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I. MANDATORY NOTICES

Real Party in Interest: Liberty Energy Services LLC, Liberty Energy Inc.

(collectively, “Liberty” or “Petitioners”), and Liberty Advanced Equipment

Technologies LLC are the real parties in interest.

Related Matters: U.S. Patent No. 11,009,162 (“the *162 Patent”) is involved

in a pending lawsuit between Petitioners and U.S. Well Services, LLC (“Patent

Owner,” or “PO”) entitled ProFrac Services, LLC et al. v. Liberty Energy Services

LLC et al. (E.D. Tex.) (“Liberty Litigation”).

Lead Counsel and Back-Up Counsel: Petitioners designate lead and back-up

counsel as noted below. A Power of Attorney is filed concurrently herewith under

37 C.F.R. §42.10(b).

Lead Counsel

Backup Counsel

Chad C. Walters, Reg. No. 48,022
Baker Botts L.L.P.

2001 Ross Ave., Suite 900
Dallas, TX 75201-2980

Phone: (214) 953-6511
chad.walters@bakerbotts.com

Melissa L. Muenks, Reg. No. 78,860
Baker Botts L.L.P.

401 S. 1st Street, Suite 1300

Austin, Texas 78704

Phone: (214) 322-2671
melissa.muenks@bakerbotts.com

Joseph Andrew Grado, Reg. No. 80,316
Baker Botts L.L.P.

2001 Ross Ave., Suite 900

Dallas, TX 75201-2980

Phone: (214) 953-6522
andrew.grado@bakerbotts.com

Jacob McDonald, Reg. No. 74,336
Baker Botts L.L.P.
2001 Ross Ave., Suite 900




Dallas, TX 75201-2980
Phone: (214) 953-6652
jacob.mcdonald@bakerbotts.com

Service Information: Correspondence to lead and back-up counsel can be

provided at the postal and electronic addresses above. Petitioners also consent to

service by electronic mail at chad.walters@bakerbotts.com,
melissa.muenks@bakerbotts.com, andrew.grado@bakerbotts.com,
jacob.mcdonald@bakerbotts.com, and

DLLibertyvUSWellServicesIPRs@bakerbotts.com.

II. STANDING AND FEES

Standing: Petitioners certify under 37 C.F.R. §42.104(a) that the *162 Patent
is eligible for inter partes review and that Petitioners are not barred or estopped from
requesting inter partes review on the grounds set forth herein.

Fees: The Office is authorized to charge the fee set forth in 37 C.F.R.
§42.15(a) to Deposit Account No. 02-0384 as well as any additional fees that might
be due in connection with this Petition.

III. THE ’162 PATENT
A.  Subject Matter

The *162 Patent describes a conventional fracturing system, as illustrated in

Figure 1:



FIG. 1

EX1001, Fig. 1, 4:17-49. The blender 26 (red) receives fluid from the fluid source
22 (purple) and adds proppant to form a slurry. EX1001, 4:24-28. The pumps 14
(green) pressurize the slurry. /d., 4:19-21. The distribution system 30 (blue), such as
a missile, receives the slurry from the pump for injection into the wellhead. /d., 4:34-
36. The Patent further describes a “hose extending between the fluid source and the
electric powered pumpl.]” Id., Abstract.

The Patent also describes a fitting between the hose and the electric powered
pump with “a first end for receiving the hose at the first diameter and a second end

for coupling to the electric powered pump at a second diameter,” illustrated below:



204

Union 200 Fitting
206 / 202 s

‘/ 210 Reducer
-

1 -

f-212 Shank end

— 214

208

FIG. 2

Id., Abstract, Fig. 2. The patent describes embodiments in which the first and second
diameters have different relative sizes. Id., 6:18-38.

B.  Prosecution History

The ’359 Application that ultimately issued as the 162 Patent was filed on
December 27, 2019. The Examiner allowed the claims without commenting on the
alleged points of novelty. EX1003, 280-285.

C.  Priority Date

For purposes of this Petition, Petitioner assumes that the earliest possible
priority date for the Challenged Claims would be no earlier than December 27, 2019,

when U.S. Patent App. No. 16/728,359, issued as the 162 Patent, was filed.



IV. SUMMARY OF PRIOR ART AND GROUNDS
A. Cicci (EX1004)
United States Patent 11,549,348 (“Cicci”’) was filed on November 20, 2020.

Cicci claims priority to U.S. Provisional Application 62/941,549 (“Cicci
Provisional”) (EX1005) filed on November 27, 2019. The subject matter relied on
in Cicci 1s disclosed in Cicci Provisional. Cicci properly claimed benefit to, was
filed co-pending with, and shared a common inventor with the Cicci Provisional.
EX1004, (22), (60), (72); 35 U.S.C. §102(d); MPEP §2154.01(b). Cicci was
effectively filed on November 27, 2019, and qualifies as prior art under §102(a)(2).

Cicci describes “a hydraulic fracturing system using flexible hose or pipe.”
EX1004, Abstract; EX1005, [1], [15]-[16]. The flexible pipe couples “a pump and a
manifold of the hydraulic fracturing system.” EX1004, Abstract; EX1005, [15]-[16].
Cicci also discloses “a fitting affixed to each end of the flexible flow line” for
connection to the fluid source (manifold) and the pump. EX1004, 5:30-37; EX1005,
[24]. Cicci’s “flexible hose can be connected to the pump connections by any
number of connection methods currently known or developed in the future, including
[] wings on a threaded connection, such as a hammer union.” EX1004, 7:42-47,

EX1005, 9[30]. Cicci’s hoses have “an inner diameter of one to eight inches.”

EX1004, 1:64-65; EX1005, q[4],



Cicci discloses blender 302 [red] that receives the fracturing fluid and blends
it into a slurry. EX1004, 5:14-29; EX1005, 4[23]. Cicci further discloses that “[t]he
pumps 306 [green] deliver the pressurized fracturing fluid to the missile 304 [blue].
The missile 304 then delivers the pressurized fracturing fluid to the wellhead 308
[magenta], which routes the fluid into the steel casing in the wellbore (not shown).”

EX1004, 5:25-29; EX1005, §[23]; EX1004, 1:9-19; EX1005, q[1].
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EX1004, Fig. 3; EX1005, Fig 3; EX1002, 1995-96.



B.  Coli (EX1006)
U.S. Patent Application Publication 2012/0255734 (“Coli”’) was filed on April

6, 2012, and published on October 11, 2012. Coli qualifies as prior art under
§§102(a)(1)-(2).

Coli involves a “fracturing system” for “delivering fracturing fluid to a
wellbore at a fracturing operation.” EX1006, §[0034]. Coli discloses electric motors
for driving the pumps. /d., [0042]. Coli discloses that the “pump is a quintiplex
[quintuplex] or triplex plunger style pump, for example, the SWGS-2500 Well

Service Pump sold by Gardner Denver[.]” 1d., {[0046], [0049]; EX1002, 4997-101.

C. Liu(EXI1007)

Pipeline Engineering by Henry Liu (“Liu”) is a textbook published in 2003.
EX1007, Cover; EX1039. Liu was publicly accessible and indexed at the library, and
accordingly would have been searchable and obtainable by the public, by at least
September 9, 2003. EX1014, 9450. Liu qualifies as a prior art printed publication
under §102(a)(1).

Liu contains well-known scientific principles regarding fluid flow, including
slurries, through pipelines. EX1002, 49102-103; EX1007, Preface. Liu contains a
“review of fluid mechanics pertinent to pipe flow” and “more advanced subjects,”

including “flow of solid/liquid mixtures” (slurries). /d.



Chapter 5 discusses “the flow of solid particles transported by liquid in
pipelines, namely, slurry pipelines[,]” (EX1007, 131) and focuses on “horizontal or
nearly horizontal pipes with particles suspended by a liquid,” which applies to
hydraulic fracturing piping systems, which use slurries (such as proppant carried by
water with chemicals), and where the piping system is horizontal or nearly horizontal
on the surface. EX1002, q104.

D. Kemper (EX1008)

Kemper is the webpage for Kemper Valve. Kemper was publicly accessible

since at least April 5, 2019. EX1002, 4105; EX1053, 45. Kemper is a prior art under

§102(a)(1).
Kemper discloses hammer union swages for fracturing applications, where the

swage includes a reducer:

Union End Threaded end

o/

T

reducer

EX1008, 1; EX1002, §9105-107.



E.  Dixon Catalogs (EX1009, EX1012)

Dixon-Australia (EX1009) and Dixon-U.S. (EX1012) (collectively, “Dixon”)?
are product catalogs that were publicly accessible by at least 2018, and are prior art
under §102(a)(1). EX1002, q9108-113; EX1013, q1-13.

Dixon-Australia (EX1009) was publicly accessible on the Dixon website
since at least October 2018. EX1040; EX1013, 98. The Dixon website lists “Publish

Date: October 4, 2018”:

2018 Dixon Product List Catalogue
Publish Date: October 4, 2018
Product Categories: Mining Fittings, Plasson Fittings, Marine

B ADPL718 Catalog

Request a Copy by Mail Add and Finalize Request

ld.

Dixon-U.S. (EX1012) was also publicly accessible on the Dixon website by
at least April 2018. EX1013, 994-5, 10. To locate this catalog, a POSITA would
navigate to “Product Literature” page of Dixon’s website, see a list of Dixon’s

product literature, be able to search in the “Search” field, and/or be able to filter by

2 References to “Dixon” refer to both catalogs because the catalogs have the same
disclosure of the claim limitations as applied in this Petition.

9



product category in the “Product Category” field. Id., 96. Dixon also distributed
almost 1,000 copies of Dixon-U.S. to its distributors in 2018. /d., 5. A POSITA
could also request a copy of this catalog on Dixon’s website. /d., §7.

This is consistent with indicia in the catalogs themselves. For example, the
catalogs list a copyright date of “Copyright 2018 by Dixon Valve and Coupling.”
EX1009, 667; EX1012, 995. The catalogs also list “New Products for 2018.”
EX1009, 10; EX1012, 4-5. The Dixon-Australia catalog is labeled “ADPL718,”
indicating that it would have been publicly accessible by July 2018. EX1009, Title;
EX1013, 994, 8. The Dixon-U.S. catalog is labeled “DPL418,” indicating that it
would have been publicly accessible by April 2018. EX1012, Title; EX1013, q94-5;
see also EX1009, 149; EX1012, 78; EX1041.

Based on this information, Dixon-Australia would have been publicly
accessible by at least October 2018, and Dixon-U.S. would have been publicly
accessible by at least April 2018. EX1002, 9112; EX1013. Dixon would have been
a well-known company to a POSITA. EX1002, q113; EX1042-EX1043.

Dixon discloses a fitting used in hydraulic fracturing operations with a shank
end for connecting to a hose, and a hammer union end for connecting to the pump,
where the end that connects to the pump has a larger diameter than that of the end

that connects to the hose:

10



4” female union half

3” shank end / /

~ groove

reducer

EX1009, 149; EX1012, 78; EX1002, qq114-115.

F. Gardner-Denver (EX1010)

Gardner-Denver is an operating and service manual for Gardner Denver’s
GD-2500Q Quintuplex pump (300FWF996 Rev C) that was originally published in
2001, and revised in 2005 (EX1010, 1, 46), and a GD-2500Q Fluid End Parts list
published in September 2011 (EX1010, 47). Gardner-Denver was publicly
accessible on the internet by at least September 2012. EX1053, 1, 4, 51. It
additionally would have been common-place for a company releasing a product,
such as Gardner-Denver’s Quintuplex pump, to make the product manual readily
available to the public, for example, by offering it for download from the company

or distributor’s website (as Gardner-Denver did) and/or by making a print version
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publicly available. EX1002, q116-117. Gardner-Denver thus qualifies as a prior
art printed publication under §102(a)(1).

Coli references Gardner-Denver’s “SWGS-2500" pump as a “quintiplex or
triplex plunger style pump” coupled to an electric motor and used in a fracturing
module. EX1006, 4[0046]. A POSITA would have understood the “SWGS-2500
quintuplex pump” refers to a Gardner Denver GD-2500Q power end (or pump end)
coupled with a Gardner Denver SGWS fluid end. EX1002, q118. The public
accessibility of Gardner-Denver by at least 2012 is further confirmed by this express
reference in Coli, which was also filed and published in 2012. /d., q4118-122.

G. ANSI/HI 6.1 (Ex. 1011)

ANSI/HI 6.1 is the “American National Standard for Reciprocating Power
Pumps,” published in 2015. EX1011, 1, 3. ANSI/HI 6.1 bears a copyright date of
2015 and was “approved” on March 5, 2015. Id., 2. ANSI/HI 6.1 would have been
publicly accessible online after its approval by at least June 2015, such that a
POSITA could have located it through the exercise of ordinary diligence. EX1002,

919126-127. For example, ANSI/HI 6.1 was publicly accessible from the Hydraulic

3 A POSITA would have understood that “SWGS-2500" refers to “SGWS-2500"—
i.e., Super Gardner Well Services-2500, or a GD-2500Q power end coupled with a

Super GWS Fluid End. EX1002, q118.
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Institute by at least August 8, 2015. 1d., 99128-129; EX1055. ANSI/HI 6.1 also was

cataloged, indexed, and publicly accessible at a library by at least October 31, 2016.

EX1002, 99130-132; EX1054. ANSI/HI 6.1 therefore is prior art under §102(a)(1).

ANSI/HI 6.1 describes the use of reciprocating power pumps to pump slurry,

such as would have been used in hydraulic fracturing systems. Id., 66; EX1002,

125. ANSI/HI 6.1 teaches ranges of fluid velocities to avoid excessive corrosion.

EXI1011, 11; EX1002, 99123-125.

H. Grounds
Basis
Ground | Claims | (35 U.S.C. §) Prior Art
1-4, 8- .. ) .
1 10, 14 103 Cicci, Coli, and Dixon
2 1-6, 8- 103 Cicci, Coli, Di nd Li
12, 14 icci, Coli, Dixon, a iu
3 1-14 103 Cicci, Coli, Dixon, Liu, and Gardner-
Denver
4A 1-14 103 Cicci, Coli, Dixon, Liu, and Kemper
AB 1-14 103 Cicci, Coli, Dixon, Liu, Gardner-Denver,
and Kemper
Cicci, Coli, Dixon, Liu, Gardner-Denver,
A 7 103 and ANSI/HI 6.1
5B 7 103 Cicci, Coli, Dixon, Liu, Gardner-Denver,
Kemper, and ANSI/HI 6.1

EX1002, 419; EX1056.

V. LEVEL OF ORDINARY SKILL

A person of ordinary skill in the art (“POSITA”) would have either (1) a

Bachelor of Science in Mechanical Engineering, Electrical Engineering, Petroleum
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Engineering or an equivalent field as well as at least 2 years of academic or industry
experience in the oil and gas industry, including well drilling, completion, or
production, including design and/or analysis of hydraulic fracturing systems or (2)
at least four years of industry experience in the oil and gas industry including well
drilling, completion, or production including design and/or analysis of hydraulic
fracturing systems. EX1002, 946.

VI. CLAIM CONSTRUCTION

Claim terms in IPR are construed according to their “ordinary and customary
meaning” to a POSITA. Phillips v. AWH Corp., 415 F.3d 1303, 1312-13 (Fed. Cir.
2005) (en banc); 37 C.F.R. §42.100(b). Constructions are proposed “only to the
extent necessary.” Nidec Motor Corp. v. Zhongshan Broad Ocean Motor Co., 868
F.3d 1013, 1017 (Fed. Cir. 2017). For purposes of this proceeding and grounds
presented herein, Petitioners do not present any constructions. EX1002, 947.

VII. THE CHALLENGED CLAIMS ARE UNPATENTABLE
A. Ground 1

The Cicci-Coli-Dixon combination renders obvious claims 1-4, 8-10, and 14.
EX1002, 94133-266.

1. Motivation to Combine

A POSITA would have been motivated to combine Cicci, Coli, and Dixon,

and would have a reasonable expectation of success. EX1002, qq134-158.
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A POSITA would have been motivated to combine Coli with Cicci. EX1002,
9135. Both Coli and Cicci are in the same field of endeavor as the 162 Patent of
hydraulic fracturing systems. Id.; EX1001, Abstract, 1:8-10; EX1004, 1:7-19;
EX1005, q[1]; EX1006, Abstract, §f[0003], [0009].

Coli and Cicci disclose similar and compatible hydraulic fracturing systems.
EX1002, 99135-139. Both Cicci and Coli disclose blending proppant and fluids to
create a fracturing fluid. /d.; EX1004, 5:15-20; EX1005, q[23]; EX1006, q[0012].
Both Cicci and Coli disclose pumps used to pump the fracturing fluid downhole and
fracture underground formations. EX1002, 4139; EX1004, 1:9-15; EX1005, q[1];
EX1006, §[0009].

In light of Cicci’s disclosure of fracturing pumps, a POSITA would have been
motivated to look to similar hydraulic fracturing references, such as Coli, for
implementation details of appropriate pump configurations and power sources.
EX1002, qq140-141; EX1004, 1:7-19; EX1005, q[1]; EX1006, q4[0011], [0046],
Figs. 3, 4A. A POSITA would have been motivated to incorporate Coli’s teachings
on multi-plunger pumps into Cicci’s system, as Coli provides specific examples of
pump configurations (triplex or quintuplex) suitable for hydraulic fracturing. See id.;
EX1002, q142. Coli additionally provides implementation details of configurations
for a plurality of pumps. EX1006, §9[0040], [0060], Figs. 2-3. A POSITA would

have been motivated to implement multi-plunger pumps in Cicci’s system, as Coli
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discloses that multi-plunger pumps were suitable for fracturing operations. /d.;
EX1006, §[0049].

A POSITA also would have been motivated to incorporate Coli’s electric-
powered pump into Cicci’s system, considering the express benefits disclosed by
Coli. EX1002, 99143-148. A POSITA would have been motivated to incorporate
Coli’s electric motor to gain the benefits of reduced parasitic losses, increased
horsepower delivered to the pump, reduced numbers of pieces of equipment, reduced
footprint, reduced weight, reduced emissions, and reduced noise, as described by
Coli and as would have been well-known to a POSITA. Id.; EX1006, 44[0046],
[0049]. As Coli discloses, electric-powered pumps “obviate the need for a constant
supply of diesel fuel to the site and reduc|es] the site footprint and infrastructure
required for the fracturing operation[.]” EX1006, Abstract. Further, the smaller size
and lighter weight of electric pumps “allow[s] for placement of four pumps 22 in the
same physical dimension (size and weight) as the spacing needed for a single pump
in conventional diesel systems[.]” Id., [0049]. Thus, “the number of fracturing
modules 20 placed on each trailer 10” is “maximized.” Id., §[0052]. Coli discloses
how the electrification of the fracturing operation improves costs, efficiency, safety,
and environmental impact. Id., q[0066], [0075], [0077], [0080].

For example, Coli teaches that using electric motors to drive the pumps, rather

than diesel motors, allows for an increase in power delivered to the pump, reduces
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parasitic losses, and allows for the pump to directly couple to the motor. /d. Reduced
parasitic losses and increased horsepower delivered to the pump would have made
the system more efficient. EX1002, §148. Reduced numbers of pieces of equipment
would have resulted in lower maintenance requirements, as there would be fewer
pieces of equipment to maintain. /d. A reduced footprint would have allowed the
system to be configured in a smaller space and/or arranged more easily. /d. Reduced
weight would have made it easier to transport the pumps. /d. It additionally would
have been well-known to a POSITA that an electric motor would have reduced
emissions and noise. Id.; EX1021, 1:46-65. A POSITA would have been motivated
to realize these benefits. /d.

A POSITA would have had a reasonable expectation of success in the
combination. EX1002, 9149. Both Cicci and Coli disclose the equipment used to
construct a hydraulic fracturing system. /d. Cicci discloses a pump in a hydraulic
fracturing system, and Coli provides implementation details for those pumps. /d.;
EX1004, 1:7-19; EX1005, 9[1]; EX1006, Abstract, §9[0011], [0046], [0049], Figs.
3, 4A. Accordingly, incorporating Coli’s electric-powered multi-plunger hydraulic
fracturing pumps into Cicci’s hydraulic fracturing system is merely applying a
known technique to an improved known system in the same way. EX1002, 4149;
see also EX1021, 1:46-65 (electric powered pumps were well known); see generally

EX1038 (multi-plunger pumps were well known). Furthermore, combining Coli’s
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teachings would have yielded predictable results for a POSITA—a fracturing system
that is more efficient, has reduced equipment, a smaller footprint, lighter weight, and
reduced noise and emissions, compared to traditional, diesel-powered systems. /d.

A POSITA would have been further motivated to incorporate Dixon into the
Cicci-Coli system. Id., §Y150-158. Dixon is analogous art to the 162 Patent as it is
in the same field of endeavor as the 162 Patent of hydraulic fracturing system. /d.,
156; EX1009, 149; EX1012, 78. For example, Dixon discloses “Dixon Frac
Fittings” that are “[u]sed in the fast-paced transfer of water and sand slurry to a
hydraulic fracturing site.” EX1009, 149; EX1012, 78. Dixon also would have been
reasonably pertinent to the problem with which the 162 Patent is concerned—fluid
flow rates for fracturing operations—as Dixon’s frac fittings would have been
applicable for use with slurry flow in a hydraulic fracturing system to address such
problems. Id.; EX1002, q156; EX1001, 1:14-45; EX1003, 433.

A POSITA would have been motivated by Cicci’s disclosure of fittings to
look to references that teach about fittings and hoses. /d., §151-152. For example,
Cicci discloses fittings or couplings connecting the pump to flexible flow lines. /d.;
EX1004, 5:31-37, 7:42-47; EX1005, 99[24], [30]. A POSITA would have been
motivated to look to Dixon for implementation details about such fittings, hoses, and
couplings. EX1002, 4153. Dixon contains information about commercially available

hoses and fittings for “slurry” systems and hydraulic fracturing applications.
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EX1002, qq153-156; EX1009, 11, 58, 149-151; EX1012, 78-82, 118. Dixon also
teaches other fittings useful in fracturing systems, including hammer unions,
reducers, hose and hose assemblies, industrial hose fittings and pipe and pipe
welding fittings a POSITA would have found useful in designing the Cicci-Coli
system. Id.; EX1009, 154, 405; EX1012, 628, 681-83.

A POSITA would have been motivated to incorporate Dixon’s fittings into the
Cicci-Coli system to obtain the express benefits of Dixon’s fittings. EX1002, §157.
For example, Dixon’s fittings have a “[o]ne piece design [which] eliminates leak
path experienced with two-piece threaded systems.” EX1009, 149; EX1012, 78
(similar). These Frac Fittings also are “[d]urable and safe with reliable hose retention
when crimped as specified.” EX1009, 149. Dixon shows various examples of fitting
sizes, including fittings for connecting the same size hose and union (Complete
Male/Female Assembly) and combinations of Male/Female assemblies that would
have attached a larger union to a smaller hose. EX1009, 149; EX1012, 78.

A POSITA further would have been motivated to use Dixon’s fittings to
connect a pump with a connection of one diameter with a hose with a connection of
a different, smaller diameter. EX1002, q157. A POSITA would have been further
motivated to reduce the hose size to 5-inches to increase the slurry’s velocity, thus

reducing the propensity of the proppant to drop out of the slurry and form a bed in
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the bottom of the hoses, potentially causing a screen out (plugging) of the hoses. /d.;
infra, VI1.B.6-7.

A POSITA would have had a reasonable expectation of success in combining
Dixon with Cicci-Coli. EX1002, §158. Such a combination would have been merely
applying a known technique (Dixon’s hoses and fittings) to a known system
(hydraulic fracturing system), ready for improvement (actual design and
construction of the system) to yield predictable results (a practical fracturing
system). Id. Dixon teaches specific fitting configurations designed for fracturing
systems, as well as teachings regarding other industrial, piping, and weld fittings that
would have been useful in designing the system described by Cicci-Coli. 1d.;
EX1009, 11, 58, 149-151, 154, 405; EX1012, 78-81, 111-113, 118, 608, 613, 628,
681.

2. Claim 1
a) 1[p]

To the extent the preamble is limiting, the Cicci-Coli-Dixon combination
discloses the preamble. EX1002, 99160-165.

Cicci discloses a “[h]ydraulic fracturing system[]” for fracturing
“subterranean geological formations.” EX1004, 1:7-19; EX1005, q[1]. Coli
similarly discloses a “fracturing system” for “hydraulic stimulation of underground

hydro-carbon bearing formations.” EX1006, Abstract, {[0003], [0009]. A POSITA
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would have understood Coli’s disclosure refers to a hydraulic fracturing system for
fracturing a subterranean formation. EX1002, 4164.

b)  1[a]

The Cicci-Coli-Dixon combination discloses limitation 1[a]. EX1002, 4166-
174.

Cicci and Coli each disclose a hydraulic fracturing pump. Id., §J167-169;
EX1004, 1:7-19; EX1005, q[1]; EX1006, Abstract.

Coli discloses an electric-powered multi-plunger hydraulic fracturing pump.

EX1002, 99167-169. Coli discloses “[f]racturing module 20 [red] can include an

electric motor 21 [blue] coupled to one or more electric pumps 22 [green].” EX1006,
10046].

FIG. 4A
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EX1006, Fig 4A. Coli discloses “[a] suitable pump is a quintiplex or triplex plunger
style pump, for example, the SWGS-2500 Well Service Pump sold by Gardner
Denver[.]” Id., q9[0046], [0011]. A POSITA would have recognized that a
quintiplex (or quintuplex) pump has five plungers and a triplex plunger pump has
three plungers, and accordingly are “multi-plunger” pumps. EX1002, 9953-63, 141,
168. Fig. 4A illustrates a quintuplex (5-plunger) pump, with magenta arrows
identifying each plunger. EX1002, 9168.

Coli’s electric-powered pump 1s powered by at least one electric motor.
EX1002, 4160. Coli teaches “[e]ach fracturing module 20 can include an electric
motor 21 and a fluid pump 22 coupled thereto.” EX1006, §[0040]. A POSITA would
have been motivated to use Coli’s electric motor-driven multi-plunger fracturing
pump to improve Cicci’s fracturing system. Supra, §VIL.A.1; EX1002, q9141-148,
169.

Further, Cicci discloses the delivery of fracturing fluid from the blender to the
pump, and from the pump to the missile. EX1004, 5:20-37; EX1005, 4[23]. A
POSITA would have understood from this disclosure that the pump has an inlet and
an outlet. EX1002, q170-171.

Cicci also discloses that the outlet is coupled to a well associated with the
subterranean formation through missile 304. Id. Cicci discloses that “[t]he missile

304 then delivers the pressurized fracturing fluid to the wellhead 308, which routes
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the fluid into steel casing in the wellbore (not shown),” which a POSITA would have
understood meant that Cicci’s pump’s outlet is coupled to the wellbore. EX1004,
5:23-26; EX1005, 9[23]; EX1002,9171. Cicci also discloses that “[w]hen distributed
into a wellbore, the highly pressurized fluid generates micro fissures or cracks within
the geological formations surrounding the wellbore,” which a POSITA would have
understood meant that the well is associated with the subterranean formation.
EX1004, 5:23-26; EX1005, 9[23]; EX1002, 9172.

Similarly, Coli describes that “[f]racturing modules 20 utilize electric power
from the turbine generator 30 to pump the fracturing fluid directly to the wellbore.”
EX1006, 99[0040], [0009]. Coli further states that in a fracturing operation, “a
‘slurry’ of fluids and additives is injected into a hydrocarbon bearing rock formation
at a wellbore to propagate fracturing.” Id., §4[0035], [0003], [0009]. A POSITA
would have understood that hydraulic fracturing operations inject fluids into a
subterranean formation under pressure to create fissures or “fractures” in the

formation. EX1002, 4173; EX1004, 1:7-19; EX1005, 9[1].

c) 1[b]
The Cicci-Coli-Dixon combination discloses limitation 1[b]. EX1002, 44175-

178.
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Cicci discloses fracturing system 300 that “includes a blender 302 [red], a
manifold or a missile 304 [blue], one or more pumps 306 [green], and a wellhead

308 [magenta].”
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EX1004, Fig. 3, 5:14-29; EX1005, q[23].

Cicci’s “blender 302 is configured to receive components of a fracturing fluid
(e.g., water, sand, chemicals, etc.) and blend the components into a slurry. The
blender 302 delivers the blended fracturing fluid to the missile 304 at a low pressure.
The missile 304 delivers the fracturing fluid to the pumps 306 at a relatively low

pressure. . . . The pumps 306 deliver the pressurized fracturing fluid to the missile
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304. The missile 304 then delivers the pressurized fracturing fluid to the wellhead
308, which routes the fluid into steel casing in the wellbore (not shown).” EX1004,
5:14-29; EX1005, 9[23].

Accordingly, Cicci discloses a fluid source (manifold/missile 304), coupled
to the inlet of the pumps (pumps 306) providing a slurry for injection into the
subterranean formation (“The missile 304 then delivers the pressurized fracturing
fluid to the wellhead 308, which routes the fluid into steel casing in the wellbore (not
shown).”). EX1004, 5:25-29; EX1005, 4[23]; see also EX1004, 1:13-15, EX1005,

q[1]; EX1006, 9[0003], [0035]; supra, §VILA.2(b).

d)  1c]
The Cicci-Coli-Dixon combination discloses limitation 1[c]. EX1002, q9179-

182. Cicci discloses a flexible hose extending between the fluid source (missile 304)
and the pump. 1d.; supra, §VII.A.2(b). Cicci discloses “a flexible pipe or hose (i.e.,
a flexible flow line) . . . used to connect a pump to the manifold.” EX1004, 3:42-26;
EX1005, q[15]. Further, Cicci discloses that “the plurality of flexible hoses can have
an inner diameter of one to eight inches.” EX1004, 1:64-65, Claim 7; EX1005, q[4].

Cicci therefore discloses the hose having a first diameter. EX1002, 4181.

e) 1[d]

The Cicci-Coli-Dixon combination discloses and renders obvious limitation

1[d]. EX1002, §9183-197.
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Cicci discloses a fitting between the hose and the pump, the fitting having a
first end for receiving the hose and a second end for coupling to the electric-powered
pump. Id., §184. Cicci discloses “each pump 306 can have a set of connections
configured to interlock, engage, or otherwise couple to a fitting aftixed to each end
of the flexible flow line 310 [hose].” EX1004, 5:30-34; EX1005, 4[24]. A POSITA
would have understood from this disclosure that the fitting has two ends—one end
for receiving the hose (a first end), and another end for coupling to the pump (a
second end). EX1002, 4184. In combination with Coli, the “pump” is electric-
powered. Supra, §VII.A.2(b).

Dixon also discloses fittings for fracturing operations that connect larger-
diameter unions with smaller-diameter hoses. EX1009, 149; EX1012, 78; EX1002,
9185. For example, Dixon discloses a 3-inch shank end fitting with a 4-inch female

union half:
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4” female union half

3” shank end / /

3" and 4"

reducer

EX1009, 149; EX1012, 78. A POSITA would have recognized the 3-inch end to be
a “shank end,” at least because Dixon uses the term ‘“shank” to name that type of
hose connection. EX1009, 85, 91-96, 98-100; EX1012, 33-34, 67, 71, 74, 101, 104-
106, 109-110; EX1002, 49186, 191. A POSITA would have understood that Dixon’s
fitting has two ends—a first end (3-inch shank end) for receiving the hose and a
second end (4-inch female union) for coupling to the pump. EX1002, 4186.

With respect to the second end, Cicci teaches “coupling a first end of a first
flexible hose to one of the respective pump connections. The flexible hose can be
connected to the pump connections by any number of connection methods currently

known or developed in the future, [] such as a hammer union.” EX1004, 7:40-47,
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EX1005, q[30]. A POSITA would have understood from Cicci’s disclosure that the
fitting has a second end for coupling to the pump. EX1002, q187.

A hammer union, as disclosed by Dixon, is a three-piece system for
connecting piping, including hoses, to other fluid connections, such as a pump
intake, as described by Cicci. EX1002, 4188; EX1009, 149-151; EX1012, 78-79,

118. Dixon discloses hammer unions for fracturing suction operations:

wing nut

N\

male end

/

female end

EX1009, 150, 154; EX1012, 681-83; EX1002, 99188-190.
A POSITA would have understood that each end of Cicci’s fitting would have
a diameter (a first and second diameter), at which the fitting would receive the hose

and couple to the pump, respectively. EX1002, 4192. Cicci discloses that “the

28



plurality of flexible hoses can have an inner diameter of one to eight inches.”
EX1004, 1:64-65; EX1005, 9[4]. A POSITA would have understood from Cicci’s
disclosure of a hose “inner diameter” and that an “end” of the hose and the fittings
coupled to the hose would have a diameter (first diameter). EX1002, §192. Similarly,
a POSITA would have understood that the end of the fitting coupled to the pump
would also have a diameter (second diameter). /d.

Additionally, the first and second ends of Dixon’s fittings also have a first

diameter (3-inch diameter) and a second diameter (4-inch diameter):

4” female union half

3” shank end / /

3"and 4"

reducer

EX1009, 149; EX1012, 78; EX1002, 4193-194.
Dixon’s fitting has a second diameter (4-inch female union) that is larger than

the first diameter (3-inch shank end). EX1009, 149; EX1012, 78. Dixon shows
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examples of various fitting sizes, including combinations of Male/Female
assemblies that would have connected a larger union to a smaller hose. EX1009,
149; EX1012, 78.

A POSITA would have used Dixon’s teachings to connect a smaller-diameter
hose to a larger-diameter union, as such fittings were well-known. EX1002, 4195;
supra, §VIL.A.1; see, e.g., EX1009, 149; EX1012, 78; EX1008, 1; EX1050, 7.

Further, the 162 Patent reveals that multiple-diameter fittings, such as
Dixon’s Frac Fittings, would have been obvious. EX1002, 4196. The *162 Patent
admits that 6-inch fittings, such as “hammer unions, butterfly valves and other 6
steel pipe components” were “standard” in the fracturing industry. EX1001, 3:67-
42. This is consistent with the pump in Coli (Gardner-Denver SWGS-2500), which
had 6-inch standard fittings. EX1002, §196. Further, the 162 Patent admits that 4-
inch supply hoses were “standard” in fracturing systems. EX1001, 4:6-10. And
during the prosecution of the ’162 Patent, the applicant also admitted that
“[t]raditional fracturing systems typically use 6 connections for equipment and 4”
hoses for fluid flow.” EