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treatment zone and introducing (S2a) a chemical agent within said treatment zone for increasing the permeabillity of said treatment
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ABSTRACT

The invention concerns a method for stimulating a treatment zone near a wellbore area
in fluid connection with at least one porous zone of a subterranean formation, said
method comprising the steps of generating (S1a) at least one electrical discharge in said
wellbore at a distance from the at least one porous zone in order to propagate at least
one shock wave adapted to fracture said treatment zone and introducing (S2a) a chemical

agent within said treatment zone for increasing the permeability of said treatment zone.
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Method and device for stimulating a treatment zone near a wellbore area

of a subterranean formation

T A A

[0001] The field of the invention relates to the stimulation of a subterranean
formation and, more particularly, to a method and device for improving the recovery of

hydrocarbons in a wellbore from at least one porous zone of a subterranean formation.

BACKGROUND OF THE INVENTION

AAd A4 el o a Aaaaaa

(0002] Several techniques exist in order to retrieve a fluid, such as e.g. oil or gas,
from a subterranean formation. These techniques are mainly ciassified into primary,

secondary and tertiary production methods.

[0003] Pressure is the key when collecting oil from the natural underground
subterranean formations in which it forms. When a well is drilled, the pressure inside the
formation pushes the oil deposits from the fissures and pores where it collects and into
the wellbore where it can be recovered. Primary production methods consist in extracting
the fluid using the natural flow or an artificial lift. However, the initial pressure of the oil is

finite.

[0004] Secondary oil recovery is employed when the pressure inside the well

drops to levels that make primary recovery no longer viable. Secondary recovery
techniques involve injection of fluids or gas to increase reservoir pressure, or the use of
artificia! lift. However, these techniques allow only recovering around one third of the oil

before the cost of producing becomes higher than the price the market wouid pay.

{0005] Tertiary production methods also calléd Enhanced Oil Recovery (EOR) may

be performed on a well to increase or restore production.

[0006) EOR uses sophisticated techniques that may actually be initiated at any
time during the productive life of an oil reservoir. Its purpose is not only to restore
formation pressure, but also to improve oil displacement or fluid flow in the reservorr.

Three common types of EOR operations are chemical flooding (alkaline flooding or
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micellar-polymer flooding), miscible displacement (carbon dioxide injection or

hydrocarbon injection), and thermal recovery {steamflood or in-situ combustion).

[0007] | Stimulation consists of increasing permeability of the oil or gas remaining
in the subterranean formation, thereby facilitating the flow of hydrocarbonaceous fluids
into the well from the subterranean formation. Stimulation may be employed to start
oroduction from a reservoir when a well has initially low permeability or to further
increase permeability and flow from an already existing well that has become under-

productive.

[0008]} One common stimulation method consists in injecting a chemical agent,
e.g. an acid composition, into the subterranean formation. Such techniques, called
“acidizing techniques”, may be carried out as "matrix acidizing" procedures or as "acid-

fracturing" procedures.

{0009] In acid fracturing, the acidizing composition is injected within the wellbore
under sufficient pressure to cause fractures to form within the subterranean formation
and trigger a chemical reaction that increase the permeability of the oil within the
subterranean formation. Such a fracturing requires the injection of the acid composition

under high pressure, which may be complex, costly and/or inefficient.

[00010] In matrix acidizing, the acidizing fluid is passed into the formation from the
well at a pressure below the fracturing pressure of the formation. in this case, the '
permeability increase is caused primarily by the chemical reaction of the acid within the

formation with little or no permeability increase being due to mechanical disruptions
within the subterranean formation as in fracturing.

[00011] A common difficulty encountered in acidizing relates to the rapid reaction
rate of the acidizing composition with those portions of the formation with which it first
comes into contact. This is particularly the case in matrix acidizing. As the acidizing
composition is introduced into the wellbore, the acid reacts rapidly with the material
immediately adjacent to the wellbore. Thus, the acid is “spent” before it can penetrate a
significant distance into the subterranean formation. For example, in matrix acidizing of a
limestone formation, it is common to achieve maximum penetration with a live acid to a
depth of only a few inches to a foot from the face of the wellbore. This, of course,

severely limits the increase in productivity of the well.
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[00012] Various methods have been attempted to reduce the reaction rate of the
acid with the rock formation. For example, reaction inhibitors may be added to the acid
composition. Additionally, the local temperature in the wellbore may be reduced in order
to slow down the reaction rate of the acid fluid. However, all of these solutions suffer
serious drawbacks by increasing the cost and complexity of the matrix acidizing
operation. Therefore, it would be advantageous to have a method and a device that

provides for an improved deep acid stimulation over those known heretofore.

