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FIG.1

(57) Abstract: The present disclosure generally relates to
a system and methods for breaking friction reducers in
subterranean formations in-situ during hydraulic fractur-
ing operations. A method of fracturing a subterranean
formation is disclosed, including providing a well treating
fluid, adding a friction reducer into a water phase of an
emulsion, adding a breaker into the water phase, and in-
jecting the well treating tluid into the subterranean forma-
tion at a pressure sufficient to fracture the subterranean
formation and invert the emulsion and double emulsion,
thereby allowing the breaker to break the friction reducer.
A friction reducer-breaker system for breaking a friction
reducer polymer in-situ is also disclosed, including an oil
phase, a water phase including friction reducer polymers
and breakers in double emulsion dispersed throughout the
water phase, wherein, the emulsion and double emulsion
are configured to invert under shear, thereby providing for
mixing between the friction reducer polymers and the
breakers.
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System and Methods for Breaking Friction Reducers In-situ

Background
[0001] This section is intended to introduce the reader to various aspects of art
that may be related to various aspects of the presently described embodiments.
This discussion is believed to be helpful in providing background information to
facilitate a better understanding of the present embodiments. Accordingly, it
should be understood that these statements are to be read in this light, and not as
admissions of prior art.
[0002] The present disclosure generally relates to a system and methods for
fracturing subterranean formations, and more specifically, to a system and
methods for breaking friction reducers in subterranean formations in-situ during
hydraulic fracturing operations.
[0003] It is common practice to treat a subterranean formation to increase the
permeability or conductivity of the formation. These procedures are identified
generally as fracturing operations. For example, it is a conventional practice to
hydraulically fracture a well in order to produce one or more cracks or
“fractures” in the surrounding formation by mechanical breakdown of the
formation.
[0004] Hydraulic fracturing may be carried out in wells which are completed in
subterranean formations for virtually any purpose. The usual candidates for
hydraulic fracturing, or other stimulation procedures, are production wells
completed in oil and/or gas containing formations. However, injection wells
used in secondary or tertiary recovery operations, for example, for the injection
of water or gas, may also be fractured in order to facilitate the injection of fluids
into such subterranean formations.
[0005] Hydraulic fracturing is accomplished by injecting a fracturing fluid into
the well and applying sufficient pressure on the fracturing fluid to cause the

formation to break down with the attendant production of one or more fractures.
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The fracture or fractures may be horizontal or vertical, with the latter usually
predominating, and with the tendency toward vertical fracture orientation
increasing with the depth of the formation being fractured. Typically, the
primary component of a fracturing fluid is water. In addition to water, a
fracturing fluid can contain one or more additives to facilitate formation
fracturing.

[0006] Usually a gel, an emulsion, or a foam, having a proppant such as sand or
other particulate material suspended therein, is carried in the fracturing fluid and
introduced into the fracture. The proppant is deposited in the fracture and
functions to hold the fracture open after the pressure is released and the
fracturing fluid flows back into the well. The fracturing fluid has a sufficiently
high viscosity to retain the proppant in suspension or at least to reduce the
tendency of the proppant to settle out of the fracturing fluid as the fracturing
fluid flows along the created fracture. Generally, a gelation agent and/or an
emulsifier is used to gel or emulsify the fracturing fluid to provide the high
viscosity needed to realize the maximum benefits from the fracturing process.
[0007] Practical and cost considerations for hydraulic fracturing operations
require the use of additives to reduce the required pumping pressure. This can
be accomplished by introducing additives that reduce the frictional drag of the
fracturing fluid against the well tubulars, which serve as a conduit for the fluid
into the formation. High-molecular weight, long-polymer chain polymers are
widely used as friction reducing additives, or “friction reducers,” to this end.
Non-limiting examples of such polymers are polyacrylamide-based polymers.
The long chain, high molecular weight polymers work by reducing the turbulent
flow regime in the fracturing fluid into laminar flow. Laminar flow results in
lower frictional drag and pressure buildup compared to turbulent flow. In this
way, these polymers reduce turbulence and backpressure from friction within

