, WO 2015/034369 A1 discloses a meth-
od for isolation of a permeable zone in a subterranean
well. The method employs a flushing tool generating one
or more flushing jets for cleaning an annulus of the well
before forming a flow-controlling plug in the well. At least
one flushing jet is angled relative to a longitudinal axis of
the flushing tool.

[0006] The object of the invention is to remedy or re-
duce at least one disadvantage of the prior art, which
includes said section milling technology, or at least to
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provide a useful alternative to the prior art.

[0007] The objectis achieved by virtue of features dis-
closed in the following description and in the subsequent
claims.

[0008] The invention concerns a method of plugging
and abandoning (P & A) a well temporarily or permanent-
ly. The method involves perforation, cleaning and plug-
ging of a longitudinal section of the well, said longitudinal
section comprising a wellbore, a pipe string placed within
the wellbore, and an annulus located between the well-
bore and the pipe string.

[0009] The present method comprises the following
steps:

(A) lowering a perforation tool into the pipe string
onto said longitudinal section of the well;

(B) by means of the perforation tool, forming perfo-
rations (i.e. penetrating holes) in the pipe string along
said longitudinal section;

(C) by means of a flushing tool attached to a lower
end portion of a tubular work string, which is lowered
into the pipe string onto said longitudinal section,
pumping a flushing fluid down through the tubular
work string, out through at least one flushing outlet
in the flushing tool, into the pipe string and further
out into said annulus via the perforations in the pipe
string, thereby cleaning both the pipe string and the
annulus along said longitudinal section,

wherein an outlet axis of at least one of said at least
one flushing outlet in the flushing tool is non-perpen-
dicular to a longitudinal axis of the flushing tool,
whereby a corresponding flushing jet from the flush-
ing tool also is non-perpendicular to the longitudinal
axis of the flushing tool;

(D) pumping a fluidized plugging material down
through the tubular work string and into the pipe
string at said longitudinal section;

(E) placing the fluidized plugging material in the pipe
string along atleast said longitudinal section, thereby
also placing the fluidized plugging material in said
annulus via the perforations in the pipe string, where-
upon the fluidized plugging material forms a plug
covering substantially a complete cross section of
the well along at least said longitudinal section of the
well;

(F) pulling the tubular work string out of the well, char-
acterized in that the method also comprises:

(G) abandoning the well; and

wherein the method, in steps (D) and (E), comprises
pumping the fluidized plugging material into the pipe
string via at least one jetting outlet in the flushing tool so
as to discharge as a corresponding jet of fluidized plug-
ging material from the flushing tool.

[0010] Instep (C)ofthe method, the non-perpendicular
configuration of the at least one flushing outlet in the
flushing tool ensures very effective flushing and cleaning
of both the pipe string and the annulus outside the pipe
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string. Thisinturn ensures goodfilling and good adhesion
of the subsequent plugging material in the pipe string and
in the annulus.

[0011] Insteps (D)and (E) of the method, the plugging
material becomes directional and somewhat concentrat-
ed by virtue of embodying the fluidized plugging material
as a jet emanating from the flushing tool. This is advan-
tageous in that such a jet of fluidized plugging material
reaches further out from the flushing tool and may thus
engage the formation wall defining the wellbore more
readily and forcefully. Such a jet of fluidized plugging ma-
terial also gains better access to potential voids in said
annulus surrounding the pipe string along the longitudinal
section of the well.

[0012] Flushing with the flushing fluid and jetting with
the fluidized plugging material may also be performed in
one and the same trip into the well. Naturally, these steps
will save on the time and cost of plugging and abandoning
the well.

[0013] Said pipe string may be composed of a well pipe
of a type known per se, for example a casing or a liner.
As such, the pipe string may extend fully or partially, re-
spectively, to the surface of the well.

[0014] Typically, the tubular work string is comprised
of a drill string or a coiled-tubing string of a type known
per se.

[0015] In one embodiment, the flushing tool is formed
with a plurality of flushing outlets having respective outlet
axes (i.e. longitudinal axes through the flushing outlets)
angled within = 80° of a plane being perpendicular to the
longitudinal axis of the flushing tool. By so doing, corre-
sponding flushing jets from the flushing tool are also an-
gled within = 80° of said perpendicular plane.

[0016] Each of the atleast one flushing outlet may also
be provided with a releasable nozzle insert. As such, the
nozzle insert may be releasably connected to the flushing
tool via a threaded connection or similar. Such a nozzle
insert is of a suitable size and shape for generating a
flushing jet of desired concentration and distribution. The
feature of being releasable also ensures that the nozzle
insert is readily replaceable, if desired or required.
[0017] As such, said nozzle insert may be radially tel-
escopic relative to the flushing tool, and wherein the tel-
escopic motion of the nozzle insert is selectively activat-
ed. Such a feature allows the nozzle insert to be selec-
tively extended or retracted relative to the flushing tool.
By so doing, the flushing tool may be lowered into the
pipe string of the well with the at least one nozzle insert
retracted into the flushing tool. Once placed in the well,
said nozzle insert may be selectively extended outward
from the body of the flushing tool. Such an embodiment
of the flushing tool may prove advantageous in cases
where the pipe string has one or more restrictions therein
requiring a smaller sized flushing tool to be used for al-
lowing access into the pipe string.

[0018] Further, the flushing fluid may comprise drilling
mud. This is generally a suitable flushing fluid given that
drilling mud usually is readily available and also functions
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as a pressure barrier in a well.

[0019] The flushing fluid may also contain a cleaning
agent, for example a suitable soap or acid.

[0020] Yet further, the fluidized plugging material may
comprise cement slurry for formation of a cement plug.
[0021] As an alternative or addition, the fluidized plug-
ging material may comprise a fluidized particulate mass
for formation of a plug made of particulate mass. Such a
particulate mass is generally in an unconsolidated form.
A somewhat different use of such a fluidized particulate
mass in a well is disclosed in e.g. WO 01/25594 A1 and
in WO 02/081861 A1.

[0022] Between steps (B) and (C), the method may
also comprise the following steps:

- pulling the perforation tool out of the well; and

- attaching the flushing tool to the lower portion of the
tubular work string for subsequent performance of
step (C). By so doing, perforation and flushing are
performed in separate trips into the well.

