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WAVE STIMULATION
Field
[0001] This patent specification generally relates to the field of wave stimulation in
subterranean rock formations. This patent specification relates more specifically to the

generation of vibrations in the formation using tools positioned within aborehole.

Background

[0002] Wave stimulation is aknown technique for enhancing oil recovery from oil-bearing
formations. For example, known techniques include generating shock waves by releasing a
compressed liquid or by fluidic oscillation within the borehole. Strong vibrations are known to
cause oil dropletsto coalesce and form larger bulbs of oil that can move and be produced. These
vibrations may aso change the wettability of the rock. These effects can help increase fluid
production from oil wells.

Summary
[0003] This summary is provided to introduce a selection of concepts that are further
described below in the detailed description. This summary isnot intended to identify key or
essential features of the claimed subject matter, nor intended to be used as an aid in limiting the
scope of the claimed subject matter.
[0004] According to some embodiments, a system is described for generating vibrationsin a
subterranean rock formation. The system includes: atool body adapted to be deployablein a
[0005] wellbore; atrand atable mass member mounted to the tool body such that the mass

member is able to tranglate along afirst direction towards an interior surface of the wellbore
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when the tool body is deployed in the wellbore; a contacting surface oriented to contact the
interior surface of awellbore (e.g. either the borehole wall or a casing); and an actuator
subsystem mounted within the tool body and fixed to the mass member and configured to
trandationally accelerate in said first direction towards the interior surface of the wellbore such
that the contacting surface imparts energy into the interior surface of the wellbore when the tool
body is deployed in the wellbore thereby generating vibrations within a subterranean rock
formation surrounding the wellbore so asto stimulate production from the formation.

[0006] According to some embodiments, the subterranean rock formation is hydrocarbon
bearing, and the flow of ahydrocarbon bearing fluid isimproved by the generated vibrations in
the formation, for example by facilitating coalescence of oil droplets into larger bulbs and/or
altering wettability of surfaces within the rock formation. According to some embodiments the
actuator subsystem uses one or more pistons to convert gas or hydraulic pressure into motion of
the mass member. According to some other embodiments an electric motor can be used in the
actuator subsystem.

[0007] According to some embodiments, the contacting surface is configured to strike the
interior surface of the wellbore and the contacting surface forms part of the translatable mass
member. According to some other embodiments, the contacting surface is on a contacting mass
member that is separate from the translatable mass member; and the translatable mass member
strikes the contacting mass member.

[0008] According to some embodiments, one or more anchoring members are moveably
mounted on the tool body so asto facilitate stable positioning of the tool body within the

wellbore when the mass member strikes the interior surface of the wellbore. The contacting
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surface of the mass member can have a curvature that is substantially the same to an expected
curvature of the interior surface of awellbore. According to some embodiments more than one
translatable mass member can be used which can be actuated simultaneously or in sequence.
According to some embodiments, the tool body can be configured for short-term application and
can be deployed in the wellbore via awireline cable, coiled tubing, or on adrilling bottom hole
assembly during adrilling process.

[0009] According to some embodiments amethod for generating vibrations in a
subterranean rock formation is described. The method includes: deploying atool body into a
wellbore at a depth within the subterranean rock formation; and linearly accelerating a mass
member from the tool body such that the mass member translates towards an interior surface of
the wellbore so asto cause a contacting surface to impart energy into the interior surface of the
wellbore, thereby generating vibrations within the subterranean rock formation

[0010] According to some embodiments where the tool body is configured for short-term
deployment the tool body can bere-positioned a second depth within the wellbore and the
accelerating of the mass member can berepeated so asto cause to strike the interior surface of
the wellbore a a second location, prior to retrieving the tool body from the wellbore to an above-
ground location.

