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(57) Abstract: A method of placing a slurry stream comprising dry friction reducer (DFR) into a subterranean formation comprising:
forming a slurry comprising an aqueous-based fluid and a proppant by introducing a dry material comprising the proppant and the
aqueous-based fluid into a blender, forming a DFR slurry stream comprising DFR; and introducing the DFR slurry stream into the
formation, wherein forming the DFR slurry stream comprises: forming a DFR concentrate; adding the DFR concentrate into the slurry
in the blender at a location within the blender distant a location at which the dry material is added thereto, and removing the DFR slurry
stream from the blender; forming a DFR concentrate, removing a slurry stream from the blender, and adding the DFR concentrate into
the slurry stream to provide the DFR slurry stream; and/or introducing dry, powdered DFR into the blender and removing the DFR
slurry stream from the blender.
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NOVEL INJECTION METHOD FOR HIGH VISCOSITY BRY FRICTON REDUCER TO
INCREASE VISCOSITY AND PUMP EFFICHERNCY
TECHNICAL FIELD
{0001} The present disclosure relates generally to methods and apparatus for introducing a dry
friction reducer (DFR), such as a high viscosity friction reducer (HVDFR), into a slurry whereby a
viscosity of the slurry and a pump efficiency can be increased and/or mamntained.  More
particularly, the present disclosure relates to methods and apparatus for introducing a DFR or
HVDFR (also referred to herein as a DFR/HVDFR), into a slurry for introduction (e.g., injection})
into a wellbore, whereby a viscosity of the slurry and a pump efficiency of one or more pumps
utilized to pump the resulting slurry can be increased and/or maintained
BACKGROUND

{0062} Mixing and pumping High Viscosity Dry Friction Reducer (HVDFR) and Dry Friction
Reducer (DFR) with conventional additive injection methods can lead to equipment function issues
due to a large amount of air entrainment. Such equipment function issues can, in turn, lead to job
execution issues, higher equipment maintenance costs, and/or increased NPT (Non-Productive
Time). By way of example, such equipment function issues can include, without limitation,
inefficiency of a blender discharge pump, resulting in pump rate and/or pressure losses;
mefticiencies of HHP (high horsepower pumps; e.g, high rate downhole positive displacement
pumps, such as Quintuplex and Triplex pumps (e.g., Q10}, HT-2000, etc.), difficulty achieving a
design rate promised to customers; difficulty achieving a design proppant concentration promised
to customers, and inadequate viscosity of the DFR. HHP inefficiencies include HHP losing prime
on pumps, HHP wot receiving sufficient suction side boost pressure to operate smoothly and
efficiently, and HHP not receiving enough suction side fluid rate and boost pressure to achieve
design treatment rate. Achieving the design rate can become ditficult, if not impossible, if a
pressure of a blender discharge decreases. If a design proppant concentration is not achieved,
fracture conductivity can also be compromised. Inadequate viscosity of the DFR can result from
slow or inadequate hvdration, low fluid DFR concentration and/or exposure of the DFR fluid to
shear. DFRs such as polyacrylamide (PAM) FRs are shear sensitive and do not reheal. Inadequate
viscosity of the DFR can lead a reduction 1n proppant transport capability.

18063} When a DFR or a high viscosity DFR (HVDFR is added to a fluid upstream of the

proppant, a significant volume of air can be introduced into the system as proppant is added nto
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the fluid.  This is not an issue with water, hquid FR’s, or gels with a guar or derivative guar
vartants, as the rheclogical properties of these materials can effectively allow mitigation of the
entrained air in the fluid. However, the rheological properties of fluids containing DFR/ HVDFR
can be such that the entrained air cannot adequately escape.
{6004] Accordingly, there exists a need for a system and method for introducing a
DFR/HVDFR whereby a viscosity of the resulting fluid and pump efficiency can be increased or
maintained.

BRIEF SUMMARY OF THE DRAWINGS
{6005] For a more complete understanding of this disclosure, reference is now made to the
following brief description, taken in connection with the accompanying drawings and detailed
description, wherein like reference numerals represent like parts.
10006} FIG. 1 is a schematic of a dry friction reducer/high viscosity dry friction reducer
(DFR/HVDEFR) system I, according to erabodiments of this disclosure.
{60087} FIG. 2 is a schematic of a DFR/HVDFR system I, configured for introduction of
DFR/HVDFR into a slurry blender (e.g, via a slurry blender drain line), according to embodiments
of this disclosure.
{0008} FIG 3 is a schematic of a DFR/HVDFR systemn L configured for introduction of
DFR/HVDFR mto a slurry blender discharge line upstream of a shurry blender discharge pump,
according to embodiments of this disclosure.
{0009} FIG. 4 is a schematic of a DFR/HVDFR system 1V, configured for introduction of
DFR/HVDFR into a slurry blender discharge line upstream of or into a slurry blender discharge
manifold, according to embodiruents of this disclosure.
{6010} FIG. 5 is a schematic of a DFR/HVDFR system V, configured for introduction of
DFR/HVDFR upstreamm of or into an HHP suction side discharge manifold, according to
embodiments of this disclosure.
{0011} FIG. 6 15 a schematic of a DFR/HVDFR system VI, configured for introduction of dry,
powder DFR/HVDFR into a slurry blender, separately or in combination with a proppant,
according to embodiments of this disclosure;
{06012} FIG. 7A depicts the addition of proppant into water;
{0013} Fi(3. 7B depicts the addition of proppant into 35 lby/1,000 gal guar linear gel;
{0014] FIG. 7C depicts the addition of proppant into 9 1b,/1,000 gal HVDFR;
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{6015} F1G. 8 depicts the modified rig-up of Example 1;
{0016} FIG. 9 1s a plot discharge pressures and rates of the pre-gel blender unit of the moditied
rig-up of Example 1, (e g, systems 1L, 1T, IV, and V),
{06017} FIG. 10A 15 a plot discharge pressures and rates of the slurry blender of the rodified
rig-up of Example 1, {e.g, systems IV and V};
{0018} FIG. 10B 1s a combined plot of the discharge pressures and rates of both the pre-gel
blender discharge pump P2 and the slurry blender discharge pump P4 of Example 1;
[0019] FIG. 11 is a plot of the discharge pressures and rates of the shurry blender of a
conventional, comparison rig-up of Example 1 with DFR/HVDFR concentrate injection upstream
of or at the fluid / sand addition interface (that is, with DFR/HVDFR concentrate added into the top
of the blender sand mixing tub/vessel together with the proppant}; and
18020} Fi(3. 12 is a plot of the discharge pressures and rates of the drain valve modified rig-up
of Example 2.

DETAILED DESCRIPTION
{0021} It should be understood at the outset that although an illustrative implementation of one
or more embodiments are provided below, the disclosed systems and/or methods may be
implemented using any number of techniques, whether currently known or in existence. The
disclosure should in no way be limited to the ilustrative implementations, drawings, and
techniques illustrated below, including the exemplary designs and implementations illustrated and
described herein, but may be modified within the scope of the appended claims along with thewr
fill scope of equivalents.
{0022} As utilized herein, a “slurry” is a pumpable thud comprising a carmier fluid (e g,
aqueous fluid) and one or more solid components {e.g., proppant}.
Overview
{0023} Herein disclosed are systems and methods for using a fast acting or fast hydrating
friction reducer (FR). In embodiments, no extra in-fluid residence time s utilized in addition to a
transit time in the equipment, manifolds and hoses from a point of mixing the dry material (¢ g,
dry DFR/HVDFR)} with water to produce a DFR/HVDFR concentrate to a point of addition of the
DFR/HVDFR concentrate to a shurry or “treatment flind”. (Although described with reference to
mixing the DFR/HVDFR with ‘water’ herein, the water can be provided as a component of an

“aqueous fluid” comprising water, in embodiments. For example, the dry material can be mixed

(8]
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with water or with an aqueous fluid comprising water comprising some composition of total
dissolved solids (TDK) / salts or total suspended solids (TS8}.) Thus, in embodiments, no separate
hydration or conditioning tank is utilized to provide additional residence time for the DFR/HVDFR
to becorue active prior to mcorporation nto the slurry or “treatment fluid”. Via the systerms and
methods, other dry materials {e.g., proppant) can be added to the process fhuid shurry without
causing a reduced delivery rate of process fluid blender equipment (e.g., a slurry blender, as
described hereinbelow) and/or a reduced output pressure of pump(s) (e.g, a shurry blender
discharge pump, as described hereinbelow) utilized to pump the slurry.

{6024} As noted above, because a fluid containing a fast acting or fast hydrating friction
reducer has properties which can promote inefficient mixing and pumping performance upon
addition to a fluid, by gravity induced free fall through air, of other dry materials, the normal
function of conventional fluid slurry blending and pumping equipment is typically impeded and a
throughput volumetric flow rate and pressure output performance significantly reduced in
proportion to the levels of dry friction reducer and other dry additives used to formulate a process
slurry coraprising same.  As mentioned hereinabove, this reduction in performance can be caused
by excess air entrainment in a shurry comprising the fluid and dry additives or other slurry
parameters induced by the presence of the DFR/HVDFR and other dry additives. Dry additives
can include, without limitation, sand, proppant, and/or dry materials used to impart specific
functions to the mixed process slurry.

{0025} In embodiments, a system and method of preparing a slurry comprising a DFR/HVDFR.
as per this disclosure provides for mixing a DFR/HVDFR with water to form a DFR/HVDFR
concentrate and adding the DFR/HVDFR concentrate to a treatment fluid stream or shurry, without
the use of a hydration tank or holding vessel for providing residence time, with minimized
hydration time for the DFR/HVDFR concentrate (e.g., only a time of mixing and transit to a point
of addition to the slurry), and/or at a point in the treatment fluid or slurry which allows the
resulting DFR/HVDFER containing shurry to have reduced air entrainment caused by the addition of
other dry additive materials.

{06026] In embodiments, a system and method of preparing a slurry comprising a DFR/HVDFR
as per this disclosure provides for addition of the DFR/HVDFR as a dry (e.g., powdered) material
directly into the treatment fluid or slurry, whereby a pressure and delivery rate performance of a

pump utihized to pump the DFR/HVDFR containing slurry are vot affected by the addition of
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materials to the fluid stream or slurry either by increased air entrainment or otherwise (e.g., by
VISCOSItY}.

{00271 In embodiments, a system and method of this disclosure provide for bypassing of a
hydration tank of an existing pre-gel blender unit {(e.g., a blending unit operated without proppant)
that is conventionally utilized to hydrate dry materials {e.g., dry DFR/HVDFR). Due to the speed
at which the DFR/HVDFR matenial of this disclosure hydrates with the hereinbelow disclosed
system and the desire, as taught herein, to mitigate exposure of the DFR/HVDFR to shear, such a
conventional hydration tank is bypassed, in embodiments, and the DFR/HVDFR (e g, polymer)
mixed with a fluid (e.g., water) to provide a DFR/HVDFR concentrate and the DFR/HVDER
concentrate introduced (e g, injected) into a treatment fluid or slurry without introduction into a
hydration tank. For example, in embodiments, the DFR/HVIDFR concentrate is introduced directly
into a discharge manifold of a slurry blender {e.g, a blending unit operated with proppant). This
introduction or injection can be subsequent to a discharge centrifugal pump (e.g., a slurry blender
discharge pump, as described hereinbelow) of the slurry blender. In such embodiments, since the
introduction point for the DER/HVDFR concentrate is downstream from (e.g., after) the discharge
pump of the slurry blender and the hydration tank of the blending unit operated without proppant is
bypassed, issues with entrained air can be mitigated, and losses and/or fluctuations in discharge
pressure and rate of the discharge punp of the slurry blender not encountered and/or minimized.
{6028} Conventional systems are designed for introduction of DFR/HVDFR by mixing a fluid
containing HVDFR/DFR in a mixer, holding the DFR/HVDFR containing fluid in a tank {e.g, a
hydration tank) to allow an extended time for hydration before use in a treatment fluid, injecting
and metering the DFR/HVDFR containing fluid into a treatment fluid stream after holding in the
hydration tank for a period of time aliowing sufficient hydration.

