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(54) METHOD FOR SEALING AN OPENING OF A WELLBORE EQUIPMENT

(57) The invention concerns a method for sealing at
least one opening (16, 16A, 16B) of a wellbore equipment
(14) arranged in a wellbore (10) of a subterranean for-
mation (1) in order to improve the recovery of formation
fluids and/or gases, said method comprising the steps of
positioning a metal patch (80) between said wellbore
equipment (14) and a shock wave generation device (20),
said metal patch (80) facing the at least one opening
(16A, 16B) to be sealed, and generating, using a shock
wave generation device (20), at least one electrical dis-
charge into said wellbore (10) in order to propagate to-
ward said metal patch (80) at least one shock wave (90)
adapted to deform and fix the metal patch (80) onto the
wellbore equipment (14), sealing therefore the at least
one opening (16A, 16B).
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Description

FIELD OF THE INVENTION

[0001] The field of the invention relates to the sealing
of openings, such as perforations, holes, cracks or the
like and, more particularly, to a method and device for
sealing an opening of an equipment arranged in a well-
bore of a subterranean formation in order to improve the
recovery of formation fluids and/or gases. A preferred
application of the invention concerns sealing at least one
perforation of a metallic casing arranged in a wellbore.

BACKGROUND OF THE INVENTION

[0002] In the art of well boring, a borehole is drilled into
the earth through the oil or gas producing subterranean
formation or, for some purposes, through a water bearing
formation or a formation into which water or gas or other
liquids are to be injected.
[0003] Completion of a well may be carried out in a
number of ways dependent upon the nature of the for-
mation of interest. In particular, it is known to arrange a
casing into the wellbore to control formation elements.
Once installed into the wellbore, the casing is then per-
forated in a plurality of areas for allowing the passage of
oil and/or gas from the formation into the casing.
[0004] When the casing suffers damage, corrosion or
leaks, metal patches may be used to repair the casing
and enable production to be improved. Similarly, in de-
pleted wells nearing the end of viable production, a metal
patch may be used to seal some of the perforations of
the casing to improve the recovery of oil and/or gas. In
some cases, such sealing may be the only economic
means of safely returning the well to production.
[0005] Two main techniques are known to apply a met-
al patch on a casing arranged in a wellbore: mechanical
expansion and hydraulic pressure. An example of me-
chanical expansion is described in patent US6668930
and consists in arranging a coiled tubing into the casing
then using a tool for pressing the coiled tubing against
an area of the casing in order to create a patch on said
area. An example of solution using hydraulic pressure is
described in patent US6775894 and consists in loading
a coiled tubing into a delivery tool comprising a plunger
then applying hydraulic pressure for pushing the plunger
against the coiled tubing in order to release the coiled
tubing into the casing and therefore sealing the openings
of the casing in the corresponding area. The utilization
of such mechanical or hydraulic pressure tools is com-
plex, time-consuming and costly. Moreover, such meth-
ods of sealing openings may be unreliable as the pres-
sure may not be sufficient to solidly fix the patch and
properly seal the openings.
[0006] It is therefore an object of the present invention
to provide an improved method and system for efficiently,
rapidly, easily and effectively sealing an opening of a
equipment arranged in a wellbore of a subterranean for-

mation in order to improve the recovery of formation fluids
and/or gases. Another and further object of the present
invention is to provide an improved method and system
for sealing a tube arranged in a wellbore. Another and
further object of the present invention is to provide an
improved method and device for sealing a perforation of
a metallic casing arranged in a wellbore.

SUMMARY OF THE INVENTION

[0007] To this end, the present invention concerns a
method for sealing at least one opening of a wellbore
equipment arranged in a wellbore of a subterranean for-
mation in order to improve the recovery of formation fluids
and/or gases, said method comprising the steps of:

- positioning a metal patch between said wellbore
equipment and a shock wave generation device, said
metal patch facing the at least one opening to be
sealed;

- generating, using a shock wave generation device,
at least one electrical discharge into said wellbore in
order to propagate toward said metal patch at least
one shock wave adapted to deform and fix the metal
patch onto the wellbore equipment, sealing therefore
the opening.

