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ing various fluids, in particular for producing fluid from the hydrocar-
i bon-bearing formation using hydraulic fracturing. The solution provides
E a method for hydraulic fracturing that comprises injecting a proppant-free
fluid through a well into a formation to create and propagate a fracture;
preparing a fracturing fluid by mixing at least water, proppant and at least
the first polymer additive and the second polymer additive to produce
flocculated proppant particles; injecting the fracturing fluid containing
prepared flocculated proppant particles into the formation; and injecting
a displacement fluid into the well. The provided method ensures placing
a proppant in sufficient concentrations at a distance from the wellbore
and achieving high vertical propagation of proppant across the complex
fracture network.
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THE METHOD OF HYDRAULIC FRACTURING WITH LOW VISCOSITY
FLUID CONTAINING PROPPANT AGGREGATES WITH

POLYELECTROLYTE COMPLEXES

5 CROSS REFERENCE PARAGRAPH

This application claims the benefit of Russian Federation Application No.
2023112555, entitled "THE METHOD OF HYDRAULIC FRACTURING WITH LOW
VISCOSITY FLUID CONTAINING PROPPANT AGGREGATES WITH
POLYELECTROLYTE COMPLEXES" filed May 15, 2023, the disclosure of which is

10  hereby incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to hydrocarbon production, in particular, to a method
for hydraulic fracturing using a low-viscosity fluid containing polyelectrolyte complex-

based proppant aggregates.

15 INTRODUCTION

Hydraulic fracturing is widely used for stimulating the inflow of oil, gas, and

water into a well and involves fracturing a subterranean formation by injecting fluid with

a pressure higher than the fracturing pressure of the formation. Along with the fluid,

a proppant is also placed in the fracture to prevent it from closing once the pressure is

20  relieved at the end of the stimulation treatment. Different carrier fluids can be used to

transport proppant from the surface to the fracture depth.

Hereinafter, the terms “sand” and “proppant” are intended to mean any type of
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propping agents placed inside a fracture to keep it from closing when the pressure is

relieved.

Tight formations, such as shale or tight sandstone, are usually treated with low-
viscosity fluids (e.g., slickwater). Low-viscosity fluids are believed to create a complex
fracture network inside tight formations, thus improving a flow rate of reservoir fluids,
such as oil, gas, or water. However, using low-viscosity fluids for hydraulic fracturing
entails issues related to prevention of sand/proppant settling, especially when dealing with
long fracture shut-in time. To overcome these problems, high volumetric flow rate fluid
injection and proppant with small particle size (100 and 40/70 mesh) are commonly used.
Despite all these additional restrictions, it is still challenging to place proppant in
sufficient concentrations in a fracture at a distance from the wellbore and ensure adequate
vertical coverage. The secondary and tertiary fractures are often left unpropped resulting

in not fully maximized well production rate.

A propping agent maintains a gap between the fracture walls to create conductive
channels within a formation. Heterogeneous placement of proppant further increases

conductivity of a formation and fluid yield.

Tight formations, such as shale or tight sandstone, can be treated with low-
viscosity fluids, such as slickwater. “Slickwater”, also called “slick water”, is a water-
based hydraulic fracturing fluid supplemented with a friction reducer which is usually a
high-molecular chemical or a polymer. In practice, polyacrylamide is often used to make
slickwater by adding to water to reduce friction and increase the velocity of fluid injection
into a well for hydraulic fracturing of tight formations. During treatment with low-

viscosity hydraulic fracturing fluid, sedimentation of the propping agent normally occurs
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at an intense rate, especially when dealing with long fracture closure time, which reduces
the reservoir fluid production. Additionally, it is still challenging to place propping agent
in deep fractures and ensure high vertical coverage within the formation when handling

tight formations.

PRIOR ART

There are solutions known in the art that are based on making use of low-viscosity

fluids for hydraulic fracturing.