[0023] Asanalternative, and before step (A), the meth-
od may also comprise the following steps:

- connecting the perforation tool and the flushing tool
into an assembly thereof; and

- connecting the assembly to said lower portion of the
tubular work string. By so doing, perforation and
flushing are performed in one and the same trip into
the well. Naturally, these steps will save on the time
and cost of plugging and abandoning the well.

[0024] Furtherto the latter alternative, the method may
also comprise the following steps:

- releasably connecting, before step (A), the perfora-
tion tool to alower end portion of the flushing tool; and

- disconnecting, between steps (B) and (C), the per-
foration tool from the flushing tool. By so doing, the
perforation tool is dropped further down into the pipe
string and is thus left behind in the well. This may
facilitate the subsequent operation of the flushing
tool in the well and, as such, may save further on the
time and cost of carrying out the operation.

[0025] In another embodiment, step (C) of the method
comprises rotating the tubular work string whilst flushing.
Such rotation ensures larger area coverage of the flush-
ing motion and thus enables better cleaning of the pipe
string and the annulus.

[0026] Additionally or alternatively, step (C) of the
method may also comprise moving the tubular work
string in a reciprocating motion whilst flushing. Such re-
ciprocation also ensures larger area coverage of the
flushing motion and thus enables better cleaning of the
pipe string and the annulus.

[0027] Step (E)of the method may also comprise mov-
ing the tubular work string within the pipe string whilst
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placing the fluidized plugging material therein. As such,
the tubular work string may be moved in a suitable man-
ner along the perforated longitudinal section of the pipe
string for effective placement of the plugging material in
the well.

[0028] Before step (C), the method may comprise add-
ing an abrasive agent to the flushing fluid. This is partic-
ularly appropriate if the annulus is filled with e.g. cement
residues (or some other casting material) and/or solid
particles settled out within the annulus, e.g. barite parti-
cles settled out from drilling mud in the annulus. Such
solid materials may become difficult to remove from the
annulus if the flushing fluid is void of such an abrasive
agent.

[0029] Inoneembodiment,the method comprises add-
ing the abrasive agent to the flushing fluid in an amount
of between 0.05 per cent by weight and 1.00 per cent by
weight. The abrasive agent may comprise sand particles.
As such, and as an example, adding approximately 0.1
per cent by weight of sand to the flushing fluid appears
to be a suitable mixture.

[0030] Further, the method may comprise discharging
the flushing fluid from said at least one flushing outlet in
the flushing tool at a discharge velocity of at least 15
metres per second. The present applicant has carried
out tests showing that a discharge velocity of 15 metres
per second is a minimum value required for allowing the
flushing tool to clean sufficiently in the well.

[0031] In an advantageous embodiment, the method
therefore comprises discharging the flushing fluid from
the at least one flushing outlet at a discharge velocity of
at least 50 metres per second. The above-mentioned
tests have also shown that a discharge velocity of at least
50 metres per second provides a particularly effective
cleaning result in the well.

[0032] Optimum discharge velocities for the flushing
fluid, as well as optimum amounts of abrasive agent add-
ed thereto, depend on the type of flushing fluid used, and
particularly with respect to the viscosity of the flushing
fluid. High-viscosity flushing fluids usually require higher
discharge velocities from the flushing tool than those of
low-viscosity flushing fluids. This is simply because high-
viscosity flushing fluids experience more internal friction,
hence are slowed down faster, than that of low-viscosity
flushing fluids.

[0033] Another embodiment of the method comprises
discharging the flushing fluid from the at least one flush-
ing outlet as a substantially rotation-free flushing jet. If
such a flushing jet discharges from a nozzle insert dis-
posed in the flushing outlet, this nozzle insert requires
less space for support in the flushing tool than that of an
alternative nozzle insert having a design capable of in-
stilling a rotational/spinning effect on the flushing jet.
[0034] Before step (D), the method may also comprise
disposing and anchoring a plug base in the pipe string,
and below the longitudinal section of the well. Such a
plug base may comprise a mechanical plug, a packer
element and/or at least one cup-shaped element, e.g.
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swab cup, of a type known per se. The purpose of such
a plug base is to support the fluidized plugging material
once placed in the well. Typically, such a plug base (e.g.
mechanical plug) is deployed into the pipe string carried
on a so-called wireline or on a tubular work string, e.g.
drill pipe string or coiled tubing, extending up to the sur-
face of the well.

[0035] Alternatively, a column of a viscous fluid, i.e. a
so-called viscous pill, may be pumped into the pipe string,
and below the longitudinal section of the well, to support
said fluidized plugging material.

[0036] Further, if said longitudinal section is located at
a relatively short distance from the bottom of the pipe
string, it may not be necessary to set such a plug base
in the pipe string. Instead, the fluidized plugging material
is filled from the bottom of the pipe string and upward
until the plugging material covers the longitudinal section
of the well.

[0037] In yetanother embodiment, and between steps
(C) and (D), the method also comprises the following
steps:

- pulling the tubular work string and the flushing tool
out of the well;

- disconnecting the flushing tool from the tubular work
string; and

- lowering an open-ended tubular work string into the
pipe string onto said longitudinal section for subse-
quent performance of steps (D) and (E) of the meth-
od. By so doing, flushing with the flushing fluid and
displacement of the fluidized plugging material are
performed in separate trips into the well.

[0038] In one embodiment of the method, the flushing
tool comprises a first section for discharging, in step (C),
the flushing fluid via said at least one flushing outlet, and
a second section for discharging, in steps (D) and (E),
the fluidized plugging material via said at least one jetting
outlet in the flushing tool.

[0039] As such, the diameter of said jet of fluidized
plugging material discharging from said second section
of the flushing tool may be larger than the diameter of
said flushing jet of flushing fluid discharging from said
first section of the flushing tool. By so doing, and as op-
posed to general placing and displacement of the fluid-
ized plugging material in the well, the plugging material
may engage said formation wall more readily and force-
fully. The fluidized plugging material will also gain better
access to potential voids in the annulus along the longi-
tudinal section of the well. A smaller diameter of said
flushing jet of flushing fluid, however, ensures a more
concentrated jet for breaking up and flushing away solids
and particles along its flow path in the well.