[0008] The method according to the invention allows
thus efficiently, easily and rapidly for sealing an opening
of a wellbore equipment arranged in a wellbore. Such
opening may be a perforation, a hole, a crack or the like.
The wellbore equipment may be a metallic casing. Thus,
for example, the method may be advantageously used
to seal perforations, previously made in a metallic casing
disposed in a wellbore for recovering oil or gas for a sub-
terranean formation, allowing therefore stimulation the
recovery.
[0009] The method according to the invention provides
an electrohydraulic forming (EHF) process for solidly fix-
ing the metal patch to the wellbore equipment as the met-
al constituting the patch penetrates into the opening, al-
lowing strongly fixing the metal patch to the wellbore
equipment. In other words, electrohydraulic forming al-
lows pushing the material constituting the metal patch
enough into the opening to fix the metal patch solidly onto
the wellbore equipment and improve significantly the re-
covery of oil and/or gas.
[0010] The metal patch may take any adapted shape
such as; e.g., a tube or a plate such as a curved plate.
A plate may be used to seal a unique perforation. A tube
may be used to seal a plurality of perforations at the same
time.
[0011] In an embodiment according to the invention, a
series of at least ten shock waves, preferably twenty
shock wave, is generated for efficiently fixing the patch
to the wellbore equipment.
[0012] In a preferred embodiment, a plurality of series
of shock waves is generated. Advantageously, each se-
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ries of shock waves is generated repeatedly at different
locations along the wellbore equipment, for example dif-
ferent heights of a casing. Preferably, the different loca-
tions correspond to different locations of openings. Using
a plurality of series of shock waves allows advantageous-
ly fixing solidly the patch to the wellbore equipment.
[0013] Preferably, the at least one shock wave propa-
gates radially. For example, when the metal patch is
shaped as a tube, this allows sealing simultaneously a
plurality of openings.
[0014] In another embodiment, the at least one shock
wave propagates in a predetermined direction toward the
metal patch, for example using a reflector. In this case,
the metallic patch may be a curved plate which is posi-
tioned in front of a unique perforation and the at least one
shock wave is propagated in a predetermined direction
toward said curved plate.
[0015] In a preferred embodiment, the at least one
shock wave is generated in a transmitting fluid, such as
e.g. water or oil.
[0016] In an embodiment, the at least one shock wave
is generated in a transmitting liquid. Preferably, the trans-
mitting liquid is at least partially delimited by a membrane
and the at least one shock wave is propagated through
said membrane toward the metal patch for sealing the at
least one opening.
[0017] The invention also concerns a shock wave gen-
eration device for sealing with a metal patch at least one
opening of a wellbore equipment arranged in a wellbore
of a subterranean formation in order to improve the re-
covery of formation fluids and/or gases, said shock wave
generation device comprising a discharge unit config-
ured for generating at least one electrical discharge that
propagates at least one shock wave toward said metal
patch at least one shock wave adapted to deform and fix
the metal patch onto the wellbore equipment, sealing
therefore the at least one opening.
[0018] The shock wave generation device is a source
of electrohydraulic energy, which allows the metal patch
to be solidly fixed on the wellbore equipment to seal the
at least one opening by electrohydraulic forming (EHF).
[0019] Preferably, the discharge unit comprises a first
electrode and a second electrode for generating a high
voltage arc, preferentially in a shock wave transmitting
liquid.
[0020] In an embodiment, the discharge unit is config-
ured for generating at least one electrical discharge that
propagates at least one shock wave radially.
[0021] In another embodiment, the discharge unit is
configured for generating at least one electrical discharge
that propagates at least one shock wave in a predeter-
mined direction.
[0022] According to an embodiment, the shock wave
generation device comprises a chamber which is at least
partially filled with a shock wave transmitting liquid and
a membrane delimiting at least partially said chamber.
In particular, such membrane isolates the liquid in the
chamber from elements of the wellbore surrounding the