[0011] According to some embodiments, the tool body is configured for long-term
deployment in the wellbore. In some cases the tool body is configured to be deployed prior to
insertion of production tubing within the wellbore, and in other cases the production tubing is

removed from the wellbore prior to deploying of the tool body, and the production tubing is
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reinstalled following deployment of the tool body. According to some embodiments, the tool
body is configured for long-term downhole deployment via a slim tool deployment technique.
[0012] According to some embodiments, an apparatus is described that can be used to
generate strong vibrations in the formation. In some embodiments, the apparatus translationally
accelerates amass using mechanisms built into the tool and causes the massto strike the
borehole wall. The mechanisms can control the mass acceleration, and the frequency of strikes.
In some embodiments, the apparatus is designed for use in the field of petroleum recovery where
the vibrations are used to create or re-establish aflow pass for the fluids in the formation.

[0013] Further features and advantages of the subject disclosure will become more readily
apparent from the following detailed description when taken in conjunction with the
accompanying drawings.

Brief Description of the Drawings

[0014] The subject disclosure is further described in the detailed description which follows,
in reference to the noted plurality of drawings by way of non-limiting examples of embodiments
of the subject disclosure, in which like reference numerals represent similar parts throughout the
several views of the drawings, and wherein:

[0015] FIG. lisadiagram illustrating an apparatus that uses an accelerating mass to strike
the borehole wall, thereby generating vibrations in the formation and achieving wave
stimulation, according to some embodiments,

[0016] FIGs. 2-1, 2-2 and 2-3 show cross sections of an apparatus for generating vibrations

for stimulation purposes, according to some embodiments;
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[0017] FIG. 3-1 shows an apparatus for generating vibrations in which air pressure is
converted in to mass motion, according to some embodiments,

[0018] FIG. 3-2 shows an apparatus for generating vibrations for stimulation purposes,
according to some other embodiments,

[0019] FIG. 4 isacross-section of an apparatus for generating vibrations for stimulation
purposes, according to some embodiments;

[0020] FIG. 5 shows an apparatus for generating vibrations in which an electric motor is
used to move amass for striking aborehole wall, according to some embodiments; and
[0021] FIG. 6 shows awellsite in which aborehole tool isbeing deployed for generating

vibrations in a subterranean formation for stimulation purposes, according to some embodiments.
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Detailed Description

[0022] The particulars shown herein are by way of example and for purposes of illustrative
discussion of the embodiments of the subject disclosure only, and are presented in the cause of
providing what isbelieved to be the most useful and readily understood description of the
principles and conceptual aspects of the subject disclosure. In this regard, no attempt ismade to
show structural details in more detail than isnecessary for the fundamental understanding of the
subject disclosure, the description taken with the drawings making apparent to those skilled in
the art how the several forms of the subject disclosure may be embodied in practice.
Furthermore, like reference numbers and designations in the various drawings indicate like
elements.

[0023] Asused herein, the terms acoustic wave or vibrations refer to the vibrations induced
into the subject formation and may be of frequencies generally referred to as seismic, sonic, or
ultrasonic. FIG. lisadiagram illustrating an apparatus that uses an accelerating mass to strike
the borehole wall, thereby generating acoustic waves in the formation and achieving wave
stimulation, according to some embodiments. Tool 124 is shown deployed in aborehole 110
formed within formation 100. A section of borehole wall 122 is shown where tool 124 is
disposed at aparticular depth. The tool 124 is equipped with amass 126 that can be projected
out of the tool body and strike the borehole wall 122. The tool 124 isaso equipped with one or
more anchors 128 and 130 to position the tool 124. According to some embodiments, the
accelerated mass 126 is apiece of metal projected from the downhole tool 124. The tool 124 has
acylindrical structure, and in some cases more than one mass may be projected from its surface

to strike the borehole wall 122.
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[0024] FIGs. 2-1, 2-2 and 2-3 show cross sections of an apparatus for generating acoustic
waves for stimulation purposes, according to some embodiments. Tool 124 is shown suspended
in borehole 110 having borehole wall 100. Inthe case of FIG. 2-1, when the mass 126 strikes the
borehole wall 122, the force associated with the mass 126 and its acceleration is partially
transferred to the formation 100 creating an acoustic wave traveling in the formation 100. The
area of the strike zone depends on the surface area of the mass 126 and the curvature of the mass
126 relative to that of the borehole wall 122. The shape of mass surface 126 may be chosen to
have substantially the same curvature asthe borehole wall 122 if maximum area of acoustic
excitation is desired.