10001 3] The present invention concerns a method for stimulating a treatment zone
near a wellbore area in fluid connection with at least one porous ione of a subterranean
formation, said method comprising the steps of:

- generating at least one electrical discharge in said wellbore at a distance from the at
least one porous zone in order to propagate at least one shock wave adapted to fracture

said treatment zone; and

- introducing a chemical agent within said treatment zone for increasing the permeability

of said treatment zone.

[00014] The shock wave generated by the electrical discharge fractures the porous
zone, increasing the area of contact with the chemical agent and thus making the

stimulation more effective.

[00015]) In the stimulation method according to the invention, the combination of
shock wave fracturing substantially simultaneously, preceding or followed by chemical
agent stimulation enhances dramatically the mobility of previously immobile
hydrocarbons stored in the porous zone for producing said mobilized hydrocarbons from

the wellbore, improving therefore the effectiveness of the hydrocarbon recovery.

[00016] Furthermore, shock wave fracturing does not require pressure greater than
the fracture gradient pressure advantageously reducing cost, complexity and time of

operation. Similarly, injecting a chemical agent in a fractured porous zone, e.g. using a jet
3
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injection method, increases rapidly and efficiently the permeability of the hydrocarbons

of the porous zone, advantageously also reducing cost, complexity and time of operation.

[00017] In a first embodiment of the method according to the invention, the step of
generating an electrical discharge is performed prior to the step of introducing the
chemical agent. This allows the shock wave to fracture the porous zone before the
chemical agent is introduced, incregsing therefore the surface of contact of the chemical

agent, improving thus the effectiveness of the method.

(00018] In a second embodiment of the method according to the invention, the
step of introducing a chemical agent is performed prior to the step of generating an
electrical discharge, allowing therefore a deeper penetration of the chemical agent to be

drived further by the shock wave effect, improving thus the effectiveness of the method.

- {00019] In a third embodiment of the methad according to the invention, the step

of generating an electrical discharge and the step of introducing a chemical agent are
performed simultaneously, allowing thus the method to be carried out faster and with

improved effectiveness.

[00020] Preferably, the shock wave propagates radially from the longitudinal axis of
the wellbore and/or the chemical agent is introduced preferentially into the newly

created fractures,

[00021] In another embodiment, the shock wave propagates in a predetermined

direction and/or the chemical agent is introduced toward a predetermined direction.

[00022] Preferably, a series of shock waves is propagated. For example, a series of
at least ten shock waves may be propagated, e.g. at a periodic interval of time, for
example every 5 to 20 seconds. A plurality of series may be advantageously repeated at

different locations in the wellbore.

[00023] in a preferred embodiment according to the invention, the electrical

discharge is generated in a liquid that propagates the shock wave.
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[00024] According to an embodiment, the chemical agent Is any composition,
which may improve hydrocarbon recovery when added to the wellbore such as e.g. a

composition comprising an acid, a miscible fluid or a polymer.

[00025] An acid reacts with the mineral constituents of the subterranean formation
in order to increase the permeability of the hydrocarbons of the porous zone. The use of
a shock wave generated by an electrical discharge in combination with an acid

composition allows increasing dramatically the depth of penetration of the acid

throughout the targeted porous zone of the subterranean formation.

[00026] Moreover, the method does not require introducing the acid composition
in excess of the fracture gradient pressure of the subterranean formation. Although
potentially useful as a hydraulic fracturing or “fracking” fluid, the acid composition useful
for deep acid stimulation is operable to permit diffusion of the acid into the subterranean
formation through the wellbore wall using fluid transport and diffusion mechanics.
Furthermore, with the méthod according to the invention, there is no need to introduce

an externally supplied surfactant.

[00027] in an embodiment of the method according to the invention, the acio
composition is introduced at a static pressure less than the fracture gradient pressure

value of the subterranean formation.