shock wave generating device, such as e.g. mud or other
fluids, while maintaining acoustic coupling with the con-
trol equipment, improving thus the propagation of shock-
waves while preventing external fluids from damaging
the discharge unit. Such flexible membrane prevents in
particular the deposits and other elements from damag-
ing electrodes and other components (insulators) of the
discharge unit.
[0023] Preferably, the membrane is deformable and/or
flexible and/or elastic in order to prevent the at least one
shock wave to bounce on it and to conduct efficiently the
at least one shock wave toward the metal patch.
[0024] In an embodiment according to the invention,
the membrane is made of fluorinated rubber or other
fluoroelastomer.
[0025] In an embodiment according to the invention,
the relative elongation of the membrane is at least 150
%, preferably at least 200% in order to be used efficiently
in oils, fuels, liquid reservoirs, aliphatic or aromatic hy-
drocarbons etc...
[0026] In an embodiment according to the invention,
the membrane is operable between -35°C and 250°C in
order to be used in oils, fuels, liquid reservoirs, aliphatic
and/or aromatic hydrocarbons etc...
[0027] In another embodiment, the shock wave gen-
eration device comprises at least one metallic wire
mounted between the first electrode and the second elec-
trode for creating a pressure wave. When a current cir-
culates between the first electrode and the second elec-
trode, the at least one metallic wire heats until vaporiza-
tion, generating therefore a pressure wave that propa-
gates into the fluid.
[0028] In a preferred embodiment according to the in-
vention, the shock wave generation device further com-
prises a power conversion unit, a power storage unit and
a control unit.
[0029] The invention also concerns the use of a shock
wave generation device as previously described for seal-
ing with a metal patch at least one opening of a wellbore
equipment arranged in a wellbore of a subterranean for-
mation in order to improve the recovery of formation fluids
and/or gases.
[0030] The invention also concerns a system compris-
ing a shock wave generation device as previously de-
scribed, a wellbore equipment comprising at least one
opening to be sealed, e.g. such as a casing, arranged in
a wellbore of a subterranean formation and at least one
metal patch arranged in said wellbore, between said
shock wave generation device and said wellbore equip-
ment, and facing said at least one opening to be sealed.
[0031] In an embodiment according to the invention,
the system further comprises a connection mean coupled
to the shock wave generation device for inserting said
shock wave generation device in the wellbore nearby the
wellbore equipment, a voltage source located external
of the wellbore and an electrical circuit within said wireline
for connecting said voltage source to the shock wave
generation device.
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[0032] For example, the connection mean may be a
wireline for a vertical wellbore, a wireline tractor for push-
ing the device into both vertical or horizontal wellbores
or a coiled tubing for both vertical or horizontal wellbores.
In the case of a coiled tubing, the device is mounted on
the coiled tubing which is then introduced into the well-
bore.
[0033] The invention also concerns a wellbore for re-
covering formation fluids or gases from a subterranean
formation, said wellbore comprising at least one wellbore
equipment arranged into said wellbore and comprising
at least one opening to be sealed, a shock wave gener-
ation device as previously described and at least one
metal patch arranged in the wellbore between said shock
wave generation device and said wellbore equipment,
facing said at least one opening.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] These and other features, aspects, and advan-
tages of the present invention are better understood with
regard to the following Detailed Description of the Pre-
ferred Embodiments, appended Claims, and accompa-
nying Figures, where:

FIG. 1 schematically illustrates a cross-sectional
view of a wellbore comprising a casing and a shock
wave generation device;
FIG. 2 schematically illustrates a cross-sectional
view of an embodiment of a shock wave generation
device according to the invention positioned into the
casing of the wellbore of FIG. 1 and facing a first
plurality of perforations;
FIG. 3 illustrates the wellbore of FIG. 2 further com-
prising a metal patch;
FIG. 4 illustrates shockwave generation by the shock
wave generation device of FIGS. 2 and 3;
FIG. 5 illustrates sealed casing perforations follow-
ing shockwave generation by the shock wave gen-
eration device of FIGS. 2 to 4;
FIG. 6 illustrates the shock wave generation device
of FIGS. 2 to 5 positioned at a different height in the
wellbore, facing a second plurality of perforations;
FIG. 7 illustrates shockwave generation by the shock
wave generation device of FIG. 6;
FIG. 8 illustrates sealed casing perforations follow-
ing shockwave generation by the shock wave gen-
eration device of FIG 6;
FIG. 9 illustrates an embodiment of the method ac-
cording to the invention.