[0025] When the areaisreduced the exerting force is concentrated in asmall area and can
generate higher-pressure waves in the formation 100. In an extreme case, when the mass surface
isreduced to apoint, such as shown by mass 127 in the example of FIG. 2-2, the borehole wall
122 can beindented or permanently damaged. The damage can lead to perforation or
microcracks in the rock structure for formation 100. According to some embodiments, both of
the cases (shown in FIG. 2-1 and FIG. 2-2) have useful applications in the field of oil well
production. FIG. 2-3 shows a case where the stimulation tool 124 isbeing deployed in aregion
of borehole 110 that is cased with a casing 210. In such embodiments, the mass 126 can strike
the casing 210 transmitting some of the vibrations to the formation 100 immediately behind the
casing 210. Some of the energy will aso be transmitted through the casing 210 and excite areas
of formation 100 above and below the strike point depth shown in FIG. 2-3.

[0026] According to some embodiments, the mechanism of projecting the mass towards the

borehole wall can use air (or other gas), liquid (hydraulic), or an electric motor. In the case
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where air isused, it isprovided from the earth surface according to some embodiments. FIG. 3-1
shows an apparatus for generating acoustic waves in which air pressure is converted in to mass
motion, according to some embodiments. In the embodiments of FIG. 3-1, acylinder 312 having
an inner cross sectional area=Al isequipped with apiston 310, and is located inside the tool 124.
An O-ring 332 ispositioned within a groove of piston 310 as shown to form a sea with the inner
wall of cylinder 310. The cylinder 310 isfilled with air to apressure P1. The piston 310is
compressed to increase the pressure inside the piston to apressure P2>=P1. Those skilled in the
art will recognize that this structure is a so-called accumulator. Depending on the available air
pressure there may or may not be aneed for the accumulator. Once the desired pressure P2 is
reached athree way valve 320 is opened to deliver the pressurized air to a second cylinder 314
having a second piston 316 with cross sectional area A2<A1l. Asin the case of piston 310,
piston 316 has an O-ring 334 for sealing. The rush of air into the second cylinder accelerates the
second piston to alinear motion. The second piston is directly or indirectly connected to the
mass 126, which isthen projected out of the tool body and strikes the borehole wall (not shown).
If the second piston 316 isnot directly connected to the mass 126, the piston 316 can be arranged
to strike the back of the mass 126, which isof interest in some applications.

[0027] Note that valve 320 can be used to reciprocate the mass for the next cycle. Asa
result, in this embodiment, valve 320 is an important component that controls the frequencies
achievable by the described apparatus.

[0028] According to some embodiments, the gas source is on the surface, and the gasis
supplied via a gas supply tube 308. When the source of compressed air (or other gas) is at the

surface, the tool can be made simpler than the case where the source is downhole. The
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drawback, however, isthat one has to have high pressure tube 308 running along the length of
the well. According to some embodiments, an alternative approach provides an air tank and a
pump within the tool. In this case, the gas supply tube 308 runs to another section of the tool
string where the tank and pump are positioned (not shown).

[0029] According to some embodiments, other fluids, such as hydraulic fluid for example,
can also beused for driving the piston and the mass, instead of air. In this case, asmall reservoir
of hydraulic fluid 330 isprovided in the tool and there isno need for high pressure tubing to run
along the length of the well, unless that is desired.