[00028] Preferably, the acid is a weak acid. A weak acid has a reaction rate with the
mineral constituents of the subterranean formation that is lower than the rate of
diffusion thought the subterranean formation. Using such a weak acid can prevent all the

acid being consumed upon introduction to the wellbore wall surface.

[00029] Advantageously, the acid may be introduced in the form of a gel or foam in
order to avoid the acid to react too quickly upon initial application to the weitbore wall.
This allows maximizing the distance of diffusion through the subterranean formation,
which improves the quality of the stimulation per treatment, instead of simply acidizing

the surface of the wellbore wall with the entire amount of applied acid.
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(00030] In an embodiment of the method according to the invention, a significant
portion of the acid prevents reacting with the subterranean formation until the acid is
diffused into the subterranean formation by the propagation of the at least one shock
wave. In an embodiment of the me;hod, a “significant portion” means at least 50% of the
acid introduced with the acid composition. In an embodiment, a significant portion means
at least 60% of the acid introduced. In an embodiment, a significant portion means at
least 70% of the acid introduced. In an embodiment, a significant portion means at least
80% of the acid introduced. In an embodiment, a significant portion means at least 90% of
the acid introduced. In an embodiment, a significant portion means at feast 95% of the
acid introduced. As this significant portion decreases with time, the propagation of the at
least ane shock wave is preferably performed when at least 50 % of the introduced acid
remains. For example, the propagation of the at least one shock wave is preferably

performed within a few hours, e.g. 24, preferably 12 hours, after acid introduction.

[00031] The difference in depth between initial acid penetration depth and the
subsequent acid penetration depth depends on several factors, including the energy and
frequency of the shock waves, time between generation of the at least one electrical
discharge and the introduction of the chemical agent {e.g. simultaneous or up to several
days), time of exposure to shock waves (e.g. few hours), the type of chemical agent and

the composition of the subterranean formation.

[00032] The invention also concerns a stimulating device for recovering
hydrocarbons in a wellbore from at least one porous zone of a subterranean formation,
said device comprising:

- a electrical discharge generating unit configured for generating at least one electrical
discharge in said wellbore at a distance from the at least one porous zonhe in order to
propagate at least one shock wave for fracturing said at least one porous zone; and

- a chemical agent introducing unit configured for introducing a chemical agent within

said at least one porous zone for increasing the permeability of said hydrocarbons.
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[00033] A unique tool comprising an electrical discharge generating unit and a
chemical agent introducing unit allows advantageously recovering quicker hydrocarbons

in the wellbore.

[00034] In an embodiment of the device according to the invention, the electrical
discharge unit comprises a first electrode and a second electrode for generating the at

least one electrical discharge that propagates the at least one shock wave.

{00035] In a preferred embodiment, the electrical discharge unit comprises a
membrane (or sleeve) delimiting partially a chamber which is at least partially filled with a

shock wave transmitting liquid.

[00036] Such a membrane isolates the liquid in the chamber from elements of the
wellbore surrounding the stimulating device, such as e.g. mud, acid or other fluids, while
maintaining coupling the shock wave with the formation. Such a flexible membrane
prevents the acid composition from damaging electrodes and other components

(insulators) of the electrical discharge unit.

[00037] Preferably, the membrane is deformable and/or flexible and/or elastic in

order to conduct efficiently the shock wave into the formation.

[00038] In an embodiment according to the invention, the membrane is made of

fluorinated rubber or other fluoroelastomer to propagate shock waves efficiently toward

the openings.

[00039] In an embodiment according to the invention, the relative deformation of

the membrane (25) is at least 150 %, preferably at least 200%.

[00040] The electrical discharge generating unit may be mounted above or under

the chemical agent introducing unit.

(00041] The electrical discharge generating unit and the chemical agent introducing

unit may be configured to work simultaneously or alternatively.
7
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[00042] For example, when the electrical discharge is to be performed before the
introduction of the chemical agent, the electrical discharge generating unit may be
mounted under the chemical agent introducing unit and both the electrical discharge
generating unit and the chemical agent introducing unit may work simultaneously as the
stimulating device goes down the wellbore, preferably at a constant speed, allowing the

stimulating process to be carried out quickly, e.g. in a few hours.