the well tubulars, thereby reducing pressure pump power demands.
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[0008] Other, non-limiting, categories of fracturing fluid additives include
biocides to prevent microorganism growth and to reduce biofouling of the
fractures, corrosion inhibitors to prevent corrosion of metal pipes, scale
inhibitors to prevent mineral scale formation as the fracturing fluid mixes with
formation water or after dissolving existing mineral salts in the reservoir, acids
to remove drilling mud damage within the near-wellbore area, crosslinking
agents to increase fluid viscosity to deliver proppant into the formation,
surfactants to reduce interfacial tension in the subterranean formation and to
promote more robust water recovery after hydraulic fracturing, and the like.
Any other additives well-known in the art and suitable for well treatment
purposes are also envisioned.

[0009] When using friction reducers in hydraulic fracturing operations, the
friction reducers tend to easily adsorb onto the subterranean formation. This can
present a number of challenges. For instance, the friction reducer may actually
plug some of the subterranean formation pore spaces, thereby decreasing
formation conductivity. Further, the friction reducer may hinder recovery of the
fluid used in the hydraulic fracturing operations. In addition, the friction reducer
can provide a source of nitrogen that may support the growth of bacteria in the
formation. Friction reducer that is not adsorbed, but that remains in solution in
recovered water, will also make disposal of that water more difficult once the
water is retrieved to the surface.

[0010] Accordingly, it is advantageous to break the friction reducer (e.g., by
breaking the polymer backbone) so that the friction reducer can be substantially
cleaned from the subterranean formation and returned to the surface.
Compositions used in this process to interact with the friction reducer may be
referred to in the art as “breakers.”

[0011] Generally, breakers and friction reducers are pumped down the wellbore
at the same trip. The most commonly used breakers for friction reducers are in

solid form and the solid breakers need to be well dispersed in the fracturing



CA 02999463 2018-03-21

WO 2017/074326 PCT/US2015/057651

fluid in order to breakdown the friction reducers completely. However, in most
cases this is challenging due to the concentration gradient of the breakers and
the requirement that the breakers must be uniformly distributed in the fracturing
fluid. Adding breakers into the fracturing fluid is a “two-stream” process.
Because more the one chemical is being added, another pipeline must be used in
the process so that the two chemicals may be pumped and mixed well. The
additional pipeline and mixing requires higher cost and a more complex
operation.

[0012] Accordingly, a system and method for breaking friction reducers during
hydraulic fracturing operations which reduces surface operation complexity and

increases formation permeability and conductivity is desired.

Brief Description of the Drawings

[0013] [1lustrative embodiments of the present disclosure are described in detail
below with reference to the attached drawing figure, which is incorporated by
reference herein and wherein:

[0014] FIG. lis a schematic illustration of a friction reducer-breaker double
emulsion system.

[0015] The illustrated figure is only exemplary and is not intended to assert or
imply any limitation with regard to the environment, design, or process in which

different embodiments may be implemented.

Detailed Description of Illustrative Embodiments

[0016] The following discussion is directed to various embodiments of the
present disclosure. The drawing figures are not necessarily to scale. Certain
features of the embodiments may be shown exaggerated in scale or in somewhat

schematic form and some details of conventional elements may not be shown in
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the interest of clarity and conciseness. Although one or more of these
embodiments may be preferred, the embodiments disclosed should not be
interpreted, or otherwise used, as limiting the scope of the disclosure, including
the claims. It is to be fully recognized that the different teachings of the
embodiments discussed below may be employed separately or in any suitable
combination to produce desired results. In addition, one skilled in the art will
understand that the following description has broad application, and the
discussion of any embodiment is meant only to be exemplary of that
embodiment, and not intended to intimate that the scope of the disclosure,
including the claims, is limited to that embodiment.

[0017] Certain terms are used throughout the following description and claims to
refer to particular features or components. As one skilled in the art will
appreciate, different persons may refer to the same feature or component by
different names. This document does not intend to distinguish between
components or features that differ in name but are the same structure or
function. The drawing figure is not necessarily to scale. Certain features and
components herein may be shown exaggerated in scale or in somewhat
schematic form and some details of conventional elements may not be shown in
interest of clarity and conciseness.

[0018] In the following discussion and in the claims, the terms “including” and
“comprising” are used in an open-ended fashion, and thus should be interpreted
to mean “including, but not limited to... .” The use of “top,” “bottom,” “above,”
“below,” and variations of these terms is made for convenience, but does not
require any particular orientation of the elements.

[0019] Reference throughout this specification to “one embodiment,” “an
embodiment,” or similar language means that a particular feature, structure, or
characteristic described in connection with the embodiment may be included in
at least one embodiment of the present disclosure. Thus, appearances of the

7 &y

phrases “in one embodiment,” “in an embodiment,” and similar language
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throughout this specification may, but do not necessarily, all refer to the same
embodiment.

[0020] The system and methods of this disclosure provide means for breaking
friction reducers used to decrease frictional losses occurring when pumping a
treating fluid, such as a fracturing fluid, into a subterranean formation. The
treating fluid may comprise water, either fresh water or water comprising salt.
The disclosed systems and methods reduce surface complexity (e.g., reducing
number of fluid streams which must be pumped down, decreasing footprint of
equipment required at surface) and increase breaking efficiency, leading to
increased formation permeability and conductivity.

[0021] Generally, a friction reducer-breaker system is disclosed in which the
friction reducer can be broken in-situ in the formation by a breaker in a double
emulsion. The friction reducer-breaker system can be dispersed throughout any
aqueous fracturing fluid generally known in the art. Unlike traditional methods,
the disclosed system provides a two-in-one friction reducer-breaker system to
reduce operational complexity and enhance formation permeability and
conductivity.

[0022] Referring now to FIG. 1, a schematic illustration of the disclosed friction
reducer-breaker system is shown. As illustrated, the system includes a friction
reducer polymer 104 in an emulsion comprising an oil phase 100 and a water
phase 102. The oil phase 100 comprises the system wall and water phase 102
comprises the interior of the system. The friction reducer polymer 104 is
distributed throughout the water phase of the emulsion. The friction reducer
polymer can be a high-molecular weight, long chain polymer, such as anionic
polyacrylamide-based polymers.

[0023] The breaker 106 can be introduced to the water phase 102 as
nanoparticles in a double emulsion. The breaker 106 nanoparticles are
introduced to the friction reducer emulsion prior to introduction into the

subterranean formation. The breaker 106 can be an instant breaker or a delayed



CA 02999463 2018-03-21

WO 2017/074326 PCT/US2015/057651

control breaker. Further, the breaker 106 can comprise enzymes, such as
hemicellulase on an inert substrate, oxidizers such as sodium persulfate, sodium
perborate, ammonium persulfate, sodium chlorite, and the like, organic acids or
salts, such as citric acid or a citrate, fumaric acid, liquids adsorbed on a solid
substrate, solid perborates, solid peroxides or other oxidizers, and/or mixtures of
two or more materials and the like.

The breaker 106 nanoparticle double emulsion can be made using known
techniques such as those, for example, disclosed in Lee, Yan-Sim, Johnson,
Philip, Robbins, Philip, Bridson, Rachel, “Production of Nanoparticles-in-
Microparticles by a Double Emulsion Method: A Comprehensive Study,”
European Journal of Pharmaceutics and Biopharmaceutics, 83 (2013): 168—
173. For instance, a nanoparticle double emulsion can be prepared by adding an
active breaker ingredient, such as those discussed above, to a solution
comprising a polyester, such as polycaprolactone, in acetone. This solution
comprises breaker loaded nanoparticles. The solution can then be emulsified in
a polyvinylacetate solution. The solution can then be stirred to solidify the
particles. After solidification, the particles can be collected by centrifugation
and the supernatant decanted off. The nanoparticles can then be resuspended in
polyvinylacetate solution to produce a slurry of wet nanoparticles. The slurry
can then be homogenized in polyvinyl acetate solution and then homogenized in
poly(lactic-co-glycolic acid) dissolved in a solvent. The primary emulsion can
then be added to the polyvinylacetate solution to form the double emulsion.

The double emulsion can then be added to a friction reduce solution to form a
friction reducer-breaker emulsion system according to the present disclosure.
Other techniques for preparing nanoparticle-in-microparticle (“NIM”) systems
are also envisioned.

[0024] In practice, the friction reducer may be present in an amount of from
about 0.25 to in excess of 10 gallons per 1000 gallons of fracturing fluid. The

breaker may be present in an amount of from about 0.1 to in excess of 10
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pounds per 1000 gallons of fracturing fluid. The precise concentrations of the
friction reducers and breakers will vary from well to well, and will depend upon
a number of factors including formation properties such as temperature and
pressure.

[0025] The breaker 106 is a double emulsion and will not come into contact with
the friction reducer polymer 104 until the emulsion is inverted. This ensures the
stability of the system. In practice, the emulsions are inverted in response to
shear. Shear capable of inverting the emulsions is achieved during pumping of
the fracturing fluid downhole via a pump, such as any pump known to those of
ordinary skill in the art, providing for the friction reducer polymers 104 and
breaker 106 to be released from the emulsions and mix homogenously.

[0026] To further illustrate the present disclosure, and not by way of limitation,
the following Examples are presented:

[0027] The treatment fluids of the present disclosure may be used in a variety of
subterranean treatments for which treatment fluids are suitable. Examples of
such treatments include, but are not limited to, drilling, completion, and
fracturing operations. The treatment fluid of the present disclosure may be
useful as a treatment fluid in any treatment operation that requires a friction
reducer.

[0028] In addition to the embodiments described above, many examples of
specific combinations are within the scope of the disclosure, some of which are
detailed below:

[0029] Example 1. A method of breaking a friction reducer polymer
comprising: providing a friction reducer-breaker system comprising the friction
reducer polymer in a water phase of an emulsion and a breaker in a double
emulsion within the water phase; pumping the friction reducer-breaker system
under pressure via a pump into a wellbore penetrating a subterranean formation,;
and inverting the emulsion and double emulsion so that the breaker interacts

with the friction reducer polymer to break the friction reducer polymer.
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[0030] Example 2. The method of Example 1, further comprising pumping the
broken friction reducer polymer out of the wellbore.

[0031] Example 3. The method of claim 1, wherein the friction reducer polymer
is a polyacrylamide-based polymer.

[0032] Example 4. The method of claim 1, wherein the breaker is at least one of
an instant breaker and a delayed breaker.

[0033] Example 5. The method of claim 1, wherein the breaker is at least one of
an oxidizer, an acid, and an enzyme.

[0034] Example 6. A method of fracturing a subterranean formation comprising:
providing a well treating fluid comprising water; adding a friction reducer in a
water phase of an emulsion to the treating fluid; adding a breaker in a double
emulsion into the water phase; and injecting the well treating fluid into the
subterranean formation at a pressure sufficient to fracture the subterranean
formation and invert the double emulsion, thereby allowing the breaker to break
the friction reducer.

[0035] Example 7. The method of claim 6, wherein the friction reducer is added
in an amount from about 0.25 to about 10 gal/1000 gal of water.

[0036] Example 8. The method of claim 6, wherein the breaker is added in an
amount from about 0.1 to about 10 1b/1000 gal of water.

[0037] Example 9. The method of claim 6, wherein the friction reducer polymer
is a polyacrylamide-based polymer.

[0038] Example 10.The method of claim 6, wherein the breaker is at least one of
an instant breaker and a delayed breaker.

[0039] Example 11.The method of claim 6, wherein the breaker is at least one of
an oxidizer, an acid, and an enzyme.

[0040] Example 12.The method of claim 6, wherein the water is fresh water.
[0041] Example 13.The method of claim 6, wherein the water is salt water.
[0042] Example 14.The method of claim 6 further comprising adding to the well

treating fluid other additives selected from the group consisting of biocides,
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corrosion inhibitors, scale inhibitors, acids, crosslinking agents, surfactants, and
mixtures thereof.

[0043] Example 15. A friction reducer-breaker system for breaking a friction
reducer polymer in-situ in a subterranean formation including an emulsion,
comprising: an oil phase; a water phase including friction reducer polymers and
breakers in double emulsion dispersed throughout the water phase, wherein, the
emulsion and double emulsion are configured to invert under shear, thereby
providing for mixing between the friction reducer polymers and the breakers.
[0044] Example 16.The system of claim 15, wherein shear is achieved by
pumping the friction reducer-breaker system under pressure via a pump into a
wellbore penetrating a subterranean formation.

[0045] Example 17.The system of claim 15, wherein the friction reducer
polymer is a polyacrylamide-based polymer.

[0046] Example 18.The system of claim 15, wherein the breaker is at least one
of an instant breaker and a delayed breaker.

[0047] Example 19.The system of claim 15, wherein the breaker is at least one
of an oxidizer, an acid, and an enzyme.

[0048] Example 20. The system of claim 15, wherein the breaker is at least one
of an hemicellulase enzyme, sodium persulfate, sodium perborate, ammonium
persulfate, sodium chlorite, citric acid, citrate, fumaric acid, perborates,
peroxides, or any mixture thereof.

[0049] While the aspects of the present disclosure may be susceptible to various
modifications and alternative forms, specific embodiments have been shown by
way of example in the drawings and have been described in detail herein. But it
should be understood that the disclosure is not intended to be limited to the
particular forms disclosed. Rather, the disclosure is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the disclosure

as defined by the following appended claims.
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CLAIMS

We claim:

1. A method of breaking a friction reducer polymer comprising:
providing a treatment fluid comprising an aqueous base fluid and a
friction reducer-breaker system, wherein the friction-reducer
breaker system comprises an emulsion comprising;:
(a) a first o1l phase,
(b)a first water phase within the first oil phase,
(c) a second oil phase within the first water phase, and
(d)a second water phase within the second oil phase, wherein the
friction reducer polymer is in the first water phase and a breaker
is in the second water phase; and
pumping the treatment fluid under pressure via a pump into a wellbore to
increase shear above a threshold value to invert the emulsion so
that the breaker interacts with the friction reducer polymer to break

the friction reducer polymer.

2. The method of claim 1, further comprising pumping the broken friction

reducer polymer out of the wellbore.

3. The method of claim 1 or 2, wherein the friction reducer polymer comprises a

polyacrylamide-based polymer.

4. The method of any one of claims 1 to 3, wherein the breaker comprises at

least one of an instant breaker and a delayed breaker.

5. The method of any one of claims 1 to 4, wherein the breaker comprises at

least one of an oxidizer, an acid, and an enzyme.

CA 2999463 2019-06-07 n



6. A method of fracturing a subterranean formation comprising;:

providing a well treating fluid comprising water;

adding a friction reducer in a water phase of an emulsion to the treating
fluid;

adding a breaker in a double emulsion into the water phase; and

injecting the well treating fluid into the subterranean formation at a
pressure sufficient to fracture the subterranean formation and invert
the emulsion and double emulsion, thereby allowing the breaker to

break the friction reducer.

7. The method of claim 6, wherein adding the friction reducer further comprises
adding the friction reducer in an amount from about 0.25 to about 10 gal/1000

gal of the water.

8. The method of claim 6 or 7, wherein the breaker is added in an amount from

about 0.1 to about 10 1b/1000 gal of the water.

9. The method of any one of claims 6 to 8, wherein the friction reducer

comprises a polyacrylamide-based polymer.

10. The method of any one of claims 6 to 9, wherein the breaker comprises at

least one of an instant breaker and a delayed breaker.

11. The method of any one of claims 6 to 10, wherein the breaker comprises at

least one of an oxidizer, an acid, and an enzyme.

12. The method of any one of claims 6 to 11, wherein the water is fresh water.

CA 2999463 2019-06-07 12



13. The method of any one of claims 6 to 11, wherein the water comprises salt

in a concentration of at least 0.01 gal per 1000 gallons of the water.

14. The method of any one of claims 6 to 13 further comprising adding to the
well treating fluid at least one or mixtures of a biocide, a corrosion inhibitor, a

scale inhibitor, an acid, a crosslinking agent, and a surfactant.

15. A friction reducer-breaker system for breaking a friction reducer polymer
in-situ in a subterranean formation including an emulsion, comprising;:
an oil phase;
a water phase including friction reducer polymers and breakers in a
double emulsion dispersed throughout the water phase; and
wherein the emulsion and double emulsion are configured to invert under
shear, thereby providing for mixing between the friction reducer

polymers and the breakers.

16. The system of claim 15, wherein shear is achievable by pumping the friction
reducer-breaker system under pressure via a pump into a wellbore penetrating a

subterranean formation.

17. The system of claim 15 or 16, wherein the friction reducer polymers

comprise a polyacrylamide-based polymer.

18. The system of any one of claims 15 to 17, wherein the breakers comprise at

least one of an instant breaker and a delayed breaker.

19. The system of any one of claims 15 to 18, wherein the breakers comprise at

least one of an oxidizer, an acid, and an enzyme.

CA 2999463 2019-06-07 13



20. The system of any one of claims 15 to 18, wherein the breakers comprise at
least one of an hemicellulase enzyme, sodium persulfate, sodium perborate,
ammonium persulfate, sodium chlorite, citric acid, citrate, fumaric acid,

perborates, peroxides, or any mixture thereof.

21. A method of fracturing a subterranean formation comprising;:

providing a well treating fluid comprising water and a friction reducer-
breaker system, wherein the friction-reducer breaker system
comprises an emulsion comprising;:
(a) a first oil phase in the water,
(b) a first water phase within the first oil phase,
(¢) a second oil phase within the first water phase, and
(d) a second water phase within the second oil phase;

adding a friction reducer in the first water phase;

adding a breaker in the second water phase; and

injecting the well treating fluid into the subterranean formation at a
pressure sufficient to fracture the subterranean formation and to
produce a shear force above a threshold value to invert the
emulsion, thereby allowing the breaker to break the friction

reducer.

22. The method of claim 21, wherein adding the friction reducer further
comprises adding the friction reducer in an amount from about 0.25 to about 10

gal/1000 gal of the water.

23. The method of claim 21 or 22, wherein the breaker is added in an amount

from about 0.1 to about 10 1b/1000 gal of the water.

CA 2999463 2019-06-07 i4



24. The method of any one of claims 21 to 23, wherein the friction reducer

comprises a polyacrylamide-based polymer.

25. The method of any one of claims 21 to 24, wherein the breaker comprises at

least one of an instant breaker and a delayed breaker.

26. The method of any one of claims 21 to 25, wherein the breaker comprises at

least one of an oxidizer, an acid, and an enzyme.

27. The method of any one of claims 21 to 26, wherein the water is fresh water.

28. The method of any one of claims 21 to 26, wherein the water comprises salt

in a concentration of at least 0.01 gal per 1000 gallons of the water.

29. The method of any one of claims 21 to 28 further comprising adding to the
well treating fluid at least one or mixtures of a biocide, a corrosion inhibitor, a

scale inhibitor, an acid, a crosslinking agent, and a surfactant.

30. A friction reducer-breaker system for breaking a friction reducer polymer
in-situ in a subterranean formation including an emulsion within an aqueous
phase base fluid, the emulsion comprising:

a first oil phase within the aqueous phase base fluid,;

a first water phase within the first oil phase and including friction reducer

polymers;
a second oil phase within the first water phase;
a second water phase within the second oil phase as a double emulsion

and including breakers; and
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wherein the emulsion and double emulsion are configured to invert under
a threshold amount of shear, thereby providing for mixing between

the friction reducer polymers and the breakers.

31. The system of claim 30, wherein the shear is achievable by pumping the
friction reducer-breaker system under pressure via a pump into a wellbore

penetrating a subterranean formation.

32. The system of claim 30 or 31, wherein the friction reducer polymers

comprise a polyacrylamide-based polymer.

33. The system of any one of claims 30 to 32, wherein the breakers comprise at

least one of an instant breaker and a delayed breaker.

34. The system of any one of claims 30 to 33, wherein the breakers comprise at

least one of an oxidizer, an acid, and an enzyme.

35. The system of any one of claims 30 to 33, wherein the breakers comprise at
least one of an hemicellulase enzyme, sodium persulfate, sodium perborate,
ammonium persulfate, sodium chlorite, citric acid, citrate, fumaric acid,

perborates, peroxides, or any mixture thereof.
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