[0030] FIG. 3-2 shows an apparatus for generating vibrations for stimulation purposes,
according to some other embodiments. In this case the mass 328 is applied to the borehole wall
122 using springs 340 and 342, which are independent of the second piston 316. The second
piston 316 in this case is fixed to an intermediate mass 326. The piston 316 accelerates mass 326
to strike mass 328, thereby imparting energy into mass 328 to generate waves in formation 100.
The arrangement as shown in FIG. 3-2 has been found to help to stabilize the tool 124 within the
borehole.

[0031] It has been found that by linearly accelerating the moving mass (e.g. mass 126 or
mass 326) such that it tranglates towards the borehole wall, such as shown and described herein
can generate relatively large amplitude vibrations within the surrounding formation. The
amplitudes are significantly greater than can be generated by other techniques such as by rotating
or whirling amass in acircular motion or by bending or distorting amass such as by

piezoelectric bending actuators.
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[0032] FIG. 4 isacross-section of an apparatus for generating vibrations for stimulation
purposes, according to some embodiments. In the case shown in FIG. 4, symmetrically placed
pistons are used to drive masses in different directions. The driving can be done simultaneously
or in sequence. In the example of FIG. 4, four pistons are used, although other numbers of
pistons can be used according to other embodiments.

[0033] FIG. 4 isacross sectional view of the tool 404 at the level of cylinders 414, 424, 434
and 444. Cylinder 414 houses piston 416 that applies force to mass 418. An O-ring 412 sits
within a groove of piston 416 to form a seal with the cylinder 414. Similarly, cylinders 424, 434
and 444 house pistons 426, 436 and 446 respectively, which apply force to masses 428, 438 and
448 respectively. For clarity, the mechanism and the plumbing by which the pressurizing fluid is
connected to the pistons are not shown, but it issimilar or identical to that shown in FIG. 3-1,
according to some embodiments. Asthe pressurizing fluid enters the four cylinders 414, 424,
434 and 444, it pushes the pistons 416, 426, 436 and 446 outward which in turn causes masses
418, 428, 438 and 448 to accelerate and strike the borehole wall (in cases where the borehole is
uncased a the location of the tool) or strike the casing 210 (in cases where the borehole is cased
at the location of the toal).

[0034] FIG. 5 shows an apparatus for generating vibrations in which an electric motor is
used to move amass for striking aborehole wall, according to some embodiments. According to
some embodiments, a gearbox is used between the motor and the mass to control the velocity of
the mass and the amount of energy imparted to the formation. In the embodiment shown in FIG.
5, the tool 124 includes electric motor 542 that rotates the vertical shaft 544, which is connected

to the gear box 546. The gear box 546 in this case transforms the rotational motion of shaft 544

10
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to the trandational motion of mass 518 which in turn strikes the borehole wall and generates
acoustic vibrations in the formation.

[0035] FIG. 6 shows awellsite in which aborehole tool isbeing deployed for generating
vibrations in a subterranean formation for stimulation purposes, according to some embodiments.
Shown is a stimulation tool 124 being deployed in aborehole 110 formed within subterranean
rock formation 100. In the case shown in FIG. 6, the tool 124 isbeing deployed in borehole 110
via awireline 610 from wireline truck 620. However, according to some embodiments, the
mode of deploying the stimulation tool 124 depends on anumber of factors including the life of
the well and whether it ishorizontal or vertical well. The stimulation tool 124 can be deployed
using other technologies such as for example using coiled tubing, or during adrilling operation
on abottom hole assembly. According to some embodiments, as described hereinabove, an air
compressor 612 can be used and connected to the tool 124 via gas tube 308.

[0036] According to some embodiments, the tool 124 can be deployed for either short-term
application or long-term application. In an example of short-term application, the tool 124 is
deployed in the well 110 which hasjust been cased.. According to some embodiments, the
wellbore 110 in the region of interest of formation 100 can have open hole completion, where

there is direct access to the formation and the mass can strike the formation directly.