[0040] In the latter context, the method may also com-
prise discharging said jet of fluidized plugging material
at a discharge velocity in the order of 15-25 metres per
second, and preferably in the order of 18-22 metres per
second. This range of discharge velocities is advanta-
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geous in achieving the jetting effect of the fluidized plug-
ging material.

[0041] In another embodiment of the method, said at
least one flushing outlet and said atleast one jetting outlet
in the flushing tool are one and the same, whereby both
the flushing fluid and the fluidized plugging material will
discharge through said at least one outlet in the flushing
tool; and

- wherein the method comprises discharging said
flushing jet of flushing fluid at a higher discharge ve-
locity than that of said subsequent jet of fluidized
plugging material. Variations in the discharge veloc-
ity of the respective fluids may be achieved by chang-
ing the pump rate of the fluid in question.

[0042] Assuch, the method may comprise discharging
the flushing fluid at a discharge velocity of at least 50
metres per second, and then discharging the subsequent
fluidized plugging material at a discharge velocity in the
order of 15-25 metres per second.

[0043] Yet further, the method may also comprise the
following steps:

- connecting, before step (D), a displacement body to
the tubular work string, and in vicinity of the flushing
tool; and

- using, in step (E), the displacement body to further
displace and distribute the fluidized plugging mate-
rial in the pipe string and further out into said annulus
via said perforations in the pipe string along the lon-
gitudinal section of the well. This facilitates the dis-
placement and distribution of fluidized plugging ma-
terial within said longitudinal section is facilitated. A
displacement body suitable for this purpose is dis-
closed in WO 2012/128644 A2 (termed Archimedes
technology), as mentioned initially.

[0044] Hereinafter, an exemplary embodiment of the
method is described and depicted in the accompanying
drawings, where:

shows, in side view, a well within which a
casing string is disposed;

Figure 1

Figure 2  shows, in side view, the well after having re-
moved a longer portion of the casing string
in accordance with a prior art plugging meth-
od (i.e. section milling);

Figure 3  shows, in side view, the well of Figure 2 after
having established a plug in the well in ac-
cordance with this prior art section milling

plugging method;

shows, in side view, the well as used in con-
text of the present method, and after having
lowered a perforation tool into the casing

Figure 4
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string;
Figure 5 shows, inside view, the well after having per-
forated the casing string with the perforation
tool, and after having pulled the perforation
tool out of the well;
Figure 6  shows, inside view, the well after having low-
ered aflushing tool into the casing string, and
whilst using the flushing tool to flush and
clean away e.g. solid particles in the well;
Figure 7  shows, in side view, the well whilst filling and
thus placing a fluidized plugging material into
a portion of a longitudinal section of the well,
thereby filling substantially the entire cross
section of the well with the plugging material
along the longitudinal section;
Figure 8 shows, in side view, the well after having
plugged the well along the longitudinal sec-
tion thereof by means of the present method;
and
Figure 9  shows, in side view, a combined perforation
and flushing tool for use in one embodiment
of the present method.

[0045] The figures are schematic and merely show
steps, details and equipment being essential to the un-
derstanding of the invention. Further, the figures are dis-
torted with respect to relative dimensions of elements
and details shown in the figures. The figures are also
somewhat simplified with respect to the shape and rich-
ness of detail of such elements and details. Elements not
being central to the invention may also have been omitted
from the figures. Further, equal, equivalent or corre-
sponding details shown in the figures will be given sub-
stantially the same reference numerals.

[0046] Figure 1showsawell 1tobe plugged and aban-
doned after having removed a longer portion of a pipe
string, here in the form of a single casing string 5, in ac-
cordance with a prior art plugging method (i.e. so-called
section milling). The figure shows the casing string 5 dis-
posed within a wellbore 2 of the well 1. A surrounding
rock formation 9 defines the wellbore 2. An annulus 8
also exists between the wellbore 2 and the casing string
5. Typical well fluids known to a person skilled in the art
are also present in the well 1.

[0047] Figure 2 shows the well 1 after having removed
a longer portion/section of the casing string 5 in accord-
ance with the noted prior art section milling plugging
method. A substantial length of the casing string 5 is thus
milled away.

[0048] Figure 3 then shows the well 1 after having filled
cement slurry, i.e. a fluidized plugging material, into the
milled-away section of the well 1 so as to fill the entire
cross section T1 thereof. Upon curing, this cement slurry
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forms a pressure-isolating cement plug 25 along the
milled-away section of the well 1, as shown in Figure 3.
This section milling method has several disadvantages,
as mentioned initially.

[0049] Figure 4 shows afirststepin the present method
as applied in a similar well 1. Also here a single casing
string 5 is disposed within a wellbore 2 of a well 1 so as
to leave an annulus 8 between the wellbore 2 and the
casing string 5. A tubular work string, here in the form of
a drill string 3, has been lowered into the casing string 5
onto a longitudinal section L1 of the well 1 to be plugged
and abandoned by virtue of the present method. A per-
foration tool, here in the form of a perforation gun 31 of
a type known per se, has also been connected to a lower
end portion of the drill string 3. Once placed at the lon-
gitudinal section L1 of the well 1, the perforation gun 31
is activated and forms a number of perforations 51 along
the longitudinal section L1 and through the wall of the
casing string 5, as shown in Figure 5. In one embodiment,
the perforation gun 31 may be pulled out of the well 1
and disconnected from the drill string 3 after having com-
pleted the perforation operation.