[0035] In the accompanying Figures, similar compo-
nents or features, or both, may have the same or a similar
reference label.

DETAILED DESCRIPTION

[0036] The Specification, which includes the Summary

of Invention, Brief Description of the Drawings and the
Detailed Description of the Preferred Embodiments, and
the appended Claims refer to particular features (includ-
ing process or method steps) of the invention. Those of
skill in the art understand that the invention includes all
possible combinations and uses of particular features de-
scribed in the Specification.
[0037] Those of skill in the art understand that the in-
vention is not limited to or by the description of embodi-
ments given in the Specification. The inventive subject
matter is not restricted except only in the spirit of the
Specification and appended Claims.
[0038] Those of skill in the art also understand that the
terminology used for describing particular embodiments
does not limit the scope or breadth of the invention. In
interpreting the Specification and appended Claims, all
terms should be interpreted in the broadest possible
manner consistent with the context of each term. All tech-
nical and scientific terms used in the Specification and
appended Claims have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs unless defined otherwise.
[0039] As used in the Specification and appended
Claims, the singular forms "a", "an", and "the" include
plural references unless the context clearly indicates oth-
erwise. The verb "comprises" and its conjugated forms
should be interpreted as referring to elements, compo-
nents or steps in a non-exclusive manner. The refer-
enced elements, components or steps may be present,
utilized or combined with other elements, components or
steps not expressly referenced. The verb "couple" and
its conjugated forms means to complete any type of re-
quired junction, including electrical, mechanical or fluid,
to form a singular object from two or more previously non-
joined objects. If a first device couples to a second device,
the connection can occur either directly or through a com-
mon connector. "Optionally" and its various forms means
that the subsequently described event or circumstance
may or may not occur. The description includes instances
where the event or circumstance occurs and instances
where it does not occur. "Operable" and its various forms
means fit for its proper functioning and able to be used
for its intended use.
[0040] Spatial terms describe the relative position of
an object or a group of objects relative to another object
or group of objects. The spatial relationships apply along
vertical and horizontal axes. Orientation and relational
words including "uphole" and "downhole"; "above" and
"below"; "up" and "down" and other like terms are for
descriptive convenience and are not limiting unless oth-
erwise indicated.
[0041] Where the Specification or the appended
Claims provide a range of values, it is understood that
the interval encompasses each intervening value be-
tween the upper limit and the lower limit as well as the
upper limit and the lower limit. The invention encompass-
es and bounds smaller ranges of the interval subject to
any specific exclusion provided.
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[0042] Where the Specification and appended Claims
reference a method comprising two or more defined
steps, the defined steps can be carried out in any order
or simultaneously except where the context excludes that
possibility.
[0043] The invention is described hereunder in refer-
ence to a well for producing formation fluids or gases
such as e.g. oil wherein the formation is a sand formation.
This does not limit the scope of the present invention
which may be used with any type of formation wherein
formation elements arranged on or between control par-
ticles of a formation control apparatus could prevent the
passage of formation fluids or gases.
[0044] FIG. 1 shows a subterranean formation 1 com-
prising a treatment zone 3. For example, such a treatment
zone 3 may be made of rock. In this example, treatment
zone 3 has an upper bound 5 and a bottom bound 7. The
treatment zone 3 comprises a porous zone 9 that con-
stitutes a reservoir of hydrocarbons, such as oil or gas.
[0045] The porous zone 9 is accessible through a well-
bore 10 extending from the surface 11 through to the
treatment zone 3. The uphole bound 5 is the uphole-most
portion of treatment zone 3 accessible through wellbore
10 and the downhole bound 7 is the downhole-most por-
tion of treatment zone 3 accessible through wellbore 10.
[0046] The treatment zone 3 interfaces with the well-
bore 10 at wellbore wall 12 and extends radially from
wellbore 10. In this example, the wellbore 10 is vertical,
but this does not limit the scope of the present invention
as the method and device according to the invention may
advantageously be used in any type of wellbores such
as e.g. horizontal wellbores.
[0047] In the example illustrated on figure 1, this wall
12 comprises a wellbore equipment which is a metallic
casing 14. This metallic casing 14 comprises perforations
16 that allow creating some flow paths within the treat-
ment zone 3 adjacent to the wellbore 10. Such metallic
casing 14 is known from the person skilled in the art.
[0048] A source of electrohydraulic energy in the form
of a shock wave generation device 20 is introduced (ar-
row 21) into the wellbore 10 and positioned near the well-
bore wall 12. The shock wave generation device 20 is
configured for generating a series of electrical discharges
that propagate a series of shock waves.
[0049] FIG. 2 to 8 illustrates a preferred embodiment
of the shock wave generation device 20 according to the
invention. The shock wave generation device 20 is cou-
pled to a wireline 22 which is operable to raise and lower
said shock wave generation device 20 and to supply pow-
er from the surface 11 (in reference to FIG. 1) to said
shock wave generation device 20. A voltage source (not
shown) located external of the wellbore 10 and an elec-
trical circuit (not shown) mounted within said wireline 22
allow connecting said voltage source to the shock wave
generation device 20. Electrical power is supplied by the
low voltage source at a steady and relatively low power
from the surface 11 through the wireline 22 to the down-
hole shock wave generation device 20.