BRIEF DESCRIPTION OF THE DRAWINGS

{00043] These and other features, aspects, and advantages of the present invention
are better understood with regard to the following Detailed Description of the Preferred

Embodiments, appended Claims, and accompanying Figures, where:

FIG. 1 illustrates a cross-sectional view of a pre-formed wellbore comprising an

embodiment of a stimulation device according to the invention;

FIG. 2 illustrates an example of fracturing using the stimulation device according to the

invention; ¢
FIG. 3 illustrates an example of result of the fracturing of FIG 2;

FIG. 4 illustrates an example of fracturing using the stimulation device according to the

invention;
FIG. 5 illustrates an embodiment of a stimulation device according to the invention;

FIG. 6 illustrates a first embodiment of the method according to the invention,;

FIG. 7 illustrates a second embodiment of the method according to the invention;
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FIG. 8 illustrates a third embodiment of the method according to the invention;

FIG. 9 shows the histogram depth analysis for both before and after shock wave and acid

exposure.

In the accompanying Figures, similar components or features, or both, may have the

same or a similar reference label.

DETAILED DESCRIPTION

(00044] 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 {including 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 described in the Specification.

[00045] Those of skill in the art understand that the invention is not limited to or
by the description of embodiments given in the Specification. The inventive subject

matter is not restricted except only in the spirit of the Specification and appended Claims.

[00046] 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 technical 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.

(00047] As used in the Specification and appended Claims, the singular forms "a",
"an”, and "the" include plural references unless the context clearly indicates otherwise.
The verb "comprises" and its conjugated forms should be interpreted as referring to
elements, components or steps in a non-exclusive manner. The referenced 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 required junction, including electrical, mechanical
9
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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 common 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.

[00048] Spatial terms describe the relative position of an object or a3 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 otherwise indicated.

[00049] Where the Specification or the appended Claims provide a range of values,
it is understood that the interval encompasses each intervening value between the upper
limit and the lower limit as well as the upper limit and the lower limit. The invention
encompasses and bounds smaller ranges of the interval subject to any specific exclusion

provided.

[00050] 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.

[00051] FIG. 1 shows a subterranean formation 1 comprising a treatment zone 3,
For example, such a treatment zone 3 may be made of rock. Treatment zone 3 has an

upper bound 5 and a bottom bound 7.

[00052] In this example, the treatment zone 3 comprises a plurality of porous zones
each being a portion of the subterranean formation 1 to be treated. Porous zones 9

constitute reservoirs of hydrocarbons such as oil or gas.

{00053} The subterranean formation 1 and the treatment zone 3 are accessible
through a wellbore 10. The wellbore 10 extends from the surface downward to the

treatment zone 3. The treatment zone 3 interfaces with the wellbore 10 at wellbore wall
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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.

[00054]) The uphole bound 5 is the uphole-most portion of treatment zone 3
accessible through wellbore 1 and the downhole bound 7 is the downhole-most portion

of treatment zone 3 accessible through wellbore 10.

{00055 Wellbore 10 is defined by wellbore wall 12. In the example illustrated on
figure 1, this wall 12 comprises a metallic casing 14. This metallic casing 14 comprises
perforations 16 that allow creating some flow paths within the treatment zone 3 adjacent
to the wellbore 10.

{00056] A source of electrohydraulic energy in the form of a stimulating device 20 is

introduced (arrow 21) into the wellbore 10 and positioned near the wellbore wall 12.

[00057] FIG. 2 illustrates a preferred embodiment of the stimulating device 20
according to the invention, wherein the stimulating device 20 is a unique tool. The
stimulating device 20 is coupled to a wireline 22 which is operable to supply power from

the surface 23 to the stimulating device 20.

[00058] The stimulating device 20 comprises an electrical discharge generating unit
30 and a chemical agent introducing unit 40 that allow advantageously recovering more

hydrocarbons from the porous zones 9 into the wellbore 10.

(00059] In another embodiment of the device according to the invention, the
electrical discharge generating unit 30 and the chemical agent introducing unit 40 may be

two separated tools.