[0050] Figure 6 shows the well 1 after having lowered
a flushing tool 33 into the casing string 5, and onto the
longitudinal section L1, whilst being connected to a lower
end portion of a drill string 3. This drill string may be the
same drill string used in the preceding perforation step,
or it may be another type of tubular work string, for ex-
ample coiled tubing. This figure also shows the flushing
tool 33 whilst flushing and cleaning away e.g. solid par-
ticles (not shown in the figures) in the well 1 along the
longitudinal section L1 thereof. A curved arrow at the
upper portion of the drill string 3 indicates rotation of the
drill string 3, and hence rotation of the flushing tool 33
connected thereto, whilst flushing and cleaning with the
flushing tool 33. Additionally or alternatively, the drill
string 3, and thus the flushing tool 33, may be moved in
a reciprocating motion whilst flushing and cleaning the
longitudinal section L1 with the flushing tool 33. Rotation
and/or reciprocation of the flushing tool 33 along the lon-
gitudinal section L1 whilst flushing ensures better and
possibly repeated area coverage so as to enable better
cleaning of the casing string 5 and the surrounding an-
nulus 8 along the longitudinal section L1 of the well 1.
[0051] In this particular embodiment, the flushing tool
33 is formed with several flushing outlets 331 distributed
in a desired pattern around the flushing tool 33. These
flushing outlets 331 have respective outlet axes "b" an-
gled within = 80° of a plane "c" being perpendicular to
the longitudinal axis "a" of the flushing tool 33. By so
doing, corresponding flushing jets discharging from the
flushing tool 33 are also angled within = 80° of the per-
pendicular plane "c". Longitudinal axis "a", outlet axis "b"
and perpendicular plane "c" are also shown in Figure 9.
[0052] Figure 6 also shows a flushing fluid 35 in the
form of flushing jets discharging at high velocity, and as
substantially rotation-free jets, from corresponding noz-
zle inserts 332 provided in the flushing outlets 331 of the
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flushing tool 33. These nozzle inserts 332 ensure a de-
sired concentration and distribution of the flushing jets
upon discharging from the outlets 331 of the flushing tool
33. The flushing jets discharge at various angles relative
to said perpendicular plane "c" and go through the cor-
responding perforations 51 and enter the annulus 8 at
different angles. This ensures better access to areas of
the annulus 8 located between the perforations 51, there-
by ensuring better flushing and cleaning of these inter-
mediate areas of the annulus 8. These angled flushing
jets are depicted with straight arrows pointing outward
from some of the flushing outlets 331 shown in Figure 6.
The flow direction and potential flow paths of the dis-
charging flushing fluid 35 are depicted with curved arrows
located around the flushing tool 33 in Figure 6. At a par-
ticular instant, the discharging flushing fluid 35 therefore
flows out through perforations 51 proximate to the flush-
ing outlets 331, via the annulus 8 outside the casing string
5, and then flows back into the casing string 5 via perfo-
rations 51 more distal to the flushing outlets 331. The
flushing tool 33 is moved slowly along the longitudinal
section L1 whilst simultaneously flushing the casing
string 5 and the annulus 8, thereby continuously repeat-
ing this instant flushing scenario along the longitudinal
section L1 of the well 1. This flushing motion goes on
until the entire longitudinal section L1 has been covered
and cleaned sufficiently.

[0053] Before plugging the longitudinal section L1 of
the well 1, a further cleaning and conditioning fluid is typ-
ically pumped in the described manner through the flush-
ing tool 33 and into the casing string 5 and annulus 8,
thereby further cleaning and conditioning the wellbore 2
and the casing string 5 for the purpose of allowing cement
slurry 37, i.e. a fluidized plugging material, to be intro-
duced into at least the longitudinal section L1 thereafter
(cf. Figs. 7 and 8). This further cleaning and conditioning
fluid may be comprised of a so-called spacer fluid, which
is typically used to clean away remaining solids in the
wellbore 2/annulus 8 and also to ensure water-wetting
and conditioning of the casing string 5 and the surround-
ing rock formation 9 (which defines the wellbore 2) so as
to bond well with the subsequent cement slurry 37 to be
introduced therein. Such a spacer fluid is generally of
less density than the cement slurry 37 used in plugging
steps (D) and (E) of the present method. Therefore, the
cement slurry 37 easily displaces the spacer fluid during
these plugging steps.

[0054] Figure 7 shows the well 1 whilst pumping and
thus placing cement slurry 37 into a lower portion of the
longitudinal section L1 of the well 1, thereby filling sub-
stantially the entire cross section T1 of the well 1 with
cementslurry 37. The figure shows cementslurry 37 flow-
ing out of the lower end of the drill string 3 so as tofill the
inside of the casing string 5, after which the cement slurry
37 flows onward into the annulus 8 via the perforations
51 in the wall of the casing string 5. By so doing, the
denser cement slurry 37 easily displaces the less dense
spacer fluid (or other less dense well fluid), if present,
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upward within the well 1 and thus removes the spacer
fluid from said longitudinal section L1. In context of pump-
ing and displacing the cement slurry 37, the drill string 3
is moved slowly upward whilst filling and placing cement
slurry 37 into the casing string 5 along the entire longitu-
dinal section L1 of the well 1. This filling and moving step
may also continue until cement slurry 37 has been filled
into the casing string 5 to some desired level above the
longitudinal section L1, whereby at least the longitudinal
section L1 of the well 1 is filled with cement slurry 37.
Before pumping the cement slurry 37 into the casing
string 5, a mechanical plug 38 has been disposed and
anchored within the casing string 5, and below the lon-
gitudinal section L1, to provide a supporting base for the
cement slurry 37 once placed in the casing string 5.
[0055] Alternatively, and not shown in the figures, the
flushing tool 33 may remain connected to the drill string
3 after having flushed and cleaned the longitudinal sec-
tion L1. Cement slurry 37 is then pumped down the drill
string 3 and discharges from the nozzle inserts 332 pro-
vided in the flushing outlets 331 of the flushing tool 33.
In this case, the cement slurry 37 may discharge as jets
of cement slurry 37 from the flushing tool 33, and at a
significantly lower discharge velocity than that of the high
discharge velocity of the preceding flushing jets of flush-
ing fluid 35.

[0056] Figure 8 shows the well 1 after having filled ce-
mentslurry 37 into the casing string 5 and the surrounding
annulus 8, as described hereinbefore, and after having
cured therein so as to form a pressure-isolating cement
plug 25 covering substantially the entire cross section T1
of the well 1 along at least the longitudinal section L1
thereof.

[0057] Upon having placed the cement slurry 37 into
and along at least said longitudinal section L1 of the well
1, the drill string 3 is pulled out of the well 1. The well 1
is then abandoned temporarily or permanently.

[0058] Figure 9 shows a selectively releasable perfo-
rationtool 31 connected in areleasable mannerto alower
end portion of aflushing tool 33 so as to form an assembly
34 thereof. The assembly 34 is connected to a lower por-
tion of the drill string 3 (not shown in Figure 9). Selective
release of the perforation tool 31 from the flushing tool
33 may be carried out by technical means and methods
known per se. Use of such an assembly 34 allows per-
foration and flushing to be performed in one and the same
trip into the well 1. By so doing, the perforation tool 31 is
dropped further down into the casing string 5 and is thus
left behind in the well 1. This may facilitate the subse-
quent operation of the flushing tool 33 in the well 1 and,
as such, may save further on the time and cost of carrying
out such a plugging operation.