[0050] In this example, and as already describes in US
patent 4,345,650 issued to Wesley or US patent
6,227,293 issued to Huffman, incorporated hereby by ref-
erence, the shock wave generation device 20 comprises
a power conversion unit 30, a power storage unit 40, a
control unit 50 and a discharge unit 60.
[0051] The power conversion unit 30 comprises suita-
ble circuitry for charging of the capacitors in the power
storage unit 40. Timing of the discharge of the energy in
the power from the power storage unit 50 through the
discharge unit 60 is controlled by the control unit 50.
[0052] In a preferred embodiment, the control unit 50
is a switch, which discharges when the voltage reaches
a predefined threshold.
[0053] The discharge unit 60 comprises a first elec-
trode 62 and a second electrode 64 configured for trig-
gering an electrical discharge. The discharge unit 60 may
be configured to propagate shock waves radially or in a
predetermined direction. Upon discharge of the capaci-
tors in the power storage section through the first elec-
trodes 62 and the second electrode 64, electrohydraulic
shock waves 60 (in reference to FIGS. 4 and 7) are gen-
erated.
[0054] The discharge unit 60 comprises a plurality of
capacitors (not represented) for storage of electrical en-
ergy configured for generating one or a plurality of elec-
trical discharges. Other designs of discharge unit 60 are
disclosed in US patent 6,227,293 issued to Huffman
which is included hereby reference. According to the
electrohydraulic effect, an electrical discharge is dis-
charged in a very short time (few micro seconds).
[0055] In this example, the discharge unit 60 further
comprises a membrane 66 delimiting a chamber 68
which is filled with a shock wave transmitting liquid 70,
allowing transmitting shock waves through the mem-
brane 66 toward the metallic casing 14. In another em-
bodiment, the discharge unit 60 may not comprise a
membrane 66. Such membrane 66 isolates the discharge
unit 60 from the wellbore 20 while maintaining acoustic
coupling with said wellbore 20, improving the propagation
of shockwaves while preventing external fluids from the
wellbore 20 from damaging the discharge unit 60.
[0056] In a preferred embodiment, the membrane 60
is flexible in order to an efficient propagation of shock
waves in many directions and prevent shock waves to
bounce on it, allowing therefore an efficient conduction
of the shock wave toward a metal patch to be sealed on
the metallic casing 14. To this end, the membrane 40
may be made of fluorine rubber or fluoroelastomer with
a relative elongation of at least 150 %, preferably at least
200% and being operable between -35°C and 250°C.
[0057] In reference to FIGS 3 to 8, the system accord-
ing to the invention comprises a metal patch 80. In this
embodiment, the patch 80 is shaped like a tube. Of
course, this does not limit the scope of the present in-
vention as the metal patch could be shaped as a plate
or any other suitable form. The thickness of the metal
patch 80 may range, for example, from 2 to 6 mm. The
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height and width of the metal patch 80 may range, e.g.
from 10 cm to 1 meter of more.