11
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[0037] According to some other embodiments, the wellbore 110 in the region of interest of
formation 100 can be cased with perforations. In this case the mass (or masses) of tool 124 can
strike the casing, which then transmits some of the vibrations to the formation immediately
behind the casing. Some of the energy will betransmitted through the pipe and excite areas
above and below the strike point.

[0038] In an example of along-term application, according to some embodiments, the tool
124 may be deployed before the production pipes are installed. In this case the connections to
the tool for power, control, and possibly compressed air can go through apipe. According to
other long-term application embodiments, the well 110 isalready completed and is producing,
then the production pipes are removed and tool 124 is deployed, followed by are-installation of
the production pipes. According to yet other long-term application embodiments, the well 110is
already completed and is producing, then depending on the inner diameter of the pipe, aslim
version of thetool 124 can be deployed.

[0039] Although only afew example embodiments have been described in detail above, those
skilled in the art will readily appreciate that many modifications are possible in the example
embodiments without materially departing from this invention. Accordingly, al such
modifications are intended to be included within the scope of this disclosure as defined in the
following claims. In the claims, means-plus-function clauses are intended to cover the structures
described herein as performing the recited function and not only structural equivalents, but also
equivaent structures. Thus, athough anail and a screw may not be structural equivalentsin that
anail employs acylindrical surface to secure wooden parts together, whereas a screw employs a

helical surface, in the environment of fastening wooden parts, anail and a screw may be

12
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equivalent structures. It isthe express intention of the applicant not to invoke 35 U.S.C. § 112,
paragraph 6 for any limitations of any of the claims herein, except for those in which the claim

expressly uses the words 'means for' together with an associated function.

13
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WHAT ISCLAIMED IS
1 A system for generating vibrations in a subterranean rock formation, the system
comprising:
atool body adapted to be deployable in awellbore;
atrandlatable mass member mounted to the tool body such that the mass member
is able to trandate along afirst direction towards an interior surface of the wellbore when
the tool body is deployed in the wellbore;
a contacting surface oriented to contact the interior surface of awellbore; and
an actuator subsystem mounted within the tool body and fixed to the mass
member and configured to trandlationally accelerate in said first direction towards the
interior surface of the wellbore such that the contacting surface imparts energy into the
interior surface of the wellbore when the tool body is deployed in the wellbore thereby
generating vibrations within a subterranean rock formation surrounding the wellbore so

asto stimulate production from the formation.

2. A system according to claim 1wherein the generated vibrations within the

formation facilitate stimulation of production from the formation.

3. A system according to claim 1wherein the contacting surface forms part of the

trandatable mass member, and the contacting surface strikes the interior surface of the wellbore.

14
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4. A system according to claim 1wherein the contacting surface is on a contacting
mass member that is separate from the translatable mass member; and the trans atable mass

member strikes the contacting mass member.

5. A system according to claim 4 wherein the contacting mass member isheld in
contact with the interior surface of the wellbore using one or more spring members, so facilitate

stabilizing of the tool body within the wellbore when deployed therein.

6. A system according to claim 1wherein the subterranean rock formationis a
hydrocarbon bearing rock formation and the flow of a hydrocarbon bearing fluid isimproved by

the generated vibrations in the formation.

7. A system according to claim 1wherein the actuator subsystem converts gas

pressure into motion of the mass member.

8. A system according to claim 7 wherein the actuator subsystem includes apiston

and avalve to convert gas pressure into motion of the mass member.

9. A system according to claim 8 further comprising a gas compressor a an above-

ground position and a gas supply tube in gas communication with the gas compressor and the

actuator subsystem.

15
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10. A system according to claim 8 further comprising a gas tank and gas pump within

the tool body, and being in gas communication with the piston in the actuator subsystem.

11. A system according to claim 8 wherein the actuator subsystem further includes an

accumulator for increasing gas pressure.