Claims

1. A method of plugging and abandoning a well (1), the
method involving perforation, cleaning and plugging
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of a longitudinal section (L1) of the well (1), said lon-
gitudinal section (L1) comprising a wellbore (2), a
pipe string (5) placed within the wellbore (2), and an
annulus (8) located between the wellbore (2) and the
pipe string (5), wherein the method comprises the
following steps:

(A) lowering a perforation tool (31) into the pipe
string (5) onto said longitudinal section (L1) of
the well (1);

(B) by means of the perforation tool (31), forming
perforations (51) in the pipe string (5) along said
longitudinal section (L1);

(C) by means of a flushing tool (33) attached to
a lower end portion of a tubular work string (3),
which is lowered into the pipe string (5) onto said
longitudinal section (L1), pumping a flushing flu-
id (35) down through the tubular work string (3),
out through at least one flushing outlet (331) in
the flushing tool (33), into the pipe string (5) and
further out into said annulus (8) via the perfora-
tions (51) in the pipe string (5), thereby cleaning
both the pipe string (5) and the annulus (8) along
said longitudinal section (L1),

wherein an outlet axis (b) of at least one of said
at least one flushing outlet (331) in the flushing
tool (33) is non-perpendicular to a longitudinal
axis (a) of the flushing tool (33), whereby a cor-
responding flushing jet from the flushing tool (33)
also is non-perpendicular to the longitudinal axis
(a) of the flushing tool (33);

(D) pumping a fluidized plugging material (37)
down through the tubular work string (3) and into
the pipe string (5) at said longitudinal section
(L1);

(E) placing the fluidized plugging material (37)
in the pipe string (5) along at least said longitu-
dinal section (L1), thereby also placing the flu-
idized plugging material (37) in said annulus (8)
via the perforations (51) in the pipe string (5),
whereupon the fluidized plugging material (37)
forms a plug (25) covering substantially a com-
plete cross section (T1) of the well (1) along at
least said longitudinal section (L1) of the well (1);
(F) pulling the tubular work string (3) out of the
well (1),

characterized in that the method also compris-
es:

(G) abandoning the well (1)); and

wherein the method, in steps (D) and (E), comprises
pumping the fluidized plugging material (37) into the
pipe string (5) via at least one spraying outlet in the
flushing tool (33) so as to discharge as a correspond-
ing spraying jet of fluidized plugging material (37)
from the flushing tool (33).

The method according to claim 1, wherein flushing
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with the flushing fluid (35) and spraying with the flu-
idized plugging material (37) are performed in one
and the same trip into the well (1).

The method according to claim 1 or 2, wherein the
flushing tool (33) is formed with a plurality of flushing
outlets (331) having respective outlet axes (b) angled
within = 80° of a plane (c) being perpendicular to
the longitudinal axis (a) of the flushing tool (33),
whereby corresponding flushing jets from the flush-
ing tool (33) also are angled within = 80° of said
perpendicular plane (c).

The method according to claim 1, 2 or 3, wherein the
method, between steps (B) and (C), also comprises
the following steps:

- pulling the perforation tool (31) out of the well
(1); and

- attaching the flushing tool (33) to said lower
end portion of the tubular work string (3) for sub-
sequent performance of step (C);

whereby perforation and flushing are performed in
separate trips into the well (1).

The method according to claim 1, 2 or 3, wherein the
method, before step (A), also comprises the follow-
ing steps:

- connecting the perforation tool (31) and the
flushing tool (33) into an assembly (34) thereof;
and

- connecting the assembly (34) to said lower por-
tion of the tubular work string (3);

whereby perforation and flushing are performed in
one and the same trip into the well (1).

The method according to any one of claims 1-5,
wherein step (E) comprises moving the tubular work
string (3) within the pipe string (5) whilst placing the
fluidized plugging material (37) therein.

The method according to any one of claims 1-6, com-
prising discharging the flushing fluid (35) from said
at least one flushing outlet (331) in the flushing tool
(33) at a discharge velocity of at least 50 metres per
second.

The method according to any one of claims 1-7,
wherein the method, before step (D), also comprises
disposing and anchoring a plug base (38) in the pipe
string (5), and below the longitudinal section (L1) of
the well (1).

The method according to any one of claims 1-8,
wherein the flushing tool (33) comprises a first sec-
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10.

1.

12.

13.

14.

15.

tion for discharging, in step (C), the flushing fluid (35)
via said at least one flushing outlet (331), and a sec-
ond section for discharging, in steps (D) and (E), the
fluidized plugging material (37) via said at least one
spraying outlet in the flushing tool (33).

The method according to claim 9, wherein the diam-
eter of said jet of fluidized plugging material (37) dis-
charging from said second section of the flushing
tool (33) is larger than the diameter of said flushing
jet of flushing fluid (35) discharging from said first
section of the flushing tool (33).

The method according to claim 10, comprising dis-
charging said jet of fluidized plugging material (37)
at a discharge velocity in the order of 15-25 metres
per second.

The method according to claim 11, comprising dis-
charging said jet of fluidized plugging material (37)
at a discharge velocity in the order of 18-22 metres
per second.

The method according to any one of claims 1-8,
wherein said at least one flushing outlet (331) and
said at least one jetting outlet in the flushing tool (33)
are one and the same, whereby both the flushing
fluid (35) and the fluidized plugging material (37) will
discharge through said at least one outlet (331) in
the flushing tool (33); and

- wherein the method comprises discharging
said flushing jet of flushing fluid (35) at a higher
discharge velocity than that of said subsequent
jet of fluidized plugging material (37).

The method according to claim 13, comprising dis-
charging the flushing fluid (35) at a discharge velocity
of at least 50 metres per second, and then discharg-
ing the subsequent fluidized plugging material (37)
at a discharge velocity in the order of 15-25 metres
per second.

The method according to any one of claims 1-14,
wherein the method also comprises the following
steps:

- connecting, before step (D), a displacement
body to the tubular work string (3), and in vicinity
of the flushing tool (33); and

- using, in step (E), the displacement body to
further displace and distribute the fluidized plug-
ging material (37) in the pipe string (5) and fur-
ther out into said annulus (8) via said perfora-
tions (51) in the pipe string (5) along the longi-
tudinal section (L1) of the well (1);

thereby facilitating the displacement and distribution
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of fluidized plugging material (37) within said longi-
tudinal section (L1).

Patentanspriiche

1.

Verfahren zum Stopfen und Aufgeben eines Bohr-
lochs (1), wobei das Verfahren eine Perforierung,
Reinigung und Stopfung eines Langsabschnittes
(L1) des Bohrlochs (1) beinhaltet, wobei der besagte
Langsabschnitt (L1) eine Schachtbohrung (2), einen
in der Schachtbohrung platzierten Bohrstrang (5)
und einen zwischen der Schachtbohrung (2) und
dem Bohrstrang (5) angeordneten Ring (8) aufweist,
wobei das Verfahren die folgenden Schritte beinhal-
tet:

(A) Herablassen eines Perforationswerkzeugs
(31) in den Bohrstrang (5) hinein bis auf den
besagten Langsabschnitt (L1) des Bohrlochs
(1)

(B) mittels des Perforationswerkzeugs (31), Bil-
den von Perforationen (51) in dem Bohrstrang
(5) entlang des besagten Langsabschnittes
(L1);

(C) mittels eines Spllwerkzeugs (33), welches
an einem unteren Endabschnitt eines in den
Bohrstrang (5) hinein bis auf den besagten
Langsabschnitt (L1) herab gelassenen rohrfor-
migen Arbeitsstranges (3) befestigt ist, Pumpen
einer Spiilflissigkeit (35) abwarts durch den
rohrférmigen Arbeitsstrang (3) nach aussen
durch mindestens einen Spulausfluss (331) im
Spulwerkzeug (33), in den Bohrstrang (5) hinein
und weiter hinaus in den besagten Ring (8) hi-
nein durch die Perforationen (51) im Bohrstrang
(5), wodurch sowohl der Bohrstrang (5) als auch
der Ring (8) entlang des besagten Langsab-
schnittes (L1) gereinigt werden,

wobei eine Austrittsachse (b) von mindestens
einemdes besagten mindestens einen Spulaus-
flusses (331) im Spulwerkzeug (33) nicht recht-
winklig zu einer Langsachse (a) des Spilwerk-
zeugs (33) angeordnet ist, wobei ein korrespon-
dierender Spiilstrahl vom Spulwerkzeug (33)
auch nicht rechtwinklig zur Langsachse (a) des
Spulwerkzeugs (33) angeordnet ist;

(D) Pumpen eines verflissigten Stopfmaterials
(37) abwarts durch den rohrférmigen Arbeits-
strang (3) und in den Rohrstrang (5) hinein an
dem besagten Langsabschnitt (L1);

(E) Platzieren des verflissigten Stopfmaterials
(37) im Bohrstrang (5) entlang mindestens des
besagten Langsabschnittes (L1), wodurch das
verflissigte Stopfmaterial (37) durch die Perfo-
rationen (51) im Bohrstrang (5) auch in dem be-
sagten Ring (8) platziert wird, auf welchem das
verflissigte Stopfmaterial (37) einen Stopfen
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(25) bildet, welcher im Wesentlichen einen kom-
pletten Querschnitt (T1) des Bohrstrangs (1)
entlang mindestens dem besagten Langsab-
schnitt (L1) des Bohrstrangs (1) bedeckt;

(F) Herausziehen des rohrférmigen Arbeits-
strangs (3) aus dem Bohrloch (1) hinaus,
dadurch gekennzeichnet, dass das Verfahren
auch beinhaltet:

(G) Aufgeben des Bohrlochs (1); und

wobei das Verfahren, in den Schritten (D) und
(E) beinhaltet, das verflissigte Stopfmaterial
(37) durch mindestens einen Spriihauslass im
Spllwerkzeug (33) in den Bohrstrang (5) hinein
zu pumpen, sodass Stopfmaterial (37) vom
Spllwerkzeug (33) als ein entsprechender
Spruhstrahl aus dem Spiilwerkzeug (33) ausge-
lassen wird.

Verfahren gemass Anspruch 1, wobei das Spulen
mitder Spulflissigkeit (35) und das Sprithen mitdem
verflissigten Stopfmaterial (37) in einem und dem-
selben Gang in das Bohrloch (1) hinein ausgeflhrt
werden.

Verfahren gemass Anspruch 1 oder 2, wobei das
Spllwerkzeug (33) mit einer Vielzahl von Spulaus-
lassen (331) ausgebildetist, welche entsprechende,
innerhalb von = 80° von einer zur Langsachse (a)
des Spulwerkzeugs (33) senkrechten Ebene (c) ab-
gewinkelte Austrittsachsen (b) aufweisen, wodurch
korrespondierende Spllstrahlen vom Spiilwerkzeug
(33) auch innerhalb von = 80° von der besagten
senkrechten Ebene (c) abgewinkelt sind.

Verfahren gemass Anspruch 1, 2 oder 3, wobei das
Verfahren, zwischen den Schritten (B) und (C) auch
die folgenden Schritte beinhaltet:

-Herausziehen des Perforationswerkzeugs (31)
aus dem Bohrloch (1); und

- Befestigen des Spulwerkzeugs (33) am besag-
ten unteren Endabschnitt des rohrférmigen Ar-
beitsstranges (3) fur anschliessende Durchfiih-
rung von Schritt (C);

wodurch Perforation und Spilen in unterschiedli-
chen Gangen in das Bohrloch (1) hinein ausgefihrt
werden.

Verfahren gemass Anspruch 1, 2, oder 3, wobei das
Verfahren, vor Schritt (A), auch die folgenden Schrit-
te beinhaltet:

- Verbinden des Perforationswerkzeugs (31)
und des Spulwerkzeugs (33) zu einer gemein-
samen Baugruppe (34); und

- Befestigen der Baugruppe (34) am unteren Ab-
schnitt des rohrférmigen Arbeitsstranges (3);
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wodurch Perforation und Spilen in einem und dem-
selben Gang in das Bohrloch (1) hinein ausgefihrt
werden.

Verfahren gemass einem der Anspriiche 1-5, wobei
Schritt (E) ein Bewegen des rohrférmigen Arbeits-
strangs (3) innerhalb des Bohrstrangs (5) beinhaltet,
wahrend das verflissigte Stopfmaterial (37) darin
platziert wird.

Verfahren gemass einem der Anspriiche 1-6, bein-
haltend ein Auslassen der Spulflissigkeit (35) aus
dem besagten mindestens einen Spiulauslass (331)
im Spulwerkzeug (33) bei einer Austrittsgeschwin-
digkeit von mindestens 50 Metern pro Sekunde.

Verfahren gemass einem der Anspriiche 1-7, wobei
das Verfahren, vor Schritt (D) auch das Anordnen
und Verankern einer Stopfenbasis (38) im Bohr-
strang (5) und unterhalb des Langsabschnittes (L1)
des Bohrstrangs (1) beinhaltet.

Verfahren gemass einem der Anspriiche 1-8, wobei
das Spllwerkzeug (33) einen ersten Abschnitt auf-
weist, zum Auslassen, in Schritt (C), der Spiilflissig-
keit (35) durch den besagten mindestens einen Spiil-
auslass (331), und einen zweiten Abschnitt aufweist,
zum Auslassen, in den Schritten (D) und (E), des
verflissigten Stopfmaterials (37) durch den besag-
ten mindestens einen Sprihauslass im Spulwerk-
zeug (33).

Verfahren gemass Anspruch 9, wobei der Durch-
messer des besagten Strahls von verflissigtem
Stopfmaterial (37), welcher aus dem besagten zwei-
ten Abschnitt des Spulwerkzeugs (33) austritt, gros-
ser ist als der Durchmesser des besagten Spuil-
strahls von Splilflissigkeit (35), welcher aus dem be-
sagten ersten Abschnitt des Spillwerkzeugs (33)
austritt.

Verfahren gemass Anspruch 10, beinhaltend ein
Auslassen des besagten Strahls von verflissigtem
Stopfmaterial (37) bei einer Austrittsgeschwindigkeit
im Bereich von 15-25 Metern pro Sekunde.

Verfahren gemass Anspruch 11, beinhaltend ein
Auslassen des besagten Strahls von verflissigtem
Stopfmaterial (37) bei einer Austrittsgeschwindigkeit
im Bereich von 18-22 Metern pro Sekunde.

Verfahren gemass einem der Anspriiche 1-8, wobei
der besagte mindestens eine Spilauslass (331) und
der besagte mindestens eine Spriihauslass im Spuil-
werkzeug (33) ein und derselbe sind, wobei sowohl
die Spiilflissigkeit (35) und das verflissigte Stopf-
material (37) durch den besagten mindestens einen
Auslass (331) im Spilwerkzeug (33) ausgelassen
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werden; und

- wobei das Verfahren ein Auslassen des be-
sagten Spiilstrahls von Spiilflissigkeit (35) bei
einer héheren Austrittsgeschwindigkeit als die-
jenige des besagten anschliessenden Strahls
von verflissigtem Stopfmaterial (37) beinhaltet.

Verfahren gemass Anspruch 13, beinhaltend ein
Auslassen der Spilflissigkeit (35) bei einer Aus-
trittsgeschwindigkeit von mindestens 50 Metern pro
Sekunde, und dann ein Auslassen des anschlies-
senden verflissigten Stopfmaterials (37) bei einer
Austrittsgeschwindigkeit im Bereich von 15-25 Me-
tern pro Sekunde.

Verfahren gemass einem der Anspriiche 1-14, wo-
bei das Verfahren auch die folgenden Schritte bein-
haltet:

- Befestigen, vor Schritt (D), eines Verschie-
bungskérpers an den rohrformigen Arbeits-
strang (3), und in der Nahe des Spulwerkzeugs
(33); und

- Verwenden, in Schritt (E), des Verschiebungs-
kérpers, um das verflissigte Stopfmaterial (37)
weiter im Bohrstrang (5) und weiter hinaus bis
in den besagten Ring (8) durch die besagten
Perforationen (51) im Bohrstrang (5) entlang
dem Langsabschnitt (L1) des Bohrstrangs (1)
zu verschieben und zu verteilen;

wodurch das Verschieben und die Verteilung des
verflissigten Stopfmaterials (37) innerhalb des be-
sagten Langsabschnittes (L1) vereinfacht wird.

Revendications

Un procédé d’obturation et d’abandon d’un puits (1),
le procédé comprenant la perforation, le nettoyage,
et l'obturation d’une section longitudinale (L1) du
puits (1), ladite section longitudinale (L1) compre-
nant un puits de forage (2), un train de tiges (5) placé
dans le puits de forage (2) et un espace annulaire
(8) situé entre le puits de forage (2) et le train de
tiges (5), dans lequel le procédé comprend les éta-
pes suivantes:

(A) abaisser un outil de perforation (31) dans le
train de tiges (5) sur ladite section longitudinale
(L1) du puits (1);

(B) au moyen de l'outil de perforation (31), for-
mer des perforations (51) dans le train de tiges
(5) le long de ladite section longitudinale (L1);
(C) au moyen de l'outil de ringage (33) fixé a une
partie d’extrémité inférieure d’un train d’outils de
travail tubulaire (3), qui est abaissé dans le train
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de tiges (5) sur ladite section longitudinale (L1),
pomper un fluide de ringage (35) vers le bas a
travers le train d’outils de travail tubulaire (3),
vers I'extérieur a travers au moins une sortie de
ringage (331) dans l'outil de ringage (33), a I'in-
térieur du train de tiges (5), ainsi nettoyant le
train de tiges (5) et 'espace annulaire (8) le long
de ladite section longitudinale (L1),

dans lequel un axe de sortie (b) d’au moins une
de ladite au moins une sortie de ringage (331)
dans I'outil de ringage (33) est non-perpendicu-
laire a un axe longitudinal (a) de l'outil de ringage
(33);

(D) pomper un produit colmatant fluidisé (37)
vers le bas a travers le train d’outils de travail
tubulaire (3) et dans le train de tiges (5) au ni-
veau de ladite section longitudinale (L1);

(E) disposer le produit colmatant fluidisé (37)
dansle train de tiges (5) le long d’au moins ladite
section longitudinale (L1), de sorte a disposer
également le produit colmatant fluidisé (37)
dans ledit espace annulaire (8) a travers les per-
forations (51) dans le train de tiges (5); selon
quoi le produit colmatant fluidisé (37) forme un
colmatage (25) recouvrant sensiblement une
section transversale entiere (T1) le long d’au
moins ladite section longitudinale (L1);

(F) retirer le train d’outils de travail (3) hors du
puits (1),

caractérisé en ce que le procédé comprend
également

(G) abandonner le puits (1), et

dans lequel le procédé, aux étapes (D) et (E), com-
prend pomper le produit colmatant fluidisé (37) dans
le train de tiges (5) a travers au moins une sortie
d’arrosage dans l'outil de ringage (33) de sorte a
décharger sous forme d’un jet d’arrosage de produit
colmatant fluidisé (37) depuis I'outil de ringage (33).