Examples of operation

[0058] The invention is describes in its application to
sealing perforations made in a metallic casing 14. As
described on FIG. 2, the shock wave generation device
20 is first positioned, in step S1, inside the casing 14 in
front of a first plurality of perforations 16A to be sealed.
An optimized position of the shock wave generation de-
vice 20 is defined by the alignment of the perforations
16A with the space between the first electrode 62 and
the second electrode 64, as shown on FIG. 2.
[0059] Then, in step S2, as described on FIG. 3, the
metal patch 80 is positioned inside the wellbore 10 be-
tween the shock wave generation device 20 and the first
plurality of perforations 16A to be sealed. Of course,
steps S1 and S2 may be inverted as the metal patch 80
may be positioned in the wellbore 10 before the shock
wave generation device 20.
[0060] In step S3, at least one shock wave 90, prefer-
ably a series of shock waves, is generated into the trans-
mitting liquid 70 by the discharge unit 60 of the shock
wave generation device 20. This at least one shock wave
90 propagates in step S4 through the membrane 40 to-
ward the metal patch as illustrated on FIG. 4.
[0061] In step S5, the at least one propagated shock
wave 90 deforms the metal patch 80 in an electrohydrau-
lic forming process so that said metal patch 80 is com-
pressed against the casing 14 on and into perforations
16A of the first plurality of perforations 16A, fixing the
metal patch 80 to the casing 14 and sealing eventually
therefore said perforations 16A as illustrated on FIG. 5.
[0062] The shock wave generation device 20 is then
moved, in step S6, to another position inside the casing
in order to seal a second plurality of perforations 16B as
illustrated on FIG. 6. In this example, position of said
second plurality of perforations 16B is lower than position
of the first plurality of perforations 16A. This does not limit
the scope of the present invention as the shock wave
generation device 20 could seal the second plurality of
lower perforations 16B first then be moved upwardly to
seal the first plurality of higher perforations 16A.
[0063] In step S7, at least one shock wave 90, prefer-
ably a series of shock waves, is generated into the trans-
mitting liquid 70 by the discharge unit 60 of the shock
wave generation device 20. This at least one shock wave
90 propagates in step S8 through the membrane 40 to-
ward the metal patch as illustrated on FIG. 7.
[0064] In step S9, the at least one propagated shock
wave 90 deforms the metal patch 80 in an electrohydrau-
lic forming process so that said metal patch 80 is com-
pressed against the casing 14 on and into perforations
16B of the second plurality of perforations 16B, fixing the
metal patch 80 to the casing 14 and sealing eventually
said perforations 16B as illustrated on FIG. 8.
[0065] A series of shock waves preferably comprises

at least ten shock waves, for example propagated at a
periodic interval of time, e.g. every 5 to 20 seconds. A
plurality of series may be advantageously repeated at
different heights in wellbore 10 to seal perforations 16
located at different places on the casing therefore im-
proving the recovery of oil or gas and the stimulation of
the wellbore 10.

Supplemental equipment

[0066] Embodiments include many additional stand-
ard components or equipment that enables and makes
operable the described device, process, method and sys-
tem.
[0067] Operation, control and performance of portions
of or entire steps of a process or method can occur
through human interaction, pre-programmed computer
control and response systems, or combinations thereof.

Experiment

[0068] Examples of specific embodiments facilitate a
better understanding of opening sealing method and de-
vice. In no way should the Examples limit or define the
scope of the invention.
[0069] Simulations have been carried out with different
metal types and different patch sizes. Aluminum-made
patches seem to particularly fit the opening sealing ap-
plication. In particular, 1mm-thick circular plate patches
with a diameter equal or greater than 15.6 mm reaches
a maximum displacement of 1.66 mm in a standard pro-
duction wellbore casing perforation, which allows effi-
ciently sealing such perforation.
[0070] The method according to the invention is not
limited to a casing and may be used to seal an opening
such as a crack or a hole on various different wellbore
equipments such as e.g. a sand control screen, a slotted
liner, a perforated liner, a valve, a port, etc. The method
according to the invention is not limited to a production
wellbore and may be used into an abandoned wellbore
or an injection wellbore such as a chemical or vapor in-
jection wellbore. The invention is not limited to the de-
scribed embodiment and can be applied to all type of
formation fluids or gases transportation means.