{60629} The DFR/HVDFR concentrate may be injected into:  a suction manifold of a shurry
blending unit; a tub or “slurry blender” (e.g., a blending unit with proppant) of the shurry blending
unit; a slurry blender discharge pump suction manifold; a slurry blender discharge manifold; a
discharge mantfold for HHP pumps suctions; or a combination of any and all of these injection
points. However, use of any of or a combination of these injection points upstream of the point of
sand {e. g., proppant) additions can lead to a reduction in a discharge pressure of the slurry blending
unit {e.g., of a slurry blender discharge pump thereof}. This reduction in pressure can lead to losses

in rate and/or cavitation of downstreamn HHP. Conventional methods can include up to 4 points of
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shear for the DFR/HVDFR (e.g., polvmer) prior to the HHP. These points of shear include: a pre-
gel (e.g., centrifugal) pump, a slurry blender suction {e.g., centrifugaly pump, a shlurry blender
agitator, and the shurry blender discharge (e.g, centrifugal} pump. By bypassing the hydration tank
of the pre-gel blending unit {e.g., the blending unit without proppant) and not introducing the
DFR/HVDFR concentrate into the suction manitold of the slurry blending unit, as described
herein, the disclosed system and mwethod allow for a decrease i the number of points of shear to
which a DFR/HVDFR concentrate is exposed. Bypassing a hydration tank of a DFR/HVDFR pre-
gel blending unit and/or adding a DFR/HVDFR concentrate into a fluid stream at a point without
proppant {e.g., itroducing or injecting the DFR/HVDFR concentrate into a shurry blender
discharge manifold downstream of the slurry blender and/or downstream of a location in the slurry
blender at which proppant is introduced), as per embodiments of this disclosure detailed
hereinbelow, can provide advantages including, without limitation, increased pump efficiency for a
slurry blender discharge (e.g., centrifugal) purop and reduced exposure of the DFR/HVDFR (e g.,
polymer) concentrate to shear, thus resulting in higher viscosity and proppant transport capabilities
of the resulting slurry comprising DFR/HVDFR.

{6036} Additionally, in embodiments, the system and method of this disclosure allow for a
reduction or minimization of NPT, thus providing cost savings. Increasing an efficiency of the
slurry blender discharge pump can provide advantages including, but not limited to reducing
maintenance issues associated with the slurry blender discharge pump, and thus concomitantly
decreasing maintenance costs associated therewith and/or decreasing NPT. A wore consistent
discharge pressure of the shurry blender discharge pump can provide one or more of the following
advantages: reduced cavitation on HHP, which can provide for reduced wear, for example, on
pump fluid ends and wear items, such as, without limitation, valves and plungers of the HHP, and
reduced fluctuations in HHP discharge pressure.

{0031} Introducing/injecting the DFR/HVDFR (e.g., polymer) concentrate into an environment
with less shear, as per this disclosure, can lead to one or more of the following advantages: higher
proppant transport due to higher shurry viscosity and/or utilization of a reduced amount of
DFR/HVDFR to build a desired slurry viscosity. Utilization of a reduced amount of DFR/HVDFR
can result 1n reduced gel damage to a subterranean formation, leading to higher conductivity and

permeability, and cost savings.
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{6032] Herein disclosed is a system for adding a slurry comprising dry friction reducer (DFR)
into a subterrangan formation. The system comprises a slurry blender comprising an agitator and
configured to produce a slurry comprising a proppant in an aqueous-based fluid; a slurry blender
suction pump fluidly connected with the slurry blender and with a slurry blender suction manifold
and operable to introduce the aqueous-based fhuid from the shirry blender suction manifold into the
slurry blender; a slurry blender discharge pump fluidly connected via a shurry blender discharge
line with an outlet of the slurry blender and operable to introduce slurry from the shirry blender
into a slurry blender discharge manifold; one or more high horsepower pumps (HHP) fluidly
connected via an HHP manifold and a slurry blender discharge manifold outlet line with the shurry
blender discharge manifold and operable to inject the slurry from the HHP manifold into the
formation; and {a) apparatus configured for introducing DFR/HVDFR in dry, powdered form
directly into the shurry blender to produce the slurry comprising DFR/HVDFR that is removed
from the slurry blender via the slurry blender discharge hne; and/or (b} DFR/HVDFR concentrate
production apparatus configured to provide a DFR/HVDFR concentrate comprising water and
DFR/HVDFR, and (1) a line fluidly connecting the DFR/HVDFR concentrate production apparatus
with {e.g., a drain line of) the slurry blender, whereby the DFR/HVDFR concentrate is introduced
into a location within the slurry blender distant a location at which dry materials are added thereto
{e.g., a bottom of the slurry blender}, and the shurry comprising DFR/HVIDFR is removed from the
slurry blender via the slurry blender discharge line, (i1) a line fluidly connecting the DFR/HVDFR
concentrate production apparatus with the shurry blender discharge line upstream of the slurry
blender discharge pump, whereby the DFR/HVDFR concentrate is introduced into the shurry in the
slurry blender discharge line to provide the slurry comprising DFR/HVDFR; (i) a hine tludly
connecting the DFR/HVDFR concentrate production apparatus with the slurry blender discharge
line downstream of the slurry blender discharge pump and upstream of the shurry blender discharge
manifold and/or into the slurry blender discharge manifold, whereby the DFR/HVDFR concentrate
is introduced into the shurry in the slurry blender discharge hine and/or the slurry blender discharge
manifold to provide the slurry comprising DFR/HVDFR: (iv) a line fluidly connecting the
DFR/HVDFR concentrate production apparatus with the slurry blender discharge manifold outlet
fine downstream of the slurry blender discharge manifold and upstream of the HHP suction side
discharge manifold and/or into the HHP suction side discharge manifold, whereby the

DFR/HVDFR concentrate 18 introduced 1nto the shurry in the slurry blender discharge manifold
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outlet line and/or the HHP manifold to provide the slurry comprising DFR/HVDFR; or (v) a
combination thereof

0033} Description of a system of this disclosure will now be made with reference to the
embodiment of Figure 1, which is a schematic of a DFR/HVDFR system I, according to
embodiments of this disclosure. System I comprises DFR/HVDFR concentrate production unit 10
{which is also referred to herein as a “pre-gel unit” or “pre-gel blender” 10) operable to combine
water in water line 11 with dry {e.g., powdered) DFR/HVDFR in dry DFR/HVDFR inlet line 12 to
produce a DFR/HVDFR concentrate, which can be removed from DFR/HVDFR concentrate
production unit 10 via DFR/HVDFR concentrate (or “pre-gel bender outlet™) line 15.

{0034} DFR/HVDFR concentrate production unit 10 comprises one or more pumps and a
mixer configured to produce an aqueous DFR/HVDFR concentrate containing DFR/HVDFR and
water. In embodiments, the DFR/HVDFR concentrate has a concentration in a range of from
about 1 to about 250, from about 1 to about 100, or from about 1 to about 50 pounds per gallon
{Ib/gal), or greater than or equal to about 1, 5, 10, 50, 100, or 250 lb/gal. DFR/HVDFR
concentrate production unit 10 can comprise one or more pumps, for example a first pump and/or a
second pump. In embodiments, such as depicted in Figure 1, DFR/HVDFR concentrate
production unit 10 comprises a first pump that 1s a pre-gel blender suction pump P1 and a second
pump or pre-gel blender discharge pump P2, DFR/HVDFR concentrate production unit 10 also
comprises a mixer 13, Mixer 13 is fluidly connected with pre-gel suction pump P1 by first Pl
outlet ine 11A, whereby at least a portion ot a water stream in water line 11 1s pumped via pre-gel
suction pump P1 into mixer. Within mixer 13 of pre-gel blender 10, the portion of the water
strearn 1o water line 11 pumped into mixer 13 via first pump P1 outlet line 11A and powdered
DFR/HVDFR introduced into mixer 13 via powdered or “dry” DFR/HVDER inlet line 12, are
mixed to produce a DFR/HVDFFR concentrate. The DFR/HVDFFR concentrate produced i
mixer 13 can be removed therefrom via a pre-gel mixer outlet Hine 14, In embodiments, a second
pump Pl outlet hine 11B is configured to introduce a portion of the water in line 11 pumped
through pre-gel suction pump P1 directly into pre-gel mixer outlet line 14, thus bypassing mixer
13, In this manner desired amounts of water can be employed within mixer 13 and within the
concentrate stream in pre-gel mixer outlet hive 14, For example, in ervbodiments, from about 10 to
about 100, from about 18 to about 50, or from about 33 to about 67 weight percent (wt%) of the

water in water line 11 1s pumped via pre-gel suction pump P1 into mixer 13, while the remaining
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from about 0 to about 90, from about 50 to about 82, or from about 33 to about 67 wt% of the
water in water line 11 is pumped via pre-gel suction pump P1 directly into pre-gel mixer outlet line
14. In embodiments, a total amount of water in the DFR/HVDFR concentrate in DFR/HVDFR
concentrate line 15 removed from DFR/HVDFR concentrate production unit 10 1s less than or
equal to about 100, 90, 80, 70, 60, 50, 40, 30, 20, 10 or 2 wit% of the water in the DFR/HVDFR
slurry or treatment fluid pumped downhole via the HHP.

18035} In embodiments, DFR/HVDFFR concentrate production unit 10 comprises a hydration
unit or hydration tank 17, Hydration unit 17 can be any hydration unit designed for or operable to
allow a residence time for hydration of the DFR/HVDFR in the DFR/HVDFR concentrate
mtroduced thereto. In embodiments, hydration tank 17 comprises baffles. In embodiments, as
detailed hereinbelow, hydration task 17 is present. In embodiments, hydration tank 17 is present,
but bypassed, as detailed further hereinbelow. In embodiments, hydration tank 17 is absent from a
system of this disclosure.

{06036} By way of example, in embodiments, pre-gel blender unit 10 is an existing pre-gel
blender unit, for example mounted on a skid or trailer, and comprises a hydration unit or tank 17
configured to provide a residence time for hydration of a FR. In embodiments, such a hydration
unit or tank 17 s bypassed, and the pre-gel mixer outlet line 14 is configured to bypass hydration

tank 17. This may be enabled by the use as FR, a fast-acting DFR or HVDFR. In such

embodiments, the DFR/HVDFR concentrate in mixer outlet line 14 bypasses hydration tank 17, as
indicated by hydration unit bypass line 14B. In embodiments, no hydration unit is present in
DFR/HVDFR concentrate production unit 10, In such embodiments, line 14A and 14 can be the
same line. Alternatively, in embodiments, all or a portion {e.g,, 10, 20, 30, 40, 50, 60, 70, 80, 90, or
100 volume percent) of the DFR/HVDFER concentrate in mixer cutlet line 14 is introduced into
hydration tank 17 via pre-gel hydration unit inlet line 14A, while the remaining portion {(e.g., 90,
80, 70, 60, 50, 40, 30, 20, 10, or 0 volume percent} of the DFR/HVDFR concentrate in mixer outlet
line 14 enters hydration unit bypass line 14B.

{6037} In embodiments, the DFR is a high viscosity dry friction reducer (HVDFR) defined as a
DFR that, when added to a fluid such as a particulate slurry (e.g, proppant-laden fracturing thuid),
lowers the particle critical sedimentation velocity of the particulate slurry.  In embodiments, the
DFR/HVDFR is a fast acting friction reducer. In embodiments, the DFR/HVDEFR is a fast acting

friction reducer which achieves its active function in a time interval of less than or equal to 60, 45,
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or 30 seconds. In embodiments, the DFR/HVDFR is a fast acting friction reducer which achieves
at least 80 percent of tts ultimate fluid friction reduction effect in a time interval of less than or
equal to 60, 45, or 30 seconds. In embodiments, the DFR/HVDFR is a fast acting friction reducer
which achieves at least 80 percent of its ultimate fhuid viscosifying etffect 1n a time interval of less
than or equal to 60, 45, or 30 seconds. In embodiments, the DFR/HVDFR is a solid material at
ambient temperature and pressure.  In embodiments, the DFR/HVDFR 15 an associative entity
capable of forming extended structures in a fluid. In embodiments, the DFR/HVDFR comprises a
polymer. In embodiments, the DFR/HVDFR comprises a synthetic polymer. In embodiments, the
DFR/HVDFR comprises anionic or cationic polymer. In embodiments, the polymer includes a
hugh molecular weight polymer. In embodiments, the DFR/HVDFR comprises polyacrylanude
(PAM). In embodiments, the DFR/HVDFR comprises PAM, polvacrylic acid, hydrolyzed
polvacrvlanmide, acrylamidomethylpropane sulfonate, or a combination thereof. 1n embodiments,
the DFR/HVDFR comprises a polvacrylamide (PAM) copolymer. In embodiments, the
DFR/HVDFR has a combination of the aforementioned features {e.g., is an associative entity
capable of forming extended structures in a fluid, a polymer, and comprises PAM).