12. A system according to claim 7 wherein the gasis air.

13. A system according to claim 1wherein the actuator subsystem converts hydraulic

pressure into motion of the mass member.

14. A system according to claim 1wherein the actuator subsystem includes an electric

motor for converting electrical energy into motion of the mass member.

15. A system according to claim 1 further comprising one or more anchoring
members moveably mounted on the tool body so asto facilitate stable positioning of the tool

body within the wellbore when the mass member strikes the interior surface of the wellbore.

16. A system according to claim 1wherein the contacting surface of the mass

member has a curvature that is substantially the same to an expected curvature of the interior

surface of awellbore.

16



WO 2013/090488 PCT/US2012/069353

17. A system according to claim 1 further comprising a second translatable mass
member mounted within the tool body and having a contacting surface oriented with respect to
the tool body to strike a second interior surface of the wellbore when the tool body is deployed in

the wellbore.

18. A system according to claim 16 wherein the translatable mass and the second

tranglatable mass are mounted symmetrically about a central axis of the tool body.

19. A system according to claim 1wherein the tool body is configured to be deployed
in the wellbore using atechnique selected from a group consisting of: on awireline cable, via

coiled tubing, and on adrill pipe.

20. A system according to claim 1wherein the interior surface of the wellbore is of a

type selected from a group consisting of: aborehole wall surface and aborehole casing surface.

21. A method for generating vibrations in a subterranean rock formation, the method
comprising:
deploying atool body into awellbore a a depth within the subterranean rock
formation; and
linearly accelerating amass member from the tool body such that the mass

member tranglates towards an interior surface of the wellbore so asto cause a contacting

17
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surface to impart energy into the interior surface of the wellbore, thereby generating

vibrations within the subterranean rock formation.

22. A method according to claim 2 1 wherein the generated vibrations within the

formation stimulates fluid production from the formation.

23. A method according to claim 21 wherein the contacting surface forms part of the

mass member, and the contacting surface strikes the interior surface of the wellbore.

24. A method according to claim 2 1 wherein the contacting surface is on acontacting
mass member that is separate from the mass member, and the accelerated mass member strikes

the contacting mass member thereby imparting kinetic energy into the contacting mass member.

25. A method according to claim 2 1 wherein the subterranean rock formation isa
hydrocarbon bearing rock formation and the flow of a hydrocarbon bearing fluid isimproved by

the generated vibrations in the formation.

26. A method according to claim 25 wherein the vibrations facilitate coalescence of

oil dropletsinto larger bubbles and/or facilitate altering wettability of surfaceswithin the rock

formation thereby improving flow of the hydrocarbon bearing fluid.

18
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27. A method according to claim 2 1 wherein the tool body is configured for short-

term deployment in the wellbore.

28. A method according to claim 25 further comprising:

re-positioning the tool body to a second depth within the wellbore and repeating
the accelerating of the mass member so asto cause the contacting surface of the mass
member to strike the interior surface of the wellbore at a second location; and

retrieving the tool body from the wellbore to an above-ground location.

29. A method according to claim 2 1 wherein the tool body is configured for long-
term downhole deployment and wherein said deploying of the tool body occurs prior to insertion

of aproduction tubing within the wellbore.

30. A method according to claim 2 1 wherein the tool body is configured for long-
term downhole deployment and wherein production tubing is removed from the wellbore at said
depth prior to said deploying of the tool body, and the production tubing isreinstalled following

deployment of the tool body.

31 A method according to claim 2 1 wherein the tool body is configured for long-

term downhole deployment via a slim tool deployment technique.
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32. A method according to claim 21 further comprising linearly accelerating a second
mass member such that the second mass member trandlates towards a second interior surface of
the wellbore so as cause the second mass member to strike the second interior surface of the

wellbore.

33. A method according to claim 32 wherein said accelerating of the mass and the

second mass occur simultaneously.

34. A method according to claim 32 wherein said accelerating of the mass and the

second mass are offset by a predetermined time interval.
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