Le procédé selon la revendication 1, dans lequel le
ringage avec fluide de ringage (35) et'arrosage avec
le produit colmatant fluidisé (37) sont effectués dans
un seul et méme voyage dans le puits (1).

Le procédé selonlarevendication 1 ou 2, dans lequel
I'outil de ringage (33) est formé avec une pluralité de
sorties de ringcage (331) ayant des axes de sortie
respectifs (b) inclinés a = 80 ° d’'un plan (c) perpen-
diculaire a I'axe longitudinal (a) de I'outil de ringcage
(33), moyennant quoi les jets de ringage correspon-
dants provenant de l'outil de ringage (33) sont éga-
lement inclinés a = 80 ° dudit plan perpendiculaire

(©).

Le procédé selon la revendication 1, 2 ou 3, dans
lequel le procédé, entre les étapes (B) et (C), com-
prend également les étapes suivantes:
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- retirer l'outil de perforation (31) hors du puits
(1); et

- fixer I'outil de ringage (33) a ladite partie d’ex-
trémité inférieure du train d’outils de travail tu-
bulaire (3) pour I'exécution ultérieure de I'étape
(C);

moyennant quoi la perforation et le rincage sont ef-
fectués lors de voyages séparés dans le puits (1).

Le procédé selon la revendication 1, 2 ou 3, dans
lequel le procédé, avant I'étape (A), comprend éga-
lement les étapes suivantes:

- connecter I'outil de perforation (31) et I'outil de
ringage (33) dans un ensemble (34) de ceux-ci ;
et

- relier 'ensemble (34) a ladite partie inférieure
du train d’outils de travail tubulaire (3);

moyennant quoi la perforation et le ringcage sont ef-
fectués en un seul et méme voyage dans le puits (1).

Le procédé selon I'une quelconque des revendica-
tions 1 a 5, dans lequel I'étape (E) comprend le dé-
placement du train d’outils de travail tubulaire (3) a
I'intérieur du train de tuyaux (5) tout en y plagant le
matériau de colmatage fluidisé (37).

Le procédé selon I'une quelconque des revendica-
tions 1 a 6, comprenant la décharge du fluide de
ringage (35) de ladite au moins une sortie de ringcage
(331) dans I'outil de ringage (33) a une vitesse de
décharge d’au moins 50 métres par seconde.

Le procédé selon I'une quelconque des revendica-
tions 1 a7, dans lequel le procédé, avant I'étape (D),
comprend également la disposition et I'ancrage
d’'une base de bouchon (38) dans le train de tiges
(5), eten dessous de la section longitudinale (L1) du
puits (1).

Le procédé selon I'une quelconque des revendica-
tions 1 a 8, dans lequel I'outil de ringage (33) com-
prend une premiére section pour décharger, a I'éta-
pe (C), le fluide de ringage (35) via ladite au moins
une sortie de ringage (331), et une deuxieéme section
pour l'arrosage dans les étapes (D) et (E), du maté-
riau d’obturation fluidisé (37) via ladite au moins une
sortie d’arrosage dans l'outil de ringage (33).

Le procédé selon la revendication 9, dans lequel le
diametre dudit jet de matériau d’obturation fluidisé
(37) étant déchargé de ladite deuxiéme section de
I'outil de ringage (33) est plus grand que le diamétre
dudit jet de ringage de fluide de ringcage (35) étant
déchargé de ladite premiére section de I'outil de rin-
cage (33).
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Le procédé selon la revendication 10, comprenant
la décharge duditjet de matériau d’obturation fluidisé
(37) aune vitesse de décharge de I'ordre de 15 a 25
meétres par seconde.

Le procédé selon la revendication 11, comprenant
la décharge duditjet de matériau d’obturation fluidisé
(37) aune vitesse de décharge de I'ordre de 18 a 22
meétres par seconde.

Le procédé selon I'une quelconque des revendica-
tions 1 a 8, dans lequel ladite au moins une sortie
de ringcage (331) et ladite au moins une sortie d’ar-
rosage dans I'outil de ringage (33) sont une seule et
méme, moyennant quoi a la fois le fluide de ringage
(35) et le matériau de colmatage fluidisé (37) se dé-
chargeront a travers ladite au moins une sortie (331)
dans l'outil de ringage (33); et

- dans lequel le procédé comprend la décharge
dudit jet de ringage de fluide de ringage (35) a
une vitesse de décharge plus élevée que celle
dudit jet de matériau d’obturation fluidisé (37)
ultérieur.

Le procédé selon la revendication 13, comprenant
la décharge du fluide de ringage (35) a une vitesse
de décharge d’au moins 50 metres par seconde, puis
la décharge du matériau de colmatage fluidisé (37)
ultérieur a une vitesse de décharge de I'ordre de 15
a 25 metres par seconde.

Le procédé selon I'une quelconque des revendica-
tions 1 a 14, dans lequel le procédé comprend éga-
lement les étapes suivantes:

- connecter, avant I'étape (D), un corps de dé-
placement au train d’outils de travail tubulaire
(3), et a proximité de 'outil de ringage (33); et
- utiliser, a I'étape (E), le corps de déplacement
pour déplacer et distribuer davantage le maté-
riau d’obturation fluidisé (37) dans le train de
tiges (5) et davantage dehors dans ledit espace
annulaire (8) via lesdites perforations (51) dans
le train de tiges (5) le long de la section longitu-
dinale (L1) du puits (1); ainsi facilitant le dépla-
cement et la distribution du matériau de colma-
tage fluidisé (37) a l'intérieur de ladite section
longitudinale (L1).
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