For example, solution W02017078560A1 provides a method for hydraulic
fracturing that includes a sequence of steps: injecting a slug of a proppant-free fluid
through a well, into a formation, to create and propagate a fracture; injecting a slug of
proppant-laden slurry into the formation to form a proppant pack in the fracture; injecting
a slug of slurry comprising a fluid and polyelectrolyte complex-based proppant
aggregates into the formation to form permeable channels in the near wellbore zone of
the fracture; and injecting a slug of a displacement fluid into the well. This workflow
allows avoiding the proppant slurry overdisplacement deep into the hydraulic fracture,
maintaining high fracture conductivity, and increasing the well productivity. However,
this solution is not focused on placing proppant in sufficient concentrations in a fracture
at a distance from the wellbore and ensuring high vertical propagation of proppant across
a complex fracture network. This solution is focused on placing proppant pack in the near
wellbore zone to prevent overdisplacement of proppant from the near wellbore zone after

clean-up.

Also, solution US10961832B2 provides methods for treatment of subterranean

formation with polymeric structures generated inside the formation. This document
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discloses the methods for subterranean formation treatment that include placing a
treatment fluid in the subterranean formation, wherein the treatment fluid contains one or
more polymers capable of consolidating to form a polymeric structure in the bottom hole
or in the near wellbore zone. It also discloses treatment fluids that comprise a polymeric
structure optimized for subterranean formation treatment. However, this solution is not
focused on placing proppant in sufficient concentrations in a fracture at a distance from
the wellbore and ensuring high vertical propagation of proppant across a complex fracture
network. This solution involves formation of agglomerates in the bottom hole by
activating the component in situ under the effect of high shear stress created in the course

of injection.

Solution US20150060072A1 also discloses the methods for subterranean
formation treatment that include placing a treatment fluid in the subterranean formation,
wherein the treatment fluid contains a solid agent and one or more polymers capable of
consolidating to form a polymeric structure in the bottom hole or in the near wellbore
zone. However, this solution is not focused on placing proppant in sufficient
concentrations in a fracture at a distance from the wellbore and ensuring high vertical
propagation of proppant across a complex fracture network. Additionally, this solution
involves formation of agglomerates in the bottom hole area after completion of

perforation.

Solution US20160040059A1 provides a method for heterogeneous placement of
proppant in fractures by aggregation of fine particles of proppant or other materials, such
as fibers, in subterranean formation fractures. A polymer is injected into the subterranean

formation, following which it undergoes a chemical reaction, such as hydrolysis, under
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downhole conditions, which leads to formation of either cationic or anionic
polyelectrolytes. In an alternative embodiment, the polyelectrolyte is formed directly
inside the well, e.g., as a product of the Hofmann degradation or the Mannich reaction.
The polyelectrolyte acts as a flocculant and facilitates aggregation of solid particles, such
as sand, mica, silica flour, ceramic particles, and the like, which leads to formation of
microaggregates containing proppant particles deep in the fracture. Methods for
aggregation of fibers to enhance bridging and other applications of controlled flocculation

are also provided.

However, this solution is not focused on placing proppant in sufficient
concentrations in a fracture at a distance from the wellbore and ensuring high vertical

propagation of proppant across a complex fracture network.

Therefore, the prior art requires the creation of a mechanism for application of
low-viscosity fluids for placement of proppant in sufficient concentrations in a fracture at
a distance from the wellbore and ensuring high vertical propagation of proppant across

the complex fracture network.

SUMMARY OF THE INVENTION

The claimed invention provides a method for hydraulic fracturing that involves
injecting a proppant-free fluid through a well, into a formation, to create and propagate a
fracture; preparing a fracturing fluid by mixing at least water, proppant and at least the
first polymer additive, and the second polymer additive to obtain flocculated proppant
particles; injecting the fracturing fluid containing the flocculated proppant particles into

the formation; and injecting a displacement fluid into the well.
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BRIEF DESCRIPTION OF DRAWINGS

Further, embodiments of the claimed invention are described in more details by

means of drawings, wherein:

Fig. 1 shows proppant distribution in a fracture during conventional hydraulic

5  fracturing operation using slickwater.

Fig. 2 shows proppant distribution in a fracture during hydraulic fracturing
operation using proppant aggregates based on polyelectrolyte complex disclosed in the

present invention.

Fig. 3 shows PEC that binds the proppant particles together. PEC is formed from

10  oppositely charged polymers.

Fig. 4 shows proppant aggregates between the walls of a fracture.

Fig. 5 shows laboratory setup for conducting the experiment.