[00060] In the example illustrated in figure 2, the electrical discharge generating
unit 30 is mounted under the chemical agent introducing unit 40. The electrical discharge
generating unit 30 and the chemical agent introducing unit 40 may be independent

sections of the stimulating device 20 and may be, for example, rotatable. Moreover, the
11
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electrical discharge generating unit 30 and the chemical agent introducing unit 40 may be
configured to work simultaneously or in sequence. This allows for example, when the
electrical discharge is to be performed before the introduction of the chemical agent, the
electrical discharge generating unit 30 and the chemical agent introducing unit 40 to work
simultaneously as the stimulating device 20 goes down the wellbore 10, preferably at a

constant speed, allowing the stimulating method to be carried out quickly, e.g. in a few

hours.

(00061} The electrical discharge generating unit 30 is configured for generating one
or several electrical discharges in the wellbore 10 at a distance from the porous zones 9 in

order to propagate one or several shock waves within said porous zones 9,

[00062] The electrical discharge generating unit 30 may be configured to propagate

shock waves radially or in a predetermined direction.

{00063} 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 reference, the
electrical discharge generating unit 30 comprises a power conversion unit 31, a power
storage unit 32, a discharge control unit 33 and a discharge system 34, The discharge
system 34 comprises a first electrode 34a and a second electrode 34b configured for

triggering an electrical discharge.

[00064] The discharge system 34 comprises a plurality of capacitors {not
represented) for storage of electrical energy configured for generating one or a plurality

of electrical discharges into the shock wave transmitting liguid 37.

[00065] Electrical power is supplied at a steady and relatively low power from the
surface through the wireline 22 to the downhole stimulating device 20 and the power
conversion unit 31 comprises suitable circuitry for charging of the capacitors in the power
storage unit 32. Timing of the discharge of the energy in the power from the power
storage unit 32 through the discharge system 34 is accomplished using the discharge

control unit 33.

12
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[00066] In a preferred embodiment, the discharge control unit 33 for example is a
switch, which discharges when the voltage reaches a predefined threshold. Upon
discharge of the capacitors in the power storage section through the first electrodes 34a
and the second electrode 34b of the discharge control unit 33, electrohydraulic shock
waves 50 (in reference to FIG 3) are transmitted into the subterranean formation 1. Other
designs of discharge unit 34 are disclosed in US patent 6,227,293 issued to Huffman which

is included hereby reference. Other embodiments also known can be implemented.

(00067] Stilf in reference to figure 2, the electricaf discharge unit 30 comprises a
membrane (or sleeve) 35 partially defining a chamber 36 around the discharge system 34
and which is fulfilled with a shock wave transmitting liquid 37 that allows transmitting
shock waves through the membrane 35 into the subterranean formation 1. According to
the electrohydraulic effect, an electrical discharge is discharged in a very short time (few

micro seconds for example) in the shock wave transmitting liquid 37.

[00068] Such a membrane 35 isolates the liquid 37 in the chamber 36 from the
wellbore 10 while maintaining acoustic coupling with the formation 1, allowing
advantageously the simultaneous use of the electrical discharge generating unit 30 and
the chemical agent introducing unit 40 while preventing the acid composition from
damaging the first electrode 34a and the second electrode 34b and other components

(insulators) of the electrical discharge unit 34.

[00069] The membrane 35 must be deformable. The flexibility of the membrane 35

deforms allowing therefore an efficient conduction of the shock wave into the formation

for fracturing the porous zones 9.

[00070] FIGS 3 and 4 illustrate the operation of the electrical discharge generating
unit 30. The electrical discharge generating unit 30 generates electrohydraulic shock
waves 50 which propagate radially, via the shock wave transmitting liquid 37, into the
near wellbore area. These shock waves induce a number of micro fractures 52 into a
portion of the subterranean formation 1, on a depth D1 between 0.1 and 0.5 meter all
around the wellbore. These micro fractures 52 increase the contact area of the paths

between the treatment zone 3 and the wellbore 10.

13
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[00071] The chemical agent introducing unit 40 is configured for introducing a
chemical agent within the porous zone 9 for increasing the permeability of said treatment
zone. The permeability is the ability or measurement of a rock’s ability to transmit fluids
or gases. The chemical agent introducing unit 40 may be configured to introduce the

chemical agent radially or in a predetermined direction.

(00072} In the example described hereunder, the chemical agent is a composftion
comprising an acid. This does not limit the scope of the present invention as the chemical

agent may be, for example, a miscible fluid {such as e.g. CO2} or a polymer.