{0038} As noted hereinabove, the DFR/HVDFR concentrate production apparatus 10 13
configured to provide the DFR/HVDFR concentrate comprising water and DFR/HVDFR and can
comprise pre-gel blender mixer 13 configured to mix the DFR/HVDEFR with water to produce the
DFR/HVDFR concentrate, and pre-gel blender suction pump P1 fluidly connected with the pre-gel
blender mixer 13 and countigured to introduce water into the mixer. In the embodiment of Figure 1,
pre-gel blender 10 further comprises second or pre-gel blender discharge pump P2, Pre-gel
blender discharge pump P2 can be configured to pump the DFR/HVDFR coucentrate downstream.
In such embodiments, all or a portion (e.g., from about 0 to about 100, from about 5 to about 50, or
from about 30 to about 100 volume percent) of the DFR/HVDFR concentrate in hydration unit
bypass line 14B can be introduced into pre-gel blender discharge pump P2 via pump P2 non-
bypass line 14C. In embodiments comprising hydration unit 17 and in which all of the
DFR/HVDFR in mixer outlet line 14 does not bypass hydration unit 17, a pre-gel hydration unit
cutlet line 14E can be configured to introduce DFR/HVDFER concentrate from hydration unit 17
into pre~gel blender discharge pump P2, The DFR/HVDFR concentrate pumped via pre-gel
discharge pump P2 (e.g., the DFR/HVDFR concentrate introduced into pre-gel blender discharge
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pump P2 via pre-gel pump P2 non-bypass line 14C and/or pre-gel hydration unit outlet line 14E)
can be removed therefrom via pre-gel pump P2 outlet line 14F.

0039} In embodiments, all or a portion (e g., the remaining from about 0 to about 100, from
about 5 to about 60, or from about 40 to about 100 volume percent of the DFR/HVDFR in pre-gel
hydration unit bypass line 148 that is not introduced into pre-gel hydration unit discharge pump
P2} of the DFR/HVDFR concentrate in hydration unit bypass line 14B bypasses pre-gel blender
discharge pump P2, as indicated via line 14D. In embodiments, pre-gel discharge pump P2 bypass
hine 14D is a same line as {e.g., a downstream section of) pre-gel hydration unit bypass line 148,
which can itself be the same line as {e.g., a downstream section of} pre-gel mixer outlet line 14,
{6040} DFR/HVDFR concentrate produced in pre-gel blender umit 10 can be removed
therefrom via DFR/HVDFR concentrate outlet ling 15,  In embodiments, DFR/HVDFR
concentrate outlet line 15 13 a same line as (e.g., is a downstream section of pre-gel discharge pump
P2 bypass hine 14D, which, as noted above, can be a same line as {e.g., a downstream section of)
pre-gel hydration unit bypass line 148, which can itself be the same line as (e.g, a downstream
section of) pre-gel muxer outlet line 14,

{0041} In embodiments, pre-gel blender suction pump P1 (e.g., parallel combination of mixer
13 and pre-gel mixer pump P1} is operable to provide DFR/HVDFR concentrate in pre-gel mixer
outlet line 14 having a pressure P' in a range of from about 0 to about 30, from about 10 to about
50, trom about 30 to about 90, less than or equal to about 90, 60, or 20 pst, and/or greater than or
equal to about 0, 30, or 60 psi. In embodiments, pre-gel blender discharge pump P2 is operable to
increase the pressure of a fluid pumped thereby by a pressure AP of greater than or equal to about
30, 60, or 90 psi. In embodiments, hydration tank 17 is not bypassed at all (eg., all of the
DFR/HVDFR concentrate in pre-gel mixer outlet line 14 enters hydration tank 17, is removed at a
pressure P" (e g, substantially atmospheric pressure) from hydration tank 17 via pre-gel hydration
unit outlet line 14E, and is pumped via pre-gel unit discharge pump P2, and the DFR/HVDFR
concentrate in pre-gel discharge pump P2 outlet line 14F has a pressure P (equal to pressure P" +
AP} in a range of from about 5 to about 30, from about 20 to about 60, from about 40 to about 110,
less than or equal to about 110, 70, or 30 psi, and/or greater than or equal to about 5, 30, or 110 psi.
In embodiments, hydration unit 17 1s completely bypassed or absent, and pre-gel blender discharge
pump P2 is operable to provide a pressure P" {equal to pressure P' + AP} in pre-gel discharge pump

P2 outlet line 14F n a range of from about 0 to about 30, from about 20 to about 80, from about 30
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to about 110, less than or equal to about 110, 80, or 30 psi, and/or greater than or equal to about 5,
30, or 110 psi.

10042} In embodiments, hydration tank 17 is absent or completely bypassed (e.g, all of the
DFR/HVDFR concentrate in mixer outlet line 14 follows hydration unit bypass line 14B) and pre-
gel blender discharge pump P2 is completely not bypassed (e.g., all of the DFR/HVDFR in
hydration unit bypass line 14B follows pre-gel blender discharge pump P2 non-bypass line 14C),
and the DFR/HVDFR concentrate in DFR/HVDFR concentrate outlet line 15 has a pressure {equal
to P" = P'+ AP) in a range of from about 0 to about 30, from about 20 to about 80, from about 30
to about 110, less than or equal to about 110, 80, or 30 psi, and/or greater than or equal to about 5,
30, or 110 psi.

{0043} In embodiments, hydration tank 17 is completely not bypassed (eg., all of the
DFR/HVDFR concentrate in mixer outlet line 14 follows pre-gel hydration unit inlet line 14A) and
pre~gel blender discharge pump P2 is completely not bypassed {e.g., all of the DFR/HVDFR in
pre-gel hydration unit outlet line 14E enters pre-gel blender discharge pump P2), and the
DFR/HVDFR concentrate in DFR/HVDFR concentrate outlet line 15 has a pressure {(equal to P" =
P" + AP} in a range of from about ( to about 30, from about 20 to about 80, from about 30 to about
110, less than or equal to about 110, 80, or 30 psi, and/or greater than or equal to about S, 30, or
110 psi.  In some such embodiments, P" equals atmospheric pressure (Pamv), and P" is
substantially equal to Paypm plus AP

{0044] In embodiments, hydration tank 17 1s partially bypassed and pre-gel discharge purmp P2
is partially bypassed, and the DFR/HVDFR concentrate in DFR/HVDFR concentrate outlet line
has a pressure less than P' -+ P".

{0045} Pre-gel pump P2 of pre-gel blender 10 or ancther “boost” pump can be utilized to
increase the pressure to a pressure sufficient to introduce the DFR/HVDFR concentrate
downstream.

0046} A system of this disclosure further comprises a slurry blender configured to produce a
slurry comprising a proppant in an aqueous-based fluid.  In the embodiment of Figure 1, shurry
blender 20 comprises a tank or vessel 30 and a slurry blender agitator 21.

{0047} Shurry blender 20 1s fluidly connected with a shurry blender suction pump P3 operable
to introduce an aqueous based fluid into sturry blender 20 via aqueous based fluid inlet line 24A.

In erobodiments, slurry blender suction pump P3 is fluidly counnected with a slurry blender suction
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manifold 25. Slurry blender suction pump P3 is thus fluidly connected with the slurry blender 20
and with slurry blender suction manifold 25 and operable to introduce the aqueous-based fluid in
aqueous based fluid line 24 from the slurry blender suction manifold 25 into the slurry blender 20.
One or more aqgueous based fluid lines, such as aqueous based fluid line 24 of the embodiment of
Figure 1, are fluidly connected with slurry blender suction manifold, for introducing aqueous based
fluid thereto. The agueous based fluid can be component (e.g., a base fluid) of a welibore
servicing fluid, in embodiments. In embodiments, the slurry (e.g, slurry stream) comprising
DFR/HVDFR is a fracturing fluid, and the aqueous based fluid comprises a carrier for a fracturing
or “frac” fluid. In embodiments, the aqueous based fluid comprises water, water with dissolved
solids, water with suspended solids, water with a combination of dissolved and of suspended
solids, recycled water, water produced from a well, waste water, fresh water, sea water, brine, an
acid solution, an aqueous treating fluid formulation, or a combination thereof.

{0048} A solids line 22 (also referred to herein as a “proppant” line 22) can be configured for
introducing a solid, particulate material into slurry blender 20, In embodiments, the solid,
particulate material comprises sand, mineral particulates, particulates sourced or produced from
fauna or flora materials, diverter material, sohid treatment fluid additives including but not limited
to - biocides, scale inhibitors, surfactants, flow back aid agents, activators, retarders, rheology
modifiers, and any combination of these - and man-made particulates. Solids or “proppant” Hine 22
can be configured to introduce the solid material (e.g., in a dry form; dry proppant} by gravity (e.g.,
free fall) into a slurry in slurry blender 20, in embodiments.  In embodiments, the proppant
comprises sand, treated sand, ceramic materials, man-made particles, particles comprising a
polymeric matenal, particles of matenal sourced from flora (e.g., the plant kaingdom), particles
comprising a composite, particles comprising a primary structural material and a secondary added
material, or a combination thereof In embodiments, the solid, particulate material comprises dry
proppant, and the dry proppant is introduced into the slurry blender 20 by gravity feeding of the
dry proppant into the slurry blender 20 via proppant inlet Hne 22.

{6049] Slurry blender 20 combines the solid material introduced thereto via solids inlet line 22
with the aquecus based fluid introduced thereto via aqueous based fluid inlet line 24A to produce a
slurry, which is agitated within slurry blender 20 via slurry blender agitator 21 Various sturry
agitators {e.g., a paddle agitator) can be utilized. A shurry blender drain line 26 can be thudly

connected with a bottom of slurry blender 20, and configured for draining sturry blender 20, (As
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detailed hereinbelow, in embodiments, DFR/HVDFR concentrate can be introduced into shurry
blender 20 below a point of contact of the solids introduced via solids tnlet line 22, for example via
the sturry blender dran line 26.)

[6050] One or more other components can be introduced into sturry blender 20 via one or
more other component inlet lines, such as other component inlet lines 23A and 238 of the
embodiment of Figure 1. Other component inlet line 23 A introduces the other component(s) into
shurry blender 20 directly, while other component line 23B introduces the other component(s) by
introduction thereto into aqueous based fluid inlet line 24A. The other component can cormprise,
for example, a breaking agent, dry, powdered DFR/HVDFR, wet or dry treating chemicals,
biocides, surfactants, scale inhibitors, tlow-back aid agents, activators, retarders, rheology
modifiers, or a combination thereof. In embodiments, detailed hereinbelow with reference to the
embodiment of Figure 6, other component line 23A can be configured for the introduction of
DFR/HVDFR in dry, powdered form via a top T of slurry blender 20, separately or in combination
with the solids material introduced via solids inlet line 22. That is, a single line 22/23A can be
utilized, in embodiments, to introduce (e.g., a mixture of) solids {e.g., proppant) and dry, powdered
DFR/HVDFR into slurry blender 20, In such embodiments, DFR/HVDFR concentrate production
unit 20 can be absent from the system or not utilized. In embodiments, dry, powdered
DFR/HVDFR is not added to shurry blender 20, and/or DFR/HVDFR (dry, mixed with a liquid, or
DFR/HVDFR concentrate)} is not added to a top section of shurry blender 20 (e.g., a top 10, 20,
30% of slurry blender 20).

{8051} A system of this disclosure can further comprise a slurry blender discharge pump P4
fluidly connected via a slurry blender discharge line 27 with an outlet of the slurry blender 20,
fluidly connected with a slurry blender discharge manifold 35, and operable to introduce shurry
from the slurry blender 20 into the slurry blender discharge manifold 35, Pumps P1, P2, P3, and/or
P4 can comprise centrifugal pumps.

10052} A system of this disclosure can further comprise one or more high horsepower pumps
{HHP) fluidly connected via an HHP suction side discharge manifold 45 (HHP suction side
discharge manifold 45 comprises a discharge manifold upstream of HHP pump suctions) and a
slurry blender discharge manifold outlet line 29 with the slurry blender discharge roanifold 35 and
operable to inject the shurry from the HHP suction side discharge manifold 45 into the formation.

In the embodiment of Figure 1, system I comprises three HHP, HHP 1, HHP2, and HHP3, fluidly
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connected with HHP suction side discharge manifold 45 via HHP inlet lines 46A, 468, and 46C,
respectively.  Slurry is pumped from the HHP via HHP outlet lines 46A", 46B', and 46C)
respectively.  The HHP can be any high horsepower pumps. For example, in embodiments, the
HHP comprise high rate downhole positive displacement pumps, such as Quintuplex and Triplex
pumps {e.g., 10}, HT-2000, etc.

{0053] As noted above, a system of this disclosure can further comprise: (1) a line fluidly
connecting the DFR/HVDFR concentrate production apparatus 10 with {e g, a drain line of} the
slurry blender, whereby the DFR/HVDFR concentrate is introduced into a location within the
sturry blender distant a location at which dry materials are added thereto (e.g., a bottom B orvia a
lower portion {(e.g., a lower 40, 30, 20, or 10% of sides S of slurry blender 20} of the slurry blender
20 when dry materials are added at a top T thereof}, and the slurry comprising DFR/HVDFR i3
removed from the slurry blender via the sharry blender discharge line 27 of the slurry blender 20.
For example, as depicted n the embodiment of Figure 1 and the embodiment of Figure 2, which is
a schematic of a DFR/HVDFR system 1, according to embodiments of this disclosure, system I
and systemn I of this disclosure comprise first DFR/HVDFR concentrate hine 15A that fhuidly
connects the DFR/HVDFR concentrate production apparatus 10 with drain line 26 of the slurry
blender 20. First DFR/HVDFR concentrate line 1SA can be utilized to introduce slurry into a
bottom of the slurry blender 20, In such embodiments, a slurry comprising DFR/HVDFR is
removed from the slurry blender 20 via the slurry blender discharge line 27, Alternatively, first
DFR/HVDFR concentrate line 1SA can be configured for introduction of DFR/HVDFR
concentrate at a point beneath an elevation at which solid material from selids inlet line 22 contact
the aqueous fluid (e.g., the slurry) in slurry blender 20, For example, in emwbodiments a first
DFR/HVDFR concentrate line 15A is configured for introduction of the DFR/HVDFR concentrate
from DFR/HVDFR concentrate line 1S into a lower 5, 10, 20, 30, 40, 50, 60, 70, or 80% of slurry
blender 20. For example, first DFR/HVDFR concentrate line 15A can introduce DFR/HVDFR
concentrate from DFR/HVDFR concentrate line 1S into bottom B or sides S of slurry blender 20.
Thus, although depicted as such in Figure 1 and Figure 2, first DFR/HVDFR concentrate line 15A
need not be a shlurry blender drain line, in embodiments. A valve Vi may be present on first
DFR/HVDFR  concentrate line 1354, for controlling flow of DFR/HVDFR concentrate

therethrough.
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[0054] As noted above, a system of this disclosure can further comprise: (11} a line fluidly
connecting the DFR/HVIDFR concentrate production apparatus with the slurry blender discharge
line upstream of the slurry blender discharge pump, whereby the DFR/HVDFR concentrate is
introduced into the slurry in the slurry blender discharge Hue to provide the slurry comprising
DFR. For example, as depicted in the embodiment of Figure 1 and the embodiment of Figure 3,
which is a schematic of a DFR/HVDFR systern Hi, according to ersbodiments of this disclosure,
system I and system III of this disclosure comprise second DFR/HVDFR concentrate line 15B that
fluidly connects the DFR/HVDFR concentrate production apparatus 10 with the shurry blender
discharge line 27 upstream of the slurry blender discharge pump P4, A valve Vg may be present on
second DFR/HVDFR concentrate line 15SB, for controlling flow of DFR/HVDFR concentrate
therethrough.

{8055] As noted above, a system of this disclosure can further comprise: (iii) a line fluidly
connecting the DFR/HVDFR. concentrate production apparatus with the slurry blender discharge
line downstream of the sturry blender discharge pump and upstream of the shurry blender discharge
manifold and/or into the slurry blender discharge manifold, whereby the DFR/HVDFR concentrate
is mtroduced into the shurry in the slurry blender discharge line and/or the slurry blender discharge
manifold to provide the shurry comprising DFR/HVDFR.  For example, as depicted in the
embodiment of Figure 1 and the embodiment of Figure 4, which is a schematic of a BFR/HVDFR
system IV, according to embodiments of this disclosure, system I and system IV of this disclosure
comprise third DFR/HVDFR concentrate line 15C that fhuidly connects the DFR/HVDFR
concentrate production apparatus 10 with the sharry blender discharge manifold 35, whereby the
DFR/HVDFR concentrate can be introduced into the slurry blender discharge manifold 35
Alternatively, or additionally, third DFR/HVDFR concentrate line 15C can fluidly connect
DFR/HVDFR concentrate production apparatus 10 with slurry discharge pump outlet line 28 (e g,
downstream of the slurry blender discharge pump P4 and upstream of the shurry blender discharge
manifold 35). A valve V¢ may be present on third DFR/HVDFR concentrate line 15C, for
controlling flow of DFR/HVDFR concentrate therethrough.

{0056] As noted above, a system of this disclosure can further comprise: (iv) a line fluidly
connecting the DFR/HVDFR concentrate production apparatus with the slurry blender discharge
manifold cutlet line downstream of the shurry blender discharge manifold and upstream of the HHP

suction side discharge manifold and/or into the HHP suction side discharge manifold, whereby the
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DFR/HVDFR concentrate 15 introduced into the slurry in the slurry blender discharge manitold
outlet line and/or the HHP manifold to provide the slurry comprising BDFR/HVDFR. For example,
as depicted in the embodiment of Figure | and the embodiment of Figure S, which is a schematic
of'a DFR/HVDFR system V, according to ernbodiments of this disclosure, systern T and system V
of this disclosure comprise fourth DFR/HVDFR concentrate line 15D that fluidly connects the
DFR/HVDFR concentrate production apparatus 10 with the HHP suction side discharge manifold
45, whereby the DFR/HVDFR concentrate can be introduced nto the HHP suction side discharge
manifold 45 Alternatively, or additionally, a fourth DFR/HVDFR concentrate line 15D can
fluidly connect DFR/HVDFR concentrate production apparatus 10 with slurry blender discharge
manifold outlet line 29 (e.g., downstream of the slurry blender discharge manifold 35 and upstream
of the HHP suction side discharge manifold 45} A valve Vp may be present on first DFR/HVDFR
concentrate line 15D, for controlling flow of DFR/HVDEFR concentrate therethrough.

{8057} To embodiments, a system of this disclosure comprises a combination of zero, one, or a
plarality of each of (i) through (iv), and thus can comprise a combination and/or a plurality of first
DFR/HVDFR concentrate line(s) 15A, second DFR/HVDFR concentrate hne(s)y 158, third
DFR/HVDFR concentrate line(s) 15C, and/or fourth DFR/HVIDFR concentrate line(s) 15D,

{0058 Also disclosed herein is a method for adding the slurry comprising DFR/HVDFR into a
subterranean formation.  According to this disclosure, a method of placing a shirry comprising
DFR/HVDFR into a formation penetrated by a wellbore comprises forming a slurry comprising an
aqueous-based fluid and a proppant, forming a slurry stream comprising DFR/HVDFER, and
introducing the slurry stream comprising DFR/HVDFR into the formation via the wellbore.

{0059] fn embodiments, forming the slurry comprises introducing a dry material comprising
the proppant and/or a dry additive and the aquecus-based fluid into a slurry blender. For example,
with reference back to the embodiment of Figure 1, torming the slurry can comprise introducing a
dry, solids material via solids inlet line 22 and an aqueous based tluid in aqueous based fluid inlet
line 24A into slurry blender 20, The aqueous based fluid in line 24A can be obtained by
introducing the aqueous based fluid into a sturry blender suction manifold 25 via an aqueous based
fhaid line 24, pumping the aqueous based fluid from the shurry blender suction manifold 25 into the
slurry bender 20 via aqueous based fluid inlet line 24B. One or more additives or additional

components can be added directly into slurry blender 20 via other component inlet line 23A and/or
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indirectly into slurry blender 20 via introduction of the other component into aqueous based fluid
inlet line 24 A via other component inlet line 23B.

10060] Forming a slurry stream comprising DFR/HVDFR can comprise forming a
DFR/HVDFR concentrate via DFR/HVDFR production unit 10, as described hereinabove and
detatled further hereinbelow. In embodiments, the DFR/HVDFR concentrate has a concentration
of DFR/HVDFR that is at least 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 times a desired
DFR/HVDFR concentration in the shurry (e.g., to be introduced {e.g., pumped via HHP) into the
formation).

106061} Combining DFR/HVDFR with the amount of water to provide the DFR/HVDER
concentrate can further comprise mixing water with the DFR/HVDFR in pre-gel blender mixer 13
to form the DFR/HVDFR concentrate and removing the DFR/HVDFEFR concentrate from the mixer
13. Forming the DFR/HVDFR concentrate in DFR/HVDFR concentrate production unit 10 can
comprise introducing DFR/HVDFR (e g, dry and/or powdered DFR/HVDFR), via DFR/HVDER
inlet line 12, and water via water inlet line 11, pre-gel suction pump P1, and first pump P1 outlet
fine 11A, into mixer 13, wherein mixer 13 mixes the DFR/HVDFR and the water, and removing a
DFR/HVDFR concentrate from mixer 13 via pre-gel mixer outlet line 14. Second pump P1 outlet
line 11B can be utilized to add additional water into pre-gel mixer outlet line 14 via pre-gel blender
suction pump P1.

[0062] As discussed hereinabove, in embodiments, hydration unit 17 is absent from the system
or 1s bypassed completely or in part via hydration unit bypass line 14B. In such embodiments, the
method may not comprise allowing the DFR/HVDFR concentrate to hydrate in & hydration unit 17
for a hydration residence time. For example, m embodiments, hydration umt 17 1s absent or
bypassed completely, and all of the BFR/HVDFR concentrate in pre-gel mixer cutlet line 14 is not
mtroduced mnto a hydration unit 17. In some such embodiments, the DFR/HVDFR concentrate in
pre-gel mixer outlet line 14 (which can be the same, in this embodiment, as hydration unit bypass
line 14B) has a pressure substantially equal to pressure P', described hereinabove, and can
comprise the DFR/HVDFR concentrate from DFR/HVDFR concentrate line 15 passed
downstream via first DFR/HVDFR concentrate line 15A, second DFR/HVDFR concentrate line
1SB, third DFR/HVDFR concentrate line 15C, and/or fourth DFR/HVDFR concentrate Hine 15D,
In such embodiments, the DFR/HVDFR concentrate in DFR/HVDFR concentrate line 15 can have
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a pressure substantially equal to that of P'. Accordingly, pre-gel blender suction pump P1 can be
selected to provide a sufficient pressure for introducing the BFR/HVIDFR concentrate downstream.
{0063} Alternatively, during forming of the DFR/HVDFR concentrate, at least a portion of the
DFR/HVDFR coucentrate in hydration unit bypass line 14B is introduced wnto pre-gel blender
discharge pump P2 via pre-gel discharge pump P2 non-bypass line 14C. In embodiments, all of
the DFR/HVDFR councentrate in hydration unit bypass line 14B is introduced into pre-gel blender
discharge pump P2, whereby the pressure is increased by a pressure increase AP trom pressure P!
to a pressure P". Accordingly, in such embodiments, the DFR/HVDFR concentrate in
DFR/HVDFR concentrate line 15 can have a pressure substantiaily equal to that of P™. In other
embodiments, a portion less than the entirety of the DFR/HVDFR concentrate in hydration unit
bypass line 14B ts introduced mnto pre-gel blender discharge pump P2, In such embodiments, the
DFR/HVDFR concentrate in DFR/HVDFR concentrate line 15 can have a pressure between P' and
P". In such embodiments, pre-gel blender suction pump P1 and/or pre-gel blender discharge pump
P2 and/or an amount of DFR/HVDFR concentrate that bypasses pre-gel blender discharge pump
P2 can be selected/operated to provide a sufficient pressure for ntroducing the DFR/HVDFR
concentrate downstream.

{0064} Alternatively, during forming of the DFR/HVDFR concentrate at least a portion of the
DFR/HVDFR in pre-gel mixer outlet line 14 is introduced into a hydration unit 17, In
embodiments, a residence time in hydration umt 17 is less than about 120, 360, 600, or 3600 s. In
such embodiments, the DFR/HVDFR from hydration umit 17 can be introduced wnto pre-gel
blender discharge pump P2, whereby the pressure can be increased by AP to pressure P". In
embodiments, as noted above, hydration unit 17 1s operated at atmospheric pressure, and P™ i
substantially equal to Pary + AP, In embodiments wherein all of the DFR/HVDFR in pre-gel
mixer outlet line 14 is introduced into hydration tank 17, the pressure of the DFR/HVDFR
concentrate in DFR/HVDFR concentrate line 15 is substantially equal to P™.  In embodiments
wherein a portion of the DFR/HVDFR in pre-gel mixer outlet line 14 bypasses the hydration unit
17 and a portion enters the hydration unit 17, and the portion that bypasses the hydration unit 17
via hydration unit bypass line 14B also bypasses pre-gel blender discharge pump P2 via pump P2
bypass line 14D, a pressure of the DFR/HVDFR concentrate in DFR/HVDFR concentrate line 15
can be between P' and P" (e.g, between P' and (AP + Panv}). In such embodiments, pre-gel

blender suction pump Pl and/or pre-gel blender discharge purop P2 and/or an amount of
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DFR/HVDFR concentrate that bypasses hydration unit 17 and/or pre-gel blender discharge pump
P2 can be selected/operated to provide a sufficient pressure for mntroducing the DFR/HVDFR
concentrate downstream.

[0065] In embodiments, such as depicted in Figure 2, wherein the system of this disclosure
comprises (1) a line fluidly connecting the DFR/HVDFR concentrate production apparatus 10 with
the slurry blender, forming a slurry stream comprising DFR/HVDFR comprises:  forming a
DFR/HVDFR concentrate by combining DFR/HVDFR with an amount of water; adding the
DFR/HVDFR concentrate into the slurry in the slurry blender at a point beneath an elevation at
which solid material from solids inlet line contact the aqueous fluid (e.g., the slurry) in the shurry
blender; and removing the slurry stream comprising DFR/HVDFR from the shurry blender. For

~5

example, with reference to Figure 2, in embodiments, forming the slurry stream comprising
DFR/HVDFR comprises forming a DFR/HVDFR concentrate in DFR/HVDFR concentrate line 15
by combining DFR/HVDFR with an amount of water, as detailed herein; adding the DFR/HVDFR
concentrate into the slurry in the shurry blender 20; and removing the shurry stream comprising
DFR/HVDFR from the slurry blender 20 wia slurry blender discharge line 27 In such
embodiments, forming the BFR/HVDFR concentrate can comprise forming the DFR/HVDFR at a
pressure greater than a pressure of slurry blender 20, In embodiments, adding the DFR/HVDFR
concentrate into the slurry in the shurry blender 20 comprises adding the DFR/HVDFR concentrate
from first DFR/HVDFR concentrate line 15A via slurry blender drain 26 and valve V4. In such
embodiments, the DFR/HVDFR is primarily only subjected to shear (upstrears of the HHP) in any
pumps {e.g., first pump P1 and/or second pump P2} of DFR/HVDFR concentrate production unit
10 to which it 1s introduced, within slurry blender 20, and any pumps downstrearn of slurry blender
20 to which 1t is introduced. In embodiments, the DFR/HVDFR is subjected to shear in pre-gel
discharge pump P2 and not in a pre-gel suction pump P1. Also, the DFR/HVDFR production unit
10 can, in such embodiments, be operable to provide a suitable pressure of the DFR/HVDFR
concentrate for introduction into slurry blender 20 (i.¢, greater than a pressure of slurry blender
20).

{6066} In embodiments, forming a slurry stream comprising DFR/HVDFR comprises:
forming a DFR/HVDFR concentrate by combining DFR/HVDFR with an amount of water, as
described herein; removing a slurry stream from the slurry blender; and adding the DFR/HVDFR

concentrate into the slurry strearn to provide the slurry stream comprising DFR/HVDFR. In such



WO 2021/055023 PCT/US2020/032009

embodiments, forming the slurry stream comprising DFR/HVDFR comprises forming a
DFR/HVDFR concentrate in DFR/HVDFR concentrate line 15 by combining DFR/HVDFR with
an amount of water, and removing a slurry stream from shurry blender 20, as detailed herein, and
adding the DFR/HVDFR concentrate fromm DFR/HVDFR concentrate line 15 nto the shurry stream
withdrawn from slurry blender 20 to provide the slurry stream comprising DFR/HVDFR. In such
embodiments, the DFR/HVDFR is primarily only subjected to shear (upstrears of the HHP) in any
pumps {e.g., contact within pre-gel suction pump P1 and/or pre-gel blender discharge pump P2} of
DFR/HVDFR concentrate production unit 10 and any pumps downstream of slurry blender 20 to
which it 1s tntroduced. Also, the DFR/HVDFR production unit 10 can, tn such embodiments, be
operable to provide a suitable pressure of the DFR/HVDFR concentrate for introduction
downstream of shlurry blender 20 (i.e, greater than a pressure of a location to which the
DFR/HVDFR concentrate is introduced, as described further hereinbelow) In some such
embodiments, only a single pump (e g., pre-gel suction pump P1) is utihized 10 DFR/HVDER
production unit 10, In other such embodiments, two pumps {(e.g., pre-gel blender suction pump P1
and pre~gel blender discharge pump P2) are wtilized in DFR/HVDFR production unit 10, In
embodiments, the DFR/HVDFR is subjected to shear in pre-gel discharge pump P2 and not in a
pre-gel suction pump PL.

{6067} In some embodiments comprising forming the slurry stream comprising DFR/HVDFR
by: forming a DFR concentrate by combining DFR with an amount of water, removing a slurry
stream from the slurry blender, and adding the DFR concentrate into the slurry stream to provide
the slurry stream comprising DFR, removing the slurry stream from the slurry blender can
comprise pumping the slurry stream from the shurry blender 20 to a slurry blender discharge
manifold 35 via a slurry blender discharge pump P4 and can further comprise introducing the
slurry stream from the slurry blender discharge manifold 35 into an HHP manifold 45.

10068] In embodiments, such as depicted in Figure 3, a system of this disclosure comprises (it)
a line fluidly connecting the DFR/HVDFR concentrate production apparatus with the slurry
blender discharge line upstream of the shurry blender discharge pump, whereby the DFR/HVDFR
concentrate is introduced into the slurry in the slurry blender discharge line to provide the slurry
comprising DFR/HVDFR. o such embodiments, adding the DFR/HVDFR concentrate into the
slurry stream to provide the slurry stream comprising DFR/HVDFR can comprise:  adding the

DFR/HVDFR concentrate from DFR/HVDFR concentrate line 15 into the slurry strearn upstream
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of the slurry blender discharge pump P4 via second DFR/HVDFR concentrate line 15B. In such
embodiments, the DFR/HVDFR is primarily only subjected to shear (upstream of HHP) in any
pumps (e.g., pre-gel suction pump P1 and/or pre-gel blender discharge purmp P2) of DFR/HVDFR
production unit 10 and within slurry blender discharge pump P4, Also, the DFR/HVDFR
production unit 10 can, in such embodiments, be operable to provide a pressure of the
DFR/HVDFR i DFR/HVDFER concentrate line 15 and second DFR/HVDFER concentrate line 158
greater than a pressure of the slurry blender discharge line 27. In some such embodiments, only a
single pump (e.g., pre-gel suction pump P1) is utilized in DFR/HVDFR production unit 10. In
other such embodiments, two pumps (e.g., pre-gel blender suction pump Pl and pre-gel blender
discharge pump P2) are utilized in DFR/HVDFR production umit 10 In embodiments, the
DFR/HVDFR is subjected to shear in pre-gel discharge pump P2 and not in a pre-gel suction pump
Pl

[0069] In embodiments, such as depicted in Figure 4, a system of this disclosure comprises
{1i1) a line thuidly connecting the DFR/HVDFR concentrate production apparatus with the slurry
blender discharge line downstream of the slurry blender discharge purnp and upstream of the slurry
blender discharge manifold and/or into the slurry blender discharge manifold.  In such
embodiments, adding the DFR/HVDFR concentrate into the slurry stream to provide the shurry
stream comprising DFR/HVDFR can comprise:  adding the DFR/HVDFR concentrate from
DFR/HVDFR concentrate line 15 into the slurry stream downstream of the slurry blender
discharge pump P4 and upstream of and/or directly into the slurry blender discharge mamifold 35
{e.g., via third DFR/HVDFR concentrate line 15C). In such embodiments, the DFR/HVDFR is
primartly only subjected to shear (upstream of HHP) in any pumps (e.g, pre-gel suction pump Pl
and/or pre-gel blender discharge pump P2} of DFR/HVDER production unit 10 and slurry blender
discharge pump P4. Also, the DFR/HVDFR production umt 10 can, in such embodiments, be
operable to provide a pressure of the DFR/HVDFR concentrate in DFR/HVDFR concentrate ling
15 and third DFR/HVDFR concentrate line 15C greater than a pressure of the slurry blender
discharge pump outlet line 28 {(in embodiments in which the DFR/HVDFR concentrate is added
from third DFR/HVDFR concentrate line 15C into the shurry stream downstream of the shurry
blender discharge pump P4 and upstream of the slurry blender discharge manitold 35) or the
greater than a pressure of slurry blender discharge manifold 35 (in embodiments in which the

DFR/HVDFR concentrate is added via third DFR/HVDFR concentrate line 15C directly into the
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slurry blender discharge manifold 35). In some such embodiments, only a single pump (e g, pre-
gel suction pump P1) s utilized tn DFR/HVDFR production unit 10, In other such embodiments,
two pumps (e.g., pre-gel blender suction pump P1 and pre-gel blender discharge pump P2) are
utiized 10 DFR/HVDFR production unit 10. In embodiments, the DFR/HVDFR is subjected to
shear in pre-gel discharge pump P2 and not in a pre-gel suction pump P1.

{6070} In embodiments, such as depicted in Figure 5, a system of this disclosure comprises (iv)
a line fluidly connecting the DFR/HVDFR concentrate production apparatus with the slurry
blender discharge manifold outlet line downstream of the slurry blender discharge manifold and
upstream of the HHP suction side discharge manifold and/or into the HHP suction side discharge
manifold, whereby the DFR/HVDFR concentrate is introduced into the slurry in the slurry blender
discharge manifold outlet line and/or the HHP manifold to provide the slurry comprising
DFR/HVDFR. In such embodiments, adding the DFR/HVDFR concentrate into the slurry stream
to provide the sturry stream comprising DFR/HVDFR can comprise:  adding the DFR/HVDER
concentrate from DFR/HVDFR concentrate line 15 into the slurry stream downstream of the shurry
discharge manifold 35 and upstreamn of and/or directly into the HHP suction side discharge
manifold 45 {e.g, via fourth DFR/HVDFR concentrate line 15D).  In such embodiments, the
DFR/HVDFR is primarily only subjected to shear in any pumps {e.g., pre-gel suction pump P1
and/or pre-gel blender discharge pump P2) of DFR/HVIDFR concentrate production unit 10 and
shurry blender discharge pump P4, Also, the DFR/HVDFR concentrate production unit 10 can, in
such embodiments, be operable to provide a pressure of the DFR/HVDFR concentrate in
DFR/HVDFR concentrate line 15 and fourth DFR/HVDFR concentrate line 15D greater than a
pressure of the slurry blender discharge manifold outlet line 29 (in embodiments 1n which the
DFR/HVDFR concentrate is added from fourth DFR/HVDFR concentrate line 15D into the slurry
stream downstream of the slurry blender manifold 35 and upstream of the HHP manifold 45) or
greater than a pressure of HHP suction side discharge manifold 45 (in embodiments in which the
DFR/HVDFR concentrate is added from fourth DFR/HVDFR. concentrate line 15D directly into
the HHP suction side discharge manifold 45). In some such embodiments, only a single pump
{e.g., pre-gel suction pump P1} is utilized in DFR/HVDFR production unit 10, In other such
embodiments, two pumps {e.g., pre-gel blender suction pump Pl and pre-gel blender discharge
pump P2} are utilized in DFR/HVDFR production unit 10. In embodiments, the DFR/HVDFR is

subjected to shear n pre-gel discharge purop P2 and not in a pre-gel suction pump P1.
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{60671} As noted hereinabove, in embodiments, a combination and/or a plurality of first
DFR/HVDFR  concentrate line 15A, second DFR/HVDFR concentrate ling 15B, thud
DFR/HVDFR concentrate line 15C, and/or fourth DFR/HVDFR concentrate line 13D is utilized to
introduce the DFR/HVDFR concentrate nto the slurry.  To embodiments, the DFR/HVDFR
concentrate is not subjected to shear in slurry blender suction pump P3 utilized to introduce the
aqueous fluid to the slurry blender 20, the slurry blender 20, or slurry blender discharge pump P4
utilized to pump slurry from the slurry blender 20 to slurry blender discharge manifold 35, In the
embodiments of Figure 1 through Figure 5 (and Figure 6, described further hereinbelow), the
DFR/HVDFR is not subjected to shear in a slurry blender suction pump P3. Inthe embodiments of
Figure 2 through Figure 5, the DFR/HVDFR is not subjected to shear in a slurry blender suction
pump P3 or in slurry blender 20, In the embodiments of Figure 4 and Figure 5, the BFR/HVDFR
is not subjected to shear in a slurry blender suction pump P3, in slurry blender 20, or in slurry
blender discharge pump P4

{6672] In some embodiments comprising adding the DFR/HVDFR concentrate from
DFR/HVDFR concentrate line 15 into the slurry stream upstream of the slurry blender discharge
pump P4 via second DFR/HVDFR concentrate line 15B, the DFR/HVDFR concentrate can be
injected into the slurry stream at a pressure greater than the suction pressure of the shurry blender
discharge pump P4. In some embodiments comprising adding the DFR/HVDFR concentrate from
DFR/HVDFR concentrate line 15 into the slurry stream downstream of the slurry blender
discharge pump P4 and upstream of and/or directly into the slurry blender discharge mamifold 35
(e.g., via third DFR/HVDFR concentrate line 15C}, the DFR/HVDFR concentrate can be added to
the slurry stream at a pressure greater than the pressure of the slurry blender discharge manifold 35
In some embodiments comprising adding the DFR/HVDFR concentrate from DFR/HVDFR
concentrate line 15 mnto the slurry stream downstream of the slurry discharge manitold 35 and
upstream of and/or directly into the HHP suction side discharge manifold 45 {e.g, via fourth
DFR/HVDFR concentrate line 15D), the DFR/HVDFR concentrate can be added to the slurry
stream at a pressure greater than the pressure of the slurry blender discharge manifold 35 In some
embodiments, the DFR/HVDFR concentrate is added to the slurry stream partly by adding the
DFR/HVDFR concentrate from DFR/HVDFR concentrate fine 15 into the shurry stream upstrear
of the slurry blender discharge pump P4 via second DFR/HVDFR concentrate line 15B, wherein

the DFR/HVDFR concentrate can be injected into the slurry strears at a pressure greater than the
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suction pressure of the slurry blender discharge pump P4 and/or at a pressure greater than the
slurry blender suction manifold 35; and partly by adding the DFR/HVDFR concentrate from
DFR/HVDFR concentrate line 1S into the slurry stream downstream of the slurry blender
discharge pump P4 and upstream of and/or directly into the slurry blender discharge manifold 35
{e.g., via third DFR/HVDFR concentrate line 15C), wherein the DFR/HVDFR concentrate can be
added to the slurry stream at a pressure greater than the pressure of the slurry blender discharge
manifold 35; and/or adding the DFR/HVDFR concentrate from DFR/HVDFR concentrate line 15
into the slurry strearm downstream of the slurry discharge manifold 35 and upstream of and/or
directly into the HHP suction side discharge manifold 45 (e.g, via fourth DFR/HVDFR
concentrate line 15D), wherein the DFR/HVDFR concentrate can be added to the slurry stream at a
pressure greater than the pressure of the shurry blender discharge manifold 35.

18073} In embodiments comprising adding the DFR/HVDFR concentrate into the shurry stream
downstream of the slurry blender discharge pump P4 and vpstreamn of and/or directly into the
slurry blender discharge manifold 35, and/or adding the DFR/HVDFR concentrate into the sharry
stream downstream of the slurry blender discharge manifold 35 and upstream of and/or directly
into the HHP suction side discharge mantfold 45, the DFR/HVDFR concentrate ts not subjected to
pumping shear associated with slurry blender suction pump P3 configured to introduce the
aqueous-based fluid into the slurry blender 20, pumping shear assoctated with the slurry blender
discharge pump P4, or shear associated with an agitator 21 of the slurry blender 20

{6674} As noted above, in embodiments, formung a slurty stream comprising DFR/HVDFR
comprises: introducing DFR/HVDFR, in dry powder form, into the shurry blender and removing
the shurry stream comprising DFR/HVDFR. from the slurry blender. For example, as depicted in
Figure 6, forming the slurry stream comprising DFR/HVDFR can comprise introducing
DFR/HVDFR, in dry powder form, into the slurry blender 20 via dry, powdered DFR/HVDFR
storage unit 50 and removing the shurry siream comprising BFR/HVDFR from the slurry blender
20 via sturry blender outlet line 27.

{6075) As noted hereinabove, forming the slurry stream can be effected via a combination of:
forming a DFR/HVDFR concentrate by combining DFR/HVDFR with an amount of water; adding
the DFR/HVDFR concentrate 1nto the slurry in the slurry blender at a poiut beneath an elevation at
which solid material from solids inlet line contact the aqueous fluid (e.g., the slurry) in slurry

blender, and removing the slurry stream comprising DFR/HVDFR from the slurry blender;
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forming a DFR/HVDFR concentrate by combining DFR/HVDFR with an amount of water,
removing a slurry stream from the slurry blender, and adding the DFR/HVDFR concentrate into
the slurry stream to provide the slurry stream comprising DFR/HVDFR; and/or introducing
DFR/HVDFR, m dry powder form, into the slurry blender and removing the slurry stream
comprising DFR/HVDFR from the slurry blender.

{0676} In embodiments, introducing the shurry stream comprising DFR/HVDFR into the
formation comprises pumping the slurry stream or the shurry stream comprising DFR/HVDFR
from the slurry blender 20 to the shurry blender discharge manifold 35 via the slurry bender
discharge pump P4, and pumping the shurry stream comprising DFR/HVDER from the shurry
blender discharge manitold 35 into the formation via one or more high horsepower punmps (HHP)
{e.g, HHP1, HHP2, HHP3) associated with HHP suction side discharge manifold 45.

{6077} In embodiments, the one or more HHP comprise positive displacement pumps. In
embodiments, the one or more HHP comprise sequential multistage pumps. The one or more HHP
can operate during the pumping of the slurry stream comprising DFR/HVDFR at a pressure of
greater than or equal to about 3,000 psi, 5,000 psi, 10,000 psi, 20,000 psi, 30,000 psi, 40,000 pst, or
50,000 psi, in embodiments. In embodiments, {each or the combination of} the one or more HHP
operate during the puraping of the slurry stream comprising DFR/HVDFR at a volumetric flow
rate of greater than or equal to about greater than or equal to about 3, 6, 20, 50, 80, 120 or 150
barrels per minute (BPM), or in a range of from about 1 to about 150, from about 50 to about 120,
or from about 3 to about 150 BPM.

{0078} As described hereinabove, in embodiments, the DFR/VDFR is mixed to make a
DFR/HVDFR concentrate on-the-fly, for example, by using a pre-gel blending unit.  As shown in
FiG. 7A, which depicts the addition of proppant into water; FIG. 7B, which depicts the addition of
proppant into 35 1by/1,000 gal guar linear gel; and FIG. 7C, which depicts the addition of proppant
into 9 1by/1,000 gal HVDFR, and as discussed herein, the addition of proppant into DFR/HVDFR
and water {e.g, as depicted in Figure 7C) results in air entrainment by the HVDFR/DFR, which
degree of air entrainment is not seen via the addition of proppant to water in the absence of
DFR/HVDFR (e.g., as depicted in Figure 7A) or to linear guar gels (e.g., as depicted in Figure 7B)
commonly used in fracturing operations.  Accordingly, according to embodiments of this
disclosure, DFR/HVDFR is added, by way of a DFR/HVDFR concentrate, downstream from a

location where proppant 15 added to tform a slurry, such that air entrainment is mitigated.
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{6079} Those of ordinary skill in the art with the benefit of the present disclosure will readily
appreciate various benefits that may be realized by the present disclosure. For instance, in
embodiments, the herein disclosed system and method provide for increased efficiency of a slurry
blender discharge purop P4 and/or increased viscosity of a slurry containing DFR/HVDFR such
that a higher level (e.g., density) of solids {e.g., proppant} can be carried thereby.
{0080} Current hquad FRs are inefficiently delivered to the field, resulting in a higher total cost
of use. For example, a road legal delivery of liquid FR is about 4000 gallons, which contain about
12,000 pounds {(Ib) of polymer, as one gallon of iquid FR typically contains about 3 1b of active
polymer. Thus, a road legal delivery of liquid ¥R typically comprises about 12,000 Ib of
polymer/delivery.  In contrast, a road legal delivery of DFR/HVDFR 15 35,000 lbs, which is
approximately three times as much as a liquid delivery.  Accordingly, utilizing a DFR/HVDFR as
per the herein disclosed system and method can result in minimizing logistics cost and time, which
can thus lead to higher margins latitude, which may enable tugher market share and/or higher profit
Margins.

EXAMPLES
Example 1: Discharge Manifold Method of Figure 5 {and Figure I, 13D}
{0081} In embodiments, the DFR/HVDFR concentrate can be injected into the discharge
manifold 35 of the downhole slurry blender 20. By utilizing this “discharge manitold” method, the
rumber of shear points can be dramatically decreased. As noted hereinabove, conventional
methods subject the DFR/HVDFR containing fluid to four points of shear prior to the HHP. These
conventional points of shear include contact with the pre-gel centrifugal pump (e.g, pre-gel
discharge purap P2), contact with the shurry blender suction centrifugal pump (e.g, slurry blender
suction pump P3), contact with the agitator {e.g., agitator 21} of the shurry blender 20, and contact
with the slurry blender discharge centrifugal pump (e g, shurry blender discharge pump P4} With
the discharge manifold method described herein, the DFR/HVIDFR containing fluid (ie, the
DFR/HVDFR concentrate) contacts only one primary point of shear prior to the HHP. This single
point of shear is contact with the pre-gel blender discharge pump P2.
{6082] A set of experiments were performed using the modified injection method described
with reference to Figure 4 (and Figure 1 comprising third DFR/HVDFR concentrate ne 15C). A
fluid was pumped from the pre-gel blender unit 10 into the shurry blender discharge manifold 35.

The slurry blender discharge purop P4 was set at 80 psi and 80 barrels per minute (bpm). The pre-
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gel blender discharge pump P2 was set at 90 psi, such that the discharge pressure of the pre-gel
blending unit 10 overcame the discharge pressure of the shurry blending discharge pump P4 to
attain the design DFR/HVDFR concentrate rate. Figure 8 shows the rig-up that was performed in
this Example.

{6083] Figure 9 is a plot of the discharge pressures and rates of the pre-gel blender discharge
pump P2 of this Example 1; and Figure 10A is a plot of the discharge pressures and rates of the
slurry blender discharge pump P4 of this Example 1; and Figure 10B is a combined plot of the
discharge pressures and rates of both the pre-gel blender discharge pump P2 and the slurry blender
discharge pump P4 of this Example 1. From the results in FIG. 9, FIG. 10A and FIG. 10B, it s
apparent that the pre-gel blender discharge pump P2 (B2 Discharge pressure) performs as
designed. Pre-gel blender discharge pump P2 was able to overcome the discharge pressure of the
slurry blender discharge pump P4 (B1 Discharge Pressure) and pump at the assigned set point. No
significant losses or fluctuations in rate were observed. Additionally, the discharge pressure of the
slurry blender discharge pump P4 does not see any fluctuations or losses in rate, indicating that this
rig-up method does not negatively affect the equipment.

{0084} A run with a comparative conventional rig-up was performed to compare the resulis
seen above. The DFR/HVDFR concentrate was injected in the conventional location, at the suction
manifold 25 of the slurry blender suction pump P3.

{0085] The slurry blender control software was set to provide the same discharge rate, 80 bpm.
However, this rate was not achieved due to the large air entrainment that was introduced by the
conventional method. Figure 11 is a plot of the discharge pressures and rates of the slurry blender
discharge pump P4 of the conventional, comparison rig-up of this Exarople 1. As seen in Figure
11, the discharge pressure and rate exhibit a large amount of fluctuation and losses as proppant is
mtroduced into the slurry blender 20.

Example 2: Slurry Drain Valve Method of Figure 2 (and Figare I, 154)

{0086} According to other embodiments of this disclosure, the DFR/HVDFR bypasses the
hydration tank 17 of the pre-gel blending unit 10 and the DFR/HVDFR concentrate is injected into
the fluid stream again at a point downstream of the point of sand/proppant addition. In
embodiments, the DFR/HVDER can be added from the bottom of and near the fluid exit of the
sturry blender 20 at a point which the proppant is already wetted by the fluid and air has escaped

from the fluid, via the blender tub drain 26 and blender tub drain valve V. Such a “drain vaive”
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embodiment is depicted in Figure 2 (and Figure 1 comprising first DFR/HVDFR concentrate line
15A).
{0087} A run with such a drain valve rig-up was performed in this Example 2. The
DFR/HVDFR concentrate was injected into the drain valve V, of slurry blender drain line 26.
Figure 12 is a plot of the discharge pressures and rates of the drain valve modified rig-up of
Example 2. Here, the discharge pressure of the sturry blender discharge pump P4 exhibits less
variation than the comparative, conventional method (see Example 1 and Figure 10). Additionally,
there 18 less variation to the discharge rate of the slurry blender discharge pump P4, Finally, as the
fluid does not go through the slurry blender suction pump P3, the fluid goes through one less point
of shear, leading to a higher final slurry viscosity.
Example 3:
{0088} In other embodiments of this disclosure, described hereinabove, dry (i.e., powdered} FR
material i3 added directly to the frac blender moang tub (e g, slurry blender 20) at the same point
of proppant (e.g., sand) addition to the process fluid. In this embodiment, both dry FR (dry
DFR/HVDFR) and sand/proppant can be added via free fall through air into the process fluid. This
process alternative is enabled for successful use by using a dry FR material whose activity
development timing 1s of the fast acting development rate type dry FR such that: air endrained into
the fluid when the sand/proppant enters the process fluid in the slurry blender 20 can escape before
the activity development of the dry FR, polymer, VES or tluid rheclogy modifier 1s able to change
the process stream fhuid to the extent that the change can cause mixing and pumping equipment to
function improperly; and the activity development rate is such that that desired resulting process
fluid properties are developed prior to the properties being required to evable the desired
application process outcome.
{60689] The Examples illustrate how the herein disclosed systems and methods for mixing and
introduction {g.g., injection) of DFR/HVDFR allow for blending DFR/HVDFR (e.g., dry polymer
friction reducer, such as for stimulation treatments) while using full scale equipment, polymer add
rate and fluid flow rates.

ADDITIONAL DISCLOSURE
{06690} The following are von-limiting, specific embodiments in accordance with the present

disclosure:
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{6091} Embodiment A: A method of placing a shurry stream comprising dry friction reducer
(DFR)} into a subterranean formation penetrated by a wellbore, the method comprising: forming a
slurry comprising an aqueous-hased fluid and a proppant, wherein forming the shurry comprises
introducing a dry material comprising the proppant or a dry additive and the aqueous-based fluid
into a shurry blender; forming a shurry stream comprising DFR by: (a) forming a DFR concentrate
by combining DFR with an amount of water; adding the DFR councentrate into the slurry in the
slurry blender, whereby the DFR concentrate is introduced into a location within the slurry blender
distant a location at which the dry material is added thereto; and removing the slurry stream
comprising DFR from the slurry blender; (b) forming a DFR concentrate by combining DFR with
an amount of water; removing a slurry stream from the slurry blender; and adding the DFR
concentrate into the slurry stream to provide the shurry stream comprising DFR; (¢} introducing
DFR, in dry powder form, into the slurry blender and removing the slurry stream comprising DFR
from the shurry blender; or (d) a combination of (a), (b), and/or {¢); and introducing the shurry
stream comprising DFR into the formation via the wellbore.

{06692} Embodiment B: The mwethod of Embodiment A, comprising (b), wherein removing the
shurry stream from the shurry blender comprises pumping the slurry stream from the slurry blender
to a slurry blender discharge manifold via a slurry blender discharge pump and mtroducing the
sturry stream from the shurry blender discharge manifold into an HHP manifold, and wherein
adding the DFR concentrate into the slurry stream to provide the slurry stream comprising DFR
comprises (i) adding the DFR concentrate into the slurry stream upstream of the slurry blender
discharge pump, (i) adding the DFR concentrate into the slurry stream downstream of the slurry
blender discharge pump and upstream of and/or directly into the slurry blender discharge manifold,
and/or {(iii) adding the DFR concentrate into the slurry stream in downstream of the slurry
discharge manifold and upstream of or directly into the HHP manifold.

{6093} Embodiment C: The method of Embodiment B: comprising (1}, wherein the DFR
concentrate 15 injected into the slurry stream at a pressure greater than the slurry blender discharge
pump suction pressure;, comprising (i1}, wherein the DFR concentrate is added to the shurry stream
at a pressure greater than the pressure of the shurry blender discharge manifold; comprising (ii1),
wherein the DFR concentrate is added to the shurry stream at a pressure greater than the pressure of

the slurry blender discharge manifold; and/or (iv}) wherein the DFR concentrate is added to the
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slurry stream partly by (i) and/or at a pressure greater than the sturry blender suction manifold and
partly by (it} and/or {ii1).

{0094} Embodiment D: The method of any of Embodiment A or Embodiment B comprising
(i1} adding the DFR concentrate into the shurry stream downstream of the slurry blender discharge
pump and upstream of and/or directly into the slurry blender discharge manifold, and/or (iii}
adding the DFR concentrate into the slurry stream in downstream of the slurry discharge manifold
and upstream of or directly into the HHP manifold, such that the DFR concentrate is not subjected
to pumping shear associated with a slurry blender suction pump configured to introduce the
aqueous-based fluid into the shurry blender, pumping shear associated with the slurry blender
discharge pump, or shear associated with an agitator of the slurry blender.

{0095} Embodiment E: The method of any of Embodiment A through Embodiment D,
wherein the DFR is a high viscosity dry friction reducer (HVDFR) defined as a DFR that
comprises a fluid which lowers the particle critical sedimentation velocity of the slurry.

{6096} Embodiment F:  The method of any of Embodiment A through Embodiment E,
wherein the DFR 1s a fast acting friction reducer.

{6097} Embodiment (o0 The method of any of Embodiment A through Embodiment F,
wherein the DFR is a fast acting friction reducer which achieves its active function in a time
iterval of less than or equal to (e.g., less than 60 seconds).

{6098} Embodiment H:  The method of any of Embodiment A through Embodiment G,
wherein the DFR is a fast acting fiiction reducer which achieves 80 percent or more of its ultimate
fluid friction reduction effect in a time interval of less than or equal to 60 seconds.

[6099] Embediment I The method of any of Embodirnent A through Embodiment H, wherein
the DFR is a fast acting friction reducer which achieves 80 percent or more of its ultimate fluid
viscosifying effect in a time interval of less than or equal to 60 seconds.

{00100] Embodiment J. The method of any of Embodiment A through Embodiment 1, wherein
the DFR is a solid material at ambient temperature and pressure.

{60101} Embodiment K:  The method of any of Embodiment A through Embodiment I,
wherein the DFR is an HVDFR comprising an associative entity capable of forming extended
structures in a fluid.

i80102] Embodiment L: The method of any of Embodiment A through Embodiment K,

wherein the HVDFR comprises a polymer.
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{60103} Embodiment M: The method of any of Embodiment A through Embodiment L,
wherein the HVDFER comprises polyacryviamide.

{00104] Embodiment N: The method of any of Embodiment A through Embodiment M,
wherein the proppant comprises sand, treated sand, ceramic materials, man made particles,
particles comprising a polymeric material, particles of material sourced from flora (plant kingdom},
particles comprising a corposite, particles comprising a primary structural material and a
secondary added material, or a combination thereof

{00105] Embodiment O: The method of any of Embodiment A through Embodiment N
comprising (a), wherein adding the DFR concentrate into the slurry in the sturry blender comprises
adding the DFR mnto the slurry blender at or near a bottom thereof.

{00106] Embodiment P The method of Embodiment OO, wherein adding the DFR into the
slurry blender at or near the bottom thereof comprises adding the DFR concentrate into the slurry
blender via a drain line thereot.

{60107] Embodiment Q. The method of any of Embodiment A through Embodiment P,
wherein the dry material comprises the proppant, and wherein introducing the proppant into the
slurry blender comprises gravity feeding of the proppant into the slurry blender.

{00108] Embodiment R The method of any of Embodiment A through Embodiment Q,
wherein introducing the slurry stream comprising DFR into the formation comprises punmping the
slurry stream or the slurry stream comprising DFR from the slurry blender to a slurry blender
discharge manifold via a slurry bender discharge pump, and pumping the slurry stream comprising
DFR from the shurry blender discharge manifold into the formation via one or more high
horsepower pumps (HHP) associated with an HHP suction side discharge manifold.

{060109] Embodiment 8 The method of Embodiment R, wherein the one or more high
horsepower pumps comprise positive displacement pumps.

{00118] Embodiment T: The method of any of Embodiment R or Embodiment 8, wherein the
one or more high horsepower pumps comprise sequential multistage pumps.

{60111} Embodiment U. The method of any of Embodiment R through Embodiment T,
wherein the one or more HHP operate during the pumping of the slurry stream comprising DFR at
a pressure of greater than or equal to about 3,000 psi, 5,000 psi, 10,000 psi, 20,000 psi, 30,000 psi,
40,000 pst, or 50,000 psi.
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{00112] Embodiment V: The method of any of Embodiment A through Embodiment U,
wherein the one or more HHP operate during the pumping of the slurry stream comprising DFR at
a volumetric flow rate of greater than or equal to about 3, 6, 20, 50, 80, 120 or 150 barrels per
minute (BPM), or in a range of from about 1 to about 150, from about 50 to about 120, or from
about 3 to about 150 BPM.

{00113} Ewbodiment W: The method of any of Embodirnent A through Embodiment V,
wherein the slurry stream comprising DFR is a fracturing fluid.

{00114] Embodiment X: The method of any of Embodiment A through Embodiment W,
wherein combining DFR with the amount of water to provide the DFR concentrate further
comprises mixing water with the DFR m a nuxer to form the DFR concentrate and removing the
DFR concentrate from the mixer.

{00115] Embodiment Y: The method of Embodiment X further comprising introducing the
DFR concentrate into a hydration unit, allowing the DFR in the DFR concentrate to hydrate for a
hydration residence time in the hydration unit, and removing the DFR concentrate that is now
hydrated from the hydration unit.

{00116] Embodiment Z1: The method of any of Embodiment A through Embodiment Y,
wherein the method does not comprise allowing the DFR concentrate to hydrate in a hydration unit
for a hydration residence time.

{00117] Embodiment Z2: The method of any of Embodiment A through Embodiment 71,
wherein the DFR concentrate is not subjected to shear in a shurry blender suction pump utihized to
mtroduce the aqueous fluid to the slurry blender, the slurry blender, or a slurry blender discharge
pump operable to purp slurry from the slurry blender to a slurry blender discharge manifold.
{00118] Embodiment Z3: A system for adding a shurry comprising dry friction reducer (DFR)
into a subterranean formation, the system comprising: a slurry blender comprising an agitator and
configured to produce a shurry comprising a proppant in an aqueous-based fluid; a slurry blender
suction pump fluidly connected with the slurry blender and with a slurry blender suction manifold
and operable to introduce the aqueous-based fluid from the shurry blender suction manifold into the
slurry blender; a slurry blender discharge pump fluidly connected via a shurry blender discharge
fine with an outlet of the slurry blender and operable to ntroduce slurry from the slurry blender
mnto a slurry blender discharge manifold; one or more high horsepower pumps (HHP) fluidly

connected via an HHP manifold and a slurry blender discharge mwanifold outlet line with the shurry
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blender discharge manifold and operable to inject the slurry from the HHP manifold into the
formation; and {(a) apparatus configured for introducing DFR tn dry, powdered form directly into
the shurry blender to produce the slurry comprising DFR that is removed from the shurry blender
via the slurry blender discharge line; and/or (b) DFR concentrate production apparatus configured
to provide a DFR concentrate comprising water and DFR, and (i) a line fluidly connecting the DFR
concentrate production apparatus with a dramm line of the slurry blender, whereby the DFR
concentrate is introduced into a bottom of the slurry blender, and the slurry comprising DFR is
removed from the slurry blender via the shurry blender discharge line, (11) a hine fluidly connecting
the DFR concentrate production apparatus with the slurry blender discharge line upstream of the
slurry blender discharge pump, whereby the DFR concentrate is introduced into the slurry in the
shurry blender discharge line to provide the slurry comprising DFR; (1i1) a line fluidly connecting
the DFR concentrate production apparatus with the slurry blender discharge line downstream of the
slurry blender discharge pump and upstream of the slurry blender discharge manifold and/or into
the slurry blender discharge manifold, whereby the DFR concentrate is introduced into the shurry in
the slurry blender discharge line or the slurry blender discharge maunifold to provide the slurry
comprising DFR; (iv) a line fluidly connecting the DFR concentrate production apparatus with the
slurry blender discharge manifold outlet line downstream of the slurry blender discharge manifold
and upstream of the HHP suction side discharge manifold and/or into the HHP suction side
discharge manifold, whereby the DFR concentrate 1s introduced into the slurry in the slurry blender
discharge manifold outlet line and/or the HHP manifold to provide the slurry comprising DFR; or
(v} a combination thereof.