Fig. 6a and Fig. 6b show schematic representation of the experiment results
(increased height of the proppant bank). Fig. 6. Height of the proppant bank with regular

15  slickwater (Fig. 6a) and with PEC agglomerates (Fig. 6b).

Figs. 7a and 7b show schematic representation of results of the experiment
conducted using regular slickwater (Fig. 7a) and PEC agglomerates in salt water

(Fig. 7b).

Fig. 8a and Fig 8b show that enhanced vertical fracture coverage with

20  polyelectrolyte complex-based proppant aggregates remains stable for several hours.
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Fig. 9a and Fig. 9b show simulation of proppant pack distribution in a fracture for
a fluid based on conventional slickwater and for polyelectrolyte complex-based proppant

aggregates.

Fig. 10a and Fig. 10b show comparison of regular proppant and “loose”

flocculated particles in a proppant aggregate pack based on the polyelectrolyte complex.

DESCRIPTION OF EMBODIMENTS

The claimed invention provides a method for hydraulic fracturing that involves
injecting a proppant-free fluid through a well, into a formation, to create and propagate a
fracture; preparing a fracturing fluid by mixing at least water, proppant and at least the
first polymer additive, and the second polymer additive to obtain flocculated proppant
particles; injecting the fracturing fluid containing the flocculated proppant particles into

the formation; and injecting a displacement fluid into the well.

Hydraulic fracturing is widely used for well stimulation. This technology involves
injecting a fluid into the subterranean formation under a high pressure, which exceeds the
rock fracturing pressure, in order to form fractures. To prevent fractures from closing
when the pressure is relieved after completion of the well treatment, proppant is injected

into the subterranean formation.

In many cases, operators perform multistage hydraulic fracturing (a well-known
practice for inclined and horizontal wells) which considerably increases the permeability
of the zone around the well. Each stage of this process is a complete hydraulic fracturing
job. Hydraulic fracturing comprises creating and propagating a formation fracture and

injecting proppant (propping agent) to create a highly conductive proppant pack through
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which production fluids flow into the well. In so-called multistage hydraulic fracturing,
fracture intervals are separated by mechanical isolation devices (such as isolation packer

plugs) or chemical diverters.

Hydraulic fracturing is a standard practice for increasing the productivity of oil
and gas wells. In low-permeability formations, such technologies as hydraulic fracturing
using slickwater or hybrid hydraulic fracturing are commonly used. Low-viscosity fluids
make it possible to create more narrow and long fractures forming a complex fracture
network, which is more economically effective for the well productivity. However, due
to low viscosity of the carrier fluid, premature settling of proppant tends to occur, which
may cause poor vertical placement of proppant and possible plugging during treatment.
Poor vertical placement of proppant leads to healing of unpropped part of the fracture

after closure, thus reducing its productivity.

The present invention relates to hydraulic fracturing of any type of formation
using slickwater and focuses on improving the consolidation of proppant particles inside
a fracture and enhancing the vertical coverage. Fig. 1 illustrates distribution of proppant
in a fracture during conventional hydraulic fracturing operation using slickwater. Fig. 2
shows proppant distribution in a fracture during hydraulic fracturing operation using

proppant aggregates based on polyelectrolyte complex disclosed in the present invention.

Proppant aggregates disclosed in the present invention are characterized by
enhanced transport performance and minimum settling, which contributes to improved
vertical proppant placement and increased productivity compared to hydraulic fracturing

methods where conventional low-viscosity fluids are used.

Methods for use of proppant aggregates (or proppant agglomerates) are described
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in information sources published before the date of this application submission.

More specifically, previously published Application US2012068584
(Hydrocarbon-based fluid composition and method of using same) discloses the
formation of agglomerates in the fracturing fluid which is based on hydrocarbons (e.g.,
oil or diesel) and includes a small (up to 5%) amount of water. Water has a “physical
glue” effect on the proppant particles, binding them together. This reduces the proppant
flowback in its bound form. However, in actual practice, hydraulic fracturing with a
hydrophobic (oily) liquid as a carrier fluid is rarely used in the oil production industry. In
addition, such agglomerates have low mechanical strength, which hinders the transport

of the required amount of proppant.

Application W0O2015/076693 (Controlled inhomogeneous proppant aggregate
formation, published on May 25, 2015) discloses a method for improving the fluid flow
into the fracture that comprises making a slurry from a proppant, light particles, and a
carrier fluid. The carrier fluid can act as a binding medium that facilitates the formation
of agglomerates from proppant particles and light particles. The slurry is injected into a
formation, and agglomeration of the proppant and/or light particles is induced. More
specifically, the binding fluid is formed when a cationic polyelectrolyte (or its precursor)
reacts with an anionic polyelectrolyte (or its precursor), which leads to the formation of
solid particle aggregates (from proppant and light particles) due to the formation of the
polyelectrolyte complex (PEC). Formed PEC clusters retain proppant particles and other
particles within their volumes. Consolidation of proppant structures reduces proppant
flowback from a treated formation. Due to low specific weight of the formed PEC-based

aggregates (compared to the specific weight of the proppant), the proppant settling in the
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course of hydraulic fracturing is reduced, and enhanced rate of proppant transport into the

fracture is provided.

The composition and the methods for production of polymer composites
containing particles of a solid agent (proppant or fibers) are disclosed in Patent
Application US20150060072 (published on March 5, 2015). In an embodiment of the
disclosure, a solid agent (proppant) is coated with a layer of polyanions, and then the
polymer-coated proppant is added to the solution of an oppositely charged polyelectrolyte
(e.g., hydrated carboxymethyl cellulose (CMC) gel). Active mixing of two polymers
leads to formation of elongated polymeric structures due to formation of PEC around the
proppant particles. Such approach is used for production of polymeric fluid-based
“fibrous composites” inside a formation by the consolidation of the dissolved polymers
which is initiated by the shear stress applied to the polymeric fluid. Such fibrous
composite polymer structures are used as fibrous additives in formation treatment fluids
used in the oil and gas industry (the list of options comprises additives for reducing water
loss, water isolation compositions, fracturing fluids, drilling fluids, bridging

compositions, etc.).

The key terms “polyelectrolyte”, “polyelectrolyte complex (PEC)”, and
“polyelectrolyte complex-based aggregate” hereinafter have the meanings as defined in
patent document WO2015/076693. “Polyelectrolyte” is a polymer consisting of
macromolecules, in which a considerable part of their repeating units includes ionized or
ionizable groups. “Polyelectrolyte complex” is substantially neutral or near-neutral
polymer-polymer complex composed of macromolecules carrying opposite charges

causing the macromolecules to be bound together by electrostatic interactions, as defined

10
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in the International Union of Pure and Applied Chemistry (IUPAC) Recommendations
[Pure Appl. Chem., Vol. 78, No. 11, pp. 20672074, 2006. [IUPAC Recommendations
2006]. Cationic polyelectrolytes are also called “polybases”, and anionic polyelectrolytes
are called “polyacids”. The fact that after cross-linking the polymeric gel forms one phase,
and consolidation of polymers in a polyelectrolyte complex forms two separate phases,
i.e. dense polymer-polymer complex clusters and low-viscosity fluid with a residual
concentration of initial polyelectrolytes, is one of the external features that distinguish
polyelectrolyte complexes from polyelectrolyte-based cross-linked gel. Aggregates
(clusters) of polyelectrolyte complexes also tend to adhere to solid particles. In other
words, a polymer-polymer complex can serve as an “consolidating agent” or a “binding

agent” for solid particles in formation treatment fluids.

In the literature, the products of interactions between a water-soluble charged
polyelectrolyte (polycationic or polyanionic) and an oppositely charged surface active
compound (surfactant) are also classified as polyelectrolyte complexes. When interacting
with a macromolecule, charged surfactant groups neutralize the oppositely charged
groups of the polyelectrolyte macromolecule (a neutralizing surfactant coat forms around
the charged polymer molecule), which leads to the formation of a neutral complex (PEC).
Examples of such compositions in the polymer-surfactant form can be found in Patent

Application US2015060072.

In the present invention, the method for production of the “proppant agglomerate”
is based on the flocculation mechanism which enables the capture of solid proppant
particles by a polyelectrolyte complex that consists of a mixture of polyelectrolytes,

resulting in the formation of loose aggregates of flocculated proppant particles. In the

11
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literature, the term “flocculation” refers to a process in which fine particles suspended in
liquid or gas medium form loose flake-like agglomerations, i.e. floccules. Flocculation
can occur using both individual flocculation agents and, for example, mixtures of
oppositely charged polyelectrolytes that form polyelectrolyte complexes when
interacting. N. Smirnova, M. Savelyeva. Using polyelectrolyte complexes for removal of
suspended particles in water treatment and water purification processes. Russian ecology
and industry. 2020, vol. 24(5), pp. 46—50. Formation of flocculated proppant particles is
accomplished by preparing a proppant slurry in aqueous solution of one of the
polyelectrolytes, followed by adding the second polyelectrolyte or its aqueous solution,
while mixing vigorously. Typically, the reaction of interaction between the two
oppositely charged polyelectrolytes runs at a fast rate, and mixing is required to ensure
uniform distribution of components in the mixture and to prevent local interaction
between polyelectrolytes without the capture of the proppant. Moreover, mixing can
contribute to breaking initially formed large formations with weak polymer-polymer
bonds into smaller (normally 2—3 mm) formations with the subsequent increase in density
of bonds between oppositely charged polyelectrolytes due to restructuring and
reconfiguration of polymer chains caused by mechanical impact. Eventually, stable
formations are formed, consisting of proppant flocculated by the polyelectrolyte
complex—flocculated proppant particles with the maximum size of up to 5 mm, in
particular case of 2-3 mm. Fig. 3 shows PEC that binds the proppant particles together.

PEC is formed from oppositely charged polymers.

In the present invention, a water-soluble cationic polyelectrolyte and a water-
soluble cationic surfactant are used as positively charged polymers. In this case, the water-

soluble cationic polyelectrolyte comprises, but is not limited to, cationic copolymers of

12
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polyacrylamide, poly(diallyldimethylammonium)chloride (DADMAC),
polyethyleneimine (PEI), branched polyethyleneimine (PEI), poly(4-vinyl-1-
methylpyridinium)bromide, P(BrVMP),  poly(diallyldimethylammonium)chloride,

P(CIDDA), or a combination thereof.

A water-soluble anionic polyelectrolyte and a water-soluble anionic surfactant are
used as negatively charged polymers. In this case, the water-soluble anionic
polyelectrolyte comprises, but is not limited to, polyacrylamides, polyacrylates,
poly(methacrylic acid), sodium polystyrene sulfonate, carboxymethyl cellulose (CMC),

or a combination thereof.

In an embodiment, in order to produce flocculated proppant particles, a mixture
of proppant and a water-soluble cationic polyelectrolyte is prepared first, followed by

adding a water-soluble anionic polyelectrolyte into the mixture.

In another embodiment, in order to produce flocculated proppant particles, a
mixture of proppant and a water-soluble anionic polyelectrolyte is prepared first, followed

by adding a water-soluble cationic polyelectrolyte into the mixture.

In another embodiment, in order to produce flocculated proppant particles, a
mixture of proppant and a water-soluble cationic polyelectrolyte is prepared first,

followed by adding a water-soluble anionic surfactant into the mixture.

In another embodiment, in order to produce flocculated proppant particles, a
mixture of proppant and a water-soluble anionic surfactant is prepared first, followed by
adding a water-soluble cationic polyelectrolyte into the mixture.

In another embodiment, in order to produce flocculated proppant particles, a

13
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mixture of proppant and a water-soluble anionic polyelectrolyte is prepared first, followed

by adding a water-soluble cationic surfactant into the mixture.

In another embodiment, in order to produce flocculated proppant particles, a
mixture of proppant and a water-soluble cationic surfactant is prepared first, followed by

adding a water-soluble anionic polyelectrolyte into the mixture.

In an embodiment of the method disclosed, the fluid containing the proppant
aggregates may further comprise some additives known in the art (and/or combinations
thereof) which are used as components of fracturing fluids, for example, an oxidizing
agent acting as a breaker, a microbiocide, a clay stabilizer, a scale inhibitor, fibers, a

corrosion inhibitor, a pH control agent, etc.

To achieve the technical effect of the present invention, it is essential to select
optimum concentrations for both polyelectrolytes, as excessive amounts of the chemical
agents will cause strong agglomeration in the form of large, high-viscous, poorly
injectable formations of proppant with polyelectrolyte complex. At the same time, it is
essential to ensure adequate viscosity of the fluid carrying the flocculated proppant into
the fracture. In an embodiment of the present invention, one of the polyelectrolytes also
acts as the gelling agent that ensures the desired viscosity of the fracturing fluid; it is
added in stoichiometric excess to the second polyelectrolyte. Therefore, after formation
of the flocculated proppant based on the polyelectrolyte complex, the first polymer is still
not completely consumed, and the fracturing fluid still remains sufficiently viscous to

keep on carrying the flocculated proppant.

Thus, no large, high-viscous, poorly injectable formations of proppant with

polyelectrolyte complex are formed, and flocculated proppant particles with the

14
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maximum size of up to S mm, in particular case of 2-3 mm, are formed alone. As a result,
once the fracturing fluid that contains such flocculated proppant particles is injected, a
loose proppant pack is formed in the fracture. Fig. 10a and Fig. 10b show the comparison
of regular proppant (Fig. 10b) and “loose” flocculated particles in a proppant aggregate
pack based on the polyelectrolyte complex (Fig. 10a). In this non-limiting example,
0.4 g/l of the base polymer + 0.1 g/l of the second polymer are used (i.e. the ratio is 4:1),
therefore, the fracturing fluid remains viscous and capable of carrying proppant

agglomerates/flocculated proppant particles.

The goal of this approach is to place the formed proppant aggregates deep inside
the complex fracture network and keep them there either due to interaction with fracture
walls (mechanical impact, adhesion, etc.) or due to stress created in the formation that
would keep the proppant between the fracture walls, as schematically shown in Fig. 4.
The placement of consolidated packs/pillars inside the fracture network is believed to
allow the fracture conductivity and well productivity to be considerably improved. PEC-
based proppant aggregates also feature higher transport performance and minimum
settling, which ensures enhanced vertical placement in a complex fracture network,

increased size of the propped region and higher well productivity.

Then, a slug of displacement fluid is injected into the well to wash the residual
proppant out of the wellbore. When the bottomhole pressure becomes lower than the
fracture pressure, the fracture closes (closure step). As the settling rate of the formed
proppant aggregates is minimum, it ensures better vertical coverage even if the closing

time is long.

Another embodiment of the method involves hydraulic fracturing followed by

15
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isolating the fracture using a mechanical packer or a chemical diverter. The next hydraulic

fracturing job is then performed in the next interval.

Increased size of the propped fracture region provides higher fluid conductivity
via permeable channels between the proppant aggregates and high strength of the
proppant aggregates (pillars) to keep the walls of the fracture open after completion of
the hydraulic fracturing job. Displacement fluid is used to remove (wash out) the proppant

from the wellbore.

EXAMPLES

Example 1

This example describes the use of proppant aggregates that involves placing them
in the fracture and forming a proppant pack with improved vertical coverage in this

region. Fig. 5 shows the laboratory setup used to conduct the experiment.

Figs. 6a and 6b show schematic representation of the experiment results
(increased height of the proppant bank for regular slickwater (Fig. 6a) and PEC
agglomerates (Fig. 6b)). The fluid containing a polyelectrolyte complex (PEC) and a
proppant is injected through the laboratory unit (schematically shown in Fig. 5). A2 mm
wide slot between two acrylic glass panels is used for the test (the slot imitates an open

fracture).

First, aqueous solutions of two polyelectrolyte types are prepared for injection.
These aqueous solutions have a neutral pH or are slightly alkaline. For example, the first
polyelectrolyte (polyelectrolyte 1) is a cationic charged polymer, while the second

polyelectrolyte in aqueous solution (polyelectrolyte 2) is an anionic charged polymer
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(prepared with the same pH level as the aqueous solution). A sufficient amount of
proppant is added to one of the polyelectrolyte flows. Since the proppant (sand) is a
neutral material, it can be added to any of the polyelectrolyte flows. Thus, one of the
flows into the mixer is a proppant slurry in the aqueous polyelectrolyte solution, and the

other flow is the aqueous solution of the oppositely charged electrolyte.

Two oppositely charged polyelectrolytes (charged polymers) and proppant (sand
(50/140 mesh)) are mixed before being fed into the slot, which causes very quick
formation of polyelectrolyte complex-based clusters which are called “proppant
aggregates” or “proppant agglomerates”. The fluid containing formed polyelectrolyte
complex-based proppant aggregates was fed into the slot (which imitated an open

hydraulic fracture).

In Example 1 (Fig. 6a and Fig. 6b), a polymer fluid of the following composition
was tested: 1) 0.24 kg/l of water-sand slurry (50/140 mesh), 0.4 g/l of anionic
polyacrylamide (APAM); and 2) 0.24 kg/l of water-sand slurry (50/140 mesh), 0.4 g/l of
anionic polyacrylamide (APAM), and 0.1 g/l of branched polyethyleneimine (b-PEI), or
0.1 g/l of anionic polyacrylamide (APAM) and 0.4 g/l of branched polyethyleneimine (b-
PEI). Aqueous polymer solutions had the pH = 8.5. Tests in the test unit (shown in Fig. 5)

were performed at the room temperature (+20°C).

The experiments also included testing different concentrations of the first
polyelectrolyte and the second polyelectrolyte with various concentration ratios, not only
4:1, but with ratios ranging from 2:1 to 8:1 as well, which also demonstrated satisfactory

performance.

This example shows that polyelectrolyte complex-based proppant aggregates
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(anionic polymer and cationic surfactant aggregation in Fig. 6b) provide forming a
proppant pack with a vertical coverage increased by at least 75% compared to regular

slickwater (Fig. 6a).

Example 2

This example demonstrates the application performance of polyelectrolyte

complex-based proppant aggregates in salt water.

Two oppositely charged polyelectrolytes (charged polymers) and sand (50/140
mesh) are mixed in salt water before being fed into the slot, which causes very quick
formation of polyelectrolyte complex-based clusters. The fluid containing formed

polyelectrolyte complex-based proppant aggregates was fed into the slot.

Figs. 7a and 7b show schematic representation of results of the experiment
conducted using regular slickwater (Fig. 7a) and PEC agglomerates in salt water
(Fig. 7b). Similarly to the process described in Example 1, in the course of the experiment
the proppant aggregates were produced and transported into a 2 mm wide slot. This
example shows that polyelectrolyte complex-based proppant aggregates (Fig. 7b) provide
forming a proppant pack with a vertical slot coverage increased by at least 150%

compared to regular slickwater (Fig. 7a).

In the example shown in Fig. 7b, a polymer fluid of the following composition
was tested: 1) 0.24 kg/l of water-sand slurry (50/140 mesh), 0.4 g/l of anionic
polyacrylamide (APAM), 0.5 g/l of NaCl; 3 g/l of CaCl2 * 2H20; 3 g/l of MgCI2 * 6H20;
and 2) 0.24 kg/l of water-sand slurry (50/140 mesh), 0.4 g/l of anionic polyacrylamide

(APAM), 0.1 g/l of branched polyethyleneimine (b-PEI), and 0.5 g/l of NaCl; 3 g/l of
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CaCl2 * 2H20; 3 g/l of MgCI2 * 6H20. Aqueous polymer solutions had the pH = 8.5.

Tests in the test unit (shown in Fig. 5) were performed at the room temperature (+20°C).

Example 3. Bank settling after 12 h

In the following example, Fig. 8a and Fig. 8b show that the enhanced vertical slot
coverage with polyelectrolyte complex-based proppant aggregates remains stable for
several hours. Fig. 8a shows the aggregate immediately after injection into the fracture.
Then the aggregates from Example 2 were left in the slot for 12 h to test their stability. It
can be noted that after settling the vertical coverage remains practically unchanged over
the 12-hour period. It confirms that the polyelectrolyte complex-based proppant

aggregates remain stable against settling even if a fracture takes a long time to close.

Example 4

The placement of polyelectrolyte complex-based proppant aggregates inside a
fracture was modeled using a hydraulic fracturing simulator, in comparison with proppant
placement when conventional slickwater was used. Simulation outputs in Fig. 9a and
Fig. 9b show that using polyelectrolyte complex-based proppant aggregates disclosed in
the present invention ensures enhanced vertical fracture coverage and a less compact
proppant pack. Simulation of proppant pack distribution in a fracture for a fluid based on
conventional slickwater is shown in Fig. 9a, and for polyelectrolyte complex-based
proppant aggregates, in Fig. 9b. These facts confirm that a fracture with enhanced vertical
coverage and a less compact proppant pack are certain to improve permeability for better

production of reservoir fluids.

Although the above disclosure relates to methods for oil production, it can as well

be applied for production and injection of other fluids (liquids or gases).
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Apparently the above embodiments shall not be regarded as a limitation of the
scope of the patent claims. One skilled in the art will appreciate that it is possible to make
multiple changes to the technique described above without departing from the principles

of the claimed invention.
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CLAIMS

The method of hydraulic fracturing comprising:
(1) injecting a proppant-free fluid through the well into the formation to create and
5  propagate a fracture;

(i1) preparing a fracturing fluid by mixing at least water, proppant and at least the
first polymer additive and the second polymer additive to produce flocculated proppant
particles;

(ii1) injecting the fracturing fluid containing prepared flocculated proppant

10  particles into the formation;

(iv) injecting a displacement fluid into the well.

2. The method of claim 1, wherein the first polymer additive is a water-soluble
cationic polyelectrolyte, and the second polymer additive is a water-soluble anionic

15  polyelectrolyte.

3. The method of claim 1,whereinthe first polymer additive is a water-soluble

cationic polyelectrolyte, and the second polymer additive is a water-soluble anionic

surfactant.
20
4. The method of claim 1, wherein the first polymer additive is a water-soluble
cationic surfactant, and the second polymer additive is a water-soluble anionic
polyelectrolyte.
25 5. The method of claim 1, wherein the production of flocculated proppant particles
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at stage (i) comprises first preparing a mixture of proppant and a water-soluble cationic
polyelectrolyte, followed by adding a water-soluble anionic polyelectrolyte into the

mixture.

6. The method of claim 1, wherein the production of flocculated proppant particles
at stage (ii) comprises first preparing a mixture of proppant and a water-soluble anionic
polyelectrolyte, followed by adding a water-soluble cationic polyelectrolyte into the

mixture.

7. The method of claim 1, wherein the production of flocculated proppant particles
at stage (i) comprises first preparing a mixture of proppant and a water-soluble cationic

polyelectrolyte, followed by adding a water-soluble anionic surfactant into the mixture.

8. The method of claim 1, wherein the production of flocculated proppant particles
at stage (ii) comprises first preparing a mixture of proppant and a water-soluble anionic

surfactant, followed by adding a water-soluble cationic polyelectrolyte into the mixture.

9. The method of claim 1, wherein the production of flocculated proppant particles
at stage (ii) comprises first preparing a mixture of proppant and a water-soluble anionic

polyelectrolyte, followed by adding a water-soluble cationic surfactant into the mixture.

10. The method of claim 1, wherein the production of flocculated proppant
particles at stage (i1) comprises first preparing a mixture of proppant and a water-soluble

cationic surfactant, followed by adding a water-soluble anionic polyelectrolyte into the
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mixture.

11. The method of claim 2, wherein the water-soluble anionic polyelectrolyte
comprises polyacrylamides, polyacrylates, poly(methacrylic acid), sodium polystyrene

sulfonate, carboxymethyl cellulose (CMC), or a combination thereof.

12. The method of claim 2, wherein the water-soluble cationic polyelectrolyte
comprises cationic copolymers of polyacrylamide,
poly(diallyldimethylammonium)chloride = (DADMAC), polyethyleneimine (PEI),
branched  polyethyleneimine  (PEI),  poly(4-vinyl-1-methylpyridinium)bromide,
P(BrVMP), poly(diallyldimethylammonium)chloride, P(CIDDA), or a combination

thereof.

13. The method of claim 1, wherein the first polymer additive is added in

stoichiometric excess to the second polymer additive.

14. The method of claim 1, wherein the second polymer additive is added in

stoichiometric excess to the first polymer additive.

15. The method of claim 1, wherein the first polymer additive acts as a gelling

agent for the fracturing fluid.
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