(00073] As described in FIG. 2, the chemical agent introducing unit 40 is coupled to
a coiled tubing 42, which is operable to supply the acid composition 43 (in reference to

FIG 5) and power from the surface to the chemical agent introducing unit 40.

[00074] The acid composition is introduced to treatment zone 3 through an acid
delivery system 44, which comprises acid flow channels 45, which are operable to direct

the acid composition onto the wellbore wall 12 in treatment zone 3.

[00075] FIG. 5 shows the chemical agent introducing unit 40 introduces an acid
composition 43 by jets to treatment zone 3 through acid flow channels 45. In this
example, the acid compaosition is introduced radially onto the wellbore wall 12 from

uphole bound 5 to downhole bound 7 of treatment zone 3.

[00076] The acid composition 43 coats the wellbore wall 12 where distributed and

allows the acid from the acid composition 43 to diffuse and penetrate into the treatment

zone 3, forming an acid treated portion 54 of the treatment zone 3.

[00077] The acid penetrates into treatment zone 3 to initial acid penetration depth

D2, which is the depth into subterranean formation 1 as measured from wellbore wall 12.

[00078] Diluted hydrochloric and sulfuric acids are useful examples of acids
solutions for the acid composition. Preferably, the acid has a pH value in a range of from
about 2 to about 5. A number of different acids are used in conventional acidizing
treatments. The most common are hydrochloric (HCl), hydrofluoric (HF), acetic

(CH3COOH), formic (HCOOH), suifamic (H2NSO3H) or chloroacetic (CICH2COQOH).

14
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(00079] The acid of the composition 43 may advantageously be a weak acid. Weak
acids are acids that do not fully disassociate in the presence of water. Acetic acid, formic
acid, fluoroboric acid and ethylenediaminetetraacetic acid (EDTA) are examples of useful
weak acids. Weak acids are considered useful in that their reaction is not instantaneous
and total with the minerals present in the formation upon contact but rather measured

through known reaction constants, permitting application of electrohydraulic energy.

[00080] The acid composition as part of an applied gel or foam can prolong contact
with the wellbore wall 12. The gel or foam can also reduce the amount of the acid
composition that directly contacts the wellbore wall 12, which increases the amount of
unreacted acid composition available for driving into the treatment zone 3 using

electrohydraulic energy.

(00081] The foam or gel can also improve the locating of the acid compaosition as
the foam or gel adheres to the wellbore wall 12 proximate to where it is distributed. An
embodiment of the method includes where the acid composition is part of a gel that is
operable to physically adhere to the wellbore wall 12. An embodiment of the method
includes where the acid composition is part of a foam that is operable to physically
adhere to the wellbore wall 12. Pressurized gases, including nitrogen, air and carbon

dioxide, are useful for creating a foam to carry the acid composition.

(00082] According the invention, the chemical agent introducing unit 40 is used on
the same zone as the one treated by electrohydraulic shock wave pulses. The chemical
agent introducing unit 40 introduces acid composition 43 radially into the treatment zone
3 from uphole bound 5 to downhole bound 7 of treatment zone 3. The stimulating device

20 may be moved in the wellbore 10 to treat the formation 1 at different position.

E’xamp’ies Of{) eration

[00083] FIG. 6 illustrates a first embodiment of the method according to the

invention, wherein the step S2a of acidizing is performed after the step S1a of shock wave
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fracturing. In this case, in reference to figures 4 and 5, the acid composition 43 fills the
micro fractures 52. The contact area between the acid composition 43 and the micro
fractures 52 of the treatment zone 3 is increased by a factor 5, increasing the efficiency of

the acidizing.

[00084] FIG. 7 illustrates a second embodiment of the method according to the
invention, wherein the step S1b of acidizing is performed before the step S2b of shock
wave fracturing. In this case, in reference to figures 3, 4 and 5, the shock waves 50 push

the acid composition 43 into the porous zones while creating the micro fractures 52.

[00085] FIG 8 illustrates a third embodiment of the method according to the
invention, wherein acidizing and shock wave fracturing are performed in a single step Slc.
In this case, in reference to figures 3, 4 and 5, the acid composition 43 is introduced at the

same time as the micro fractures 52 are formed.