Claims

1. A method for sealing at least one opening (16, 16A,
16B) of a wellbore equipment (14) arranged in a well-
bore (10) of a subterranean formation (1) in order to
improve the recovery of formation fluids and/or gas-
es, said method comprising the steps of:

- positioning (S2) a metal patch (80) between
said wellbore equipment (14) and a shock wave
generation device (20), said metal patch (80)
facing the at least one opening (16A, 16B) to be
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sealed;
- generating (S3), using a shock wave genera-
tion device (20), at least one electrical discharge
into said wellbore (10) in order to propagate to-
ward said metal patch (80) at least one shock
wave (90) adapted to deform and fix the metal
patch (80) onto the wellbore equipment (14),
sealing therefore the at least one opening (16A,
16B).

2. A method according to claim 1, wherein a series of
at least ten shock waves (90) is generated.

3. A method according to any of claims 1 and 2, wherein
a plurality of series of shock waves (90) is generated.

4. A method according to claim 3, wherein each series
of shock waves (90) is generated repeatedly at dif-
ferent locations along the wellbore equipment (14).

5. A method according to any of claims 1 to 4, wherein
the at least one shock wave (90) propagates radially.

6. A method according to any of claims 1 to 4, wherein
the at least one shock wave (90) propagates in a
predetermined direction toward the metal patch (80).

7. A method according to any of claims 1 to 6, wherein
the at least one shock wave (90) is generated in a
transmitting fluid (70).

8. A method according to claim 7, wherein the trans-
mitting liquid (70) is at least partially delimited by a
membrane (66) and the at least one shock wave (90)
is propagated through said membrane (66) toward
the metal patch (80) for sealing the at least one open-
ing (16A, 16B).

9. The use of a shock wave generation device (80) for
sealing with a metal patch (80) at least one opening
(16, 16A, 16B) of a wellbore equipment (14) ar-
ranged in a wellbore (10) of a subterranean formation
(1) in order to improve the recovery of formation fluids
and/or gases, said shock wave generation device
(20) comprising a discharge unit (60) configured for
generating at least one electrical discharge that
propagates at least one shock wave (90) toward said
metal patch (80) at least one shock wave (90) adapt-
ed to deform and fix the metal patch (80) onto the
wellbore equipment (14), sealing therefore the at
least one opening (16A, 16B).

10. A system comprising a shock wave generation de-
vice (20) for sealing with a metal patch (80) at least
one opening (16, 16A, 16B) of a wellbore equipment
(14) arranged in a wellbore (10) of a subterranean
formation (1) in order to improve the recovery of for-
mation fluids and/or gases, a wellbore equipment

(14) comprising at least one opening (16, 16A, 16B)
to be sealed arranged in a wellbore (10) of a subter-
ranean formation (1) and at least one metal patch
(80) arranged in said wellbore (10), between said
shock wave generation device (20) and said wellbore
equipment (14), and facing said at least one opening
(16, 16A, 16B) to be sealed, said shock wave gen-
eration device (20) comprising a discharge unit (60)
configured for generating at least one electrical dis-
charge that propagates at least one shock wave (90)
into said shock wave transmitting liquid (70) toward
said metal patch (80) at least one shock wave (90)
adapted to deform and fix the metal patch (80) onto
the wellbore equipment (14), sealing therefore the
opening (16A, 16B).

11. A system according to claim 10, said system further
comprising a wireline (22) coupled to the shock wave
generation device (20) for inserting said shock wave
generation device (20) in the wellbore (10) nearby
the wellbore equipment (14), a voltage source locat-
ed external of the wellbore (10) and an electrical cir-
cuit within said wireline (22) for connecting said volt-
age source to the shock wave generation device
(20).

12. A wellbore (10) for recovering formation fluids or gas-
es from a subterranean formation (1), said wellbore
(10) comprising at least one wellbore equipment (14)
arranged into said wellbore (10) and comprising at
least one opening (16, 16A, 16B) to be sealed, a
shock wave generation device (20) and at least one
metal patch (80) arranged in the wellbore (10) be-
tween said shock wave generation device (20) and
said wellbore equipment (14), facing said at least
one opening (16, 16A, 16B).
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