[00119] Embodiment 74 The system of Embodiment 723, wherein the DFR concentrate
production apparatus configured to provide the DFR concentrate comprising water and DFR
further comprises a mixer configured to mix the DFR with the water to produce the DFR
concentrate and a pre-gel blender suction pump fluidly connected with the mixer and configured to
introduce water into the mixer.

{60120] Embodiment 25 The system of Embodiment 74, wherein the DFR concentrate
production apparatus further comprises a pre-gel blender discharge pump downstream of the mixer
and configured to purp the DFR concentrate downstream, and optionally a hydration unit fluidly

connected with and downstream of the mixer and fluidly connected with and upstream of the pre-
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gel blender discharge pump, wherein the hydration unit optionally comprises baffles and is
designed to allow a residence time for hydration of the DFR in the DFR concentrate.

{00121] Embodiment Z6: The system of any of Embodiment Z3 through 75, comprising {it),
(11}, {iv}, or a combination thereof.

{060122] Embodiment Z27. The system of any of Embodiment Z3 through 26, wherein the
system does not comprise a hydration unit designed to allow a residence time for hydration of the
DFR in the DFR concentrate.

{00123] Embodiment Z8: The system of any of Embodiment Z3 through 27 further comprising
a pump configured 1o increase the pressure of the DFR concentrate to a pressure sufficient (eg.,
greater than or equal to) a pressure of an apparatus or line into which the DFR concentrate is
introduced.

{80124] While embodiments have been shown and described, modifications thereof can be
made by one skilled in the art without departing from the spitit and teachings of this disclosure.
The embodiments described herein are exemplary only, and are not intended to be limiting. Many
variations and roodifications of the ernbodiments disclosed herein are possible and are within the
scope of this disclosure. Where numerical ranges or imitations are expressly stated, such express
ranges or linutations should be understood to include iterative ranges or limitations of like
magnitude falling within the expressly stated ranges or lumitations {e.g., from about 1 to about 10
includes, 2, 3, 4, etc; greater than 0.10 includes 0.11, 0.12, 0.13, etc ). For example, whenever a
numerical range with a lower liroit, Rl and an upper limit, Ru, is disclosed, any number falling
within the range is specifically disclosed. In particular, the following numbers within the range are
specifically disclosed: R=RI +k* (Ru-Rl), wherein k 15 a variable ranging from 1 percent to 100
percent with a | percent increment, i.e, k is 1 percent, 2 percent, 3 percent, 4 percent, 5 percent,
..... 50 percent, 51 percent, 52 percent, ....., 95 percent, 96 percent, 97 percent, 98 percent, 99
percent, or 100 percent. Moreover, any numerical range defined by two R numbers as defined in
the above 13 also specitically disclosed. Use of broader terms such as comprises, includes, having,
etc. should be understood to provide support for narrower terms such as consisting of, consisting
essentially of, comprised substantially of, etc.

{00125}  Accordingly, the scope of protection is not limited by the description set out above but
is only limited by the claims which follow, that scope including all equivalents of the subject

matter of the claims. Each and every claim 1s incorporated into the specification as an embodiment
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of the present disclosure. Thus, the claims are a further description and are an addition to the
embodiments of the present disclosure. The discussion of a reference herein ts not an admission
that it is prior art, especially any reference that may have a publication date after the priority date
of this application. The disclosures of all patents, patent applications, and publications cited herein
are hereby incorporated by reference, to the extent that they provide exemplary, procedural, or

other details supplementary to those set forth herein.
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CLAIMS
We claim:

L. A method of placing a slurry stream comprising dry friction reducer (DFR} mto a
subterranean formation penetrated by a wellbore, the method comprising:

forming a slurry comprising an aqueous-based fluid and a proppant, wherein forming the
slurry comprises introducing a dry rmaterial comprising the proppant and the agueous-based tluid
into a shurry blender;

torming a slurry stream comprising DFR by:

{a) forming a DFR concentrate by combining DFR with an amount of water; adding the
DFR concentrate into the slurry in the slurry blender, whereby the DFR concentrate is introduced
into a location within the slurry blender distant a location at which the dry matenal ts added
thereto; and removing the shurry stream comprising DFR from the slurry blender;

(b) forming a DFR concentrate by combining DFR with an amount of water; removing a
slurry stream from the slurry blender; and adding the DFR concentrate into the slurry stream to
provide the slurry strears comprising DFR;

(c) mtroducing DFR, in dry powder form, into the shurry blender and removing the shurry
stream comprising DFR. from the slurry blender; or

{(d) a combination of {a), (b}, and/or (¢}, and

introducing the slurry stream comprising DFR into the formation via the wellbore.

2. The method of claim 1, comprising (b}, wherein removing the slurry stream from the shurry
blender comprises puroping the slurry stream from the slurry blender to a slurry blender discharge
manifold via a slurry blender discharge pump and introducing the slurry stream from the slurry
blender discharge manifold into a high horsepower pump (HHP) manifold, and wherein adding the
DFR concentrate into the slurry stream to provide the slurry stream comprising DFR comprises (i)
adding the DFR concentrate into the slurry stream upstream of the slurry blender discharge pump,
(11} adding the DFR concentrate into the slurry stream downstream of the shurry blender discharge
pump and upstream of and/or directly into the slurry blender discharge manifold, and/or (i)
adding the DFR concentrate into the shurry stream downstrears of the slurry blender discharge

manifold and upstream of and/or directly into the HHP manifold.
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3. The method of claim 2:

comprising (1), wherein the DFR concentrate is injected into the slurry stream at a pressure
greater than the slurry blender discharge pump suction pressure;

coraprising (i), wherein the DFR concentrate is added to the shurry stream at a pressure
greater than the pressure of the shurry blender discharge manifold;

comprising {iit), wherein the DFR concentrate 15 added to the slurry stream at a pressure
greater than the pressure of the shurry blender discharge manifold; and/or

{(iv) wherein the DFR concentrate 15 added to the shlurry stream partly by (i) and/or at a

pressure greater than the shurry blender suction manifold and partly by (it) and/or (1i1).

4. The method of claim 2, comprising (11) adding the DFR concentrate into the slurry stream
downstream of the slurry blender discharge pump and upstream of and/or directly into the shurry
blender discharge manifold, and/or (i) adding the DFR concentrate into the shurry stream
downstream of the slurry blender discharge manifold and upstream of or directly into the HHP
manifold, such that the DFR concentrate is not subjected to puraping shear associated with a slurry
blender suction pump configured to introduce the aquecus-based fluid into the shurry blender,
pumping shear associated with the slurry blender discharge pump, or shear associated with an

agitator of the slurry blender.

S. The method of claim 1, wherein the DFR is a fast acting friction reducer.
6. The method of claim 1, wherein the DFR 15 a high viscosity dry friction reducer (HVDFR)

defined as a DFR that comprises a fluid which lowers the particle critical sedimentation velocity of

the slurry.

-3

The method of claim 6, wherein the HVDFR comprises a polymer.

8. The method of claim 1, wherein the proppant comprises sand, treated sand, ceramic
materials, man mwade particles, particles comprising a polymeric material, particles of material
sourced trom flora (plant kingdomy), particles comprising a composite, particles comprising a

primary structural material and a secondary added material, or a combination thereof.
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9. The method of claim 1 comprising (a), wherein adding the DFR concentrate into the slurry

in the slurry blender comprises adding the DFR into the slurry blender at or near a bottom thereof.

10. The method of claim 9, wherein adding the DFR into the slurry blender at or near the
bottom thereof comprises adding the DFR concentrate into the slurry blender via a drain line

thereof.

11. The method of claim 1, wherein the dry material comprises the proppant, and wherein
introducing the proppant into the slurry blender comprises gravity feeding of the proppant into the

slurry blender.

12. The method of claim 1, wherein introducing the slurry stream comprising DFR into the
formation comprises pumping the slurry stream or the slurry stream comprising DFR from the
slurry blender to a slurry blender discharge manifold via a slurry bender discharge pump, and
pumping the slurry stream comprising DFR from the slurry blender discharge manifold into the
formation via one or more high horsepower pumps (HHP) associated with an HHP suction side

discharge manifold.

13. The method of claim 12:
wherein the one or more high horsepower pumps comprise positive displacement pumps;
wherein the one or more high horsepower pumps comprise sequential multistage pumps;
wherein the one or more HHP operate during the pumping of the slurry stream comprising
DFR at a pressure of greater than or equal to about 3,000 psi; and/or
wherein the one or more HHP operate during the pumping of the slurry stream comprising

DFR at a volumetric flow rate in a range of from about 3 to about 150 BPM.
14. The method of claim 1, wherein combining DFR with the amount of water to provide the

DFR concentrate further comprises mixing water with the DFR in a mixer to form the DFR

concentrate and removing the DFR concentrate from the mixer.
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1S. The method of claim 1, wherein the method does not comprise allowing the DFR

concentrate to hydrate in a hyvdration unit for a hydration residence time.

16. The method of claim 1 wherein the DFR concentrate 15 not subjected to shear in a slurry
blender suction pump utilized to introduce the aqueous fluid to the shurry blender, the shurry
blender, or a slurry blender discharge pump operable to pump slurry from the slurry blender to a

shurry blender discharge manifold.

17. A system for adding a sharry comprising dry friction reducer (DFR) into a subterranean
formation, the system comprising;

a slurry blender comprising an agitator and configured to produce a slurry comprising a
proppant in an aquecus-based fluid;

a shurry blender suction pump thudly connected with the sturry blender and with a slurry
blender suction manifold and operable to introduce the aqueous-based fluid from the shurry blender
suction manifold into the slurry blender;

a slurry blender discharge pump fluidly connected via a shurry blender discharge line with
an outlet of the slurry blender and operable to introduce slurry from the slurry blender into a slurry
blender discharge manifold;

one or more high horsepower pumps (HHP) fluidly connected via an HHP manifold and a
slurry blender discharge mamifold outlet ine with the slurry blender discharge manifold and
operable to pump the slurry trom the HHP manifold into the formation; and

(a) apparatus configured for wtroducing DFR in dry, powdered form directly into the
slurry blender to produce the slurry comprising DFR that is removed from the slurry blender via
the slurry blender discharge line; and/or (b) DFR concentrate production apparatus configured to
provide a DFR concentrate comprising water and DFR, and (1) a line fluidly connecting the DFR
concentrate production apparatus with a drain line of the slurry blender, whereby the DFR
concentrate is introduced into a bottom of the slurry blender, and the slurry comprising DFR is
removed from the slurry blender via the slurry blender discharge line, (i1} a line thudly connecting
the DFR concentrate production apparatus with the slurry blender discharge line upstream of the
slurry blender discharge pump, whereby the DFR concentrate is introduced into the slurry in the

slurry blender discharge line to provide the slurry comprising DFR; (111} a line fluidly connecting

40



WO 2021/055023 PCT/US2020/032009

the DFR concentrate production apparatus with the slurry blender discharge line downstream of the
slurry blender discharge pump and upstream of the shurry blender discharge manifold and/or into
the sturry blender discharge manifold, whereby the DFR concentrate is introduced into the slurry in
the sturry blender discharge line or the slurry blender discharge manifold to provide the slurry
comprising DFR; (iv} a line fluidly connecting the DFR concentrate production apparatus with the
slurry blender discharge manifold outlet line downstream of the shurry blender discharge manitold
and upstream of the HHP suction side discharge manifold and/or into the HHP suction side
discharge manifold, whereby the DFR concentrate is introduced into the shurry in the shurry blender
discharge manifold outlet line and/or the HHP manifold to provide the shurry comprising DFR; or

(v} any combination of (1} to (iv).

I8. The system of claim 17, wherein the DFR concentrate production apparatus configured to
provide the DFR concentrate comprising water and DFR turther comprises a mixer configured to
mix the DFR with the water to produce the DFR concentrate and a pre-gel blender suction pump

fluidly connected with the mixer and coufigured to introduce water into the mixer.

19. The system of claim 18, wherein the DFR concentrate production apparatus further
comprises a pre~-gel blender discharge pump downstream of the mixer and configured to pump the
DFR concentrate downstrearm, and optionally a hydration unit fluidly connected with and
downstream of the mixer and fluidly connected with and upstream of the pre-gel blender discharge
pump, wherein the hydration unit optionally comprises baffles and is designed to allow a residence

time for hydration of the DFR in the DFR concentrate.

20, The system of claim 17, wherein the system does not comprise a hydration unit designed to

allow a residence tume for hydration of the DFR in the DFR concentrate.
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