[00086] Embodiments incluae many additional standard components or equipment

that enables and makes operable the described apparatus, process, method and system.

[00087] 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

[00088] Examples of specific embodiments facilitate a better understanding of

stimulation method. [n no way should the Examples limit or define the scope of the

invention.
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[00089] This method shows good results and the difference in contact area
between the initial acid penetration and the treatment zone with or without propagation

of shock waves is at least 500% greater.

[00090] FIG.9 describes an example of results wherein shock waves are first
propagated within a calcareous sandstone formation of porosity of 15%, permeability of

7.3-10.2 mD.

[00091) Prior propagating shock waves or acidizing (i.e. before November 8"), net
production of the wellbore was 0.5 t (3.5 BOPD). After shock waves propagation on a
treatment zone using the stimulating device according to the invention between
November 8" and December 10", net production increases up to 1.0t (7.3 BOPD). Then,
after acidizing the same treatment zone using the stimulating device according to the
invention between December 17" and January 6™, net production reaches 5.5t (40

BOPD).
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CLAIMS

1. A method for stimulating a treatment zone (3) near a wellbore (10) area in fiuid
connection with at least one porous zone (9) of a subterranéan formation (1), said
method comprising the steps of:

- generating (S1a; S2b; Slc) at least one electrical discharge in said wellbore (10) at a
distance from the at least one porous zone in order to propagate at least one shock wave
adapted to fracture said treatment zone (3); and

- introducing (S1b; S2a; Slc) a chemical agent within said treatment zone (3) for

increasing the permeability of said treatment zone (3).

2. The method according to claim 1, wherein the step of generating (S1a) an

electrical discharge is performed prior to the step of introducing (S2a) the chemical agent.

3. The method according to claim 1, wherein the step of introducing (S1b) a chemical

agent is performed prior to the step of generating (S2b) an electrical discharge.

4. The method according to claim 1, wherein the step of generating (Sic) an
electrical discharge and the step (S1c) of introducing a chemical agent are performed

simultaneously.

5. The method according to any one of claims 1 to 4, wherein the shock wave

propagates radially from the longitudinal axis of the wellbore (10) and/or the chemical

agent is introduced preferentially into the newly created fractures,

6. The method according to any one of claims 1 to 5, wherein the chemical agent is
any composition, which may improve hydrocarbon recovery when added to the wellbore

such as e.g. a composition comprising an acid, a miscible fiuid or a polymer.

7. The method according to claim 6, wherein the chemical agent is an acid
composition (43), which is introduced at a static pressure less than the fracture gradient

pressure value of the subterranean formation (1).
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8. The method according to claim 7, wherein the chemical agent is a composition
comprising an weak acid, which has a reaction rate with the mineral constituents of the
subterranean formation (1) that is lower than the rate of diffusion thought the

subterranean formation (1).

0. The method according to claim 8, wherein at least 50% of the acid introduced with
the acid composition (43) prevents reacting with the subterranean formation (1) until the

acid is diffused into the subterranean formation (1) by the propagation of the shock wave.

10. A stimulating device {20} for recovering hydrocarbons in a wellbore (10) from at
least one porous zone (9) of a subterranean formation (1), said device (20) comprisihg:

-a electrical discharge generating unit (30) configured for generating at least one
electrical discharge in said wellbore {10) at a distance from the at least one porous zone
(9) in order to propagate at least one shock wave adapted to fracture a treatment zone
(3) near a wellbore {10) area; and

- a chemical agent introducing unit (40) configured for introducing a chemical agent

within said treatment zone (3) for increasing the permeability of said treatment zone (3).

11.  The device according to claim 10, wherein the electrical discharge unit (30}
comprises a membrane (35} delimiting partially a chamber (36) which is at least partially

filled with a shock wave transmitting liquid (37).

12.  The device according to claim 11, wherein the membrane (35) is deformable in

order to conduct the shock wave into the formation (1).

13. The device according to any one of claims 10 to 12 whereih the electrical
discharge generating unit (30) and the chemical agent introducing unit {(40) are

configured to work simultaneously.

14. The device according to any one of claims 10 to 13, wherein the electrical
discharge generating unit (30) and the chemical agent introducing unit (40} are

configured to work in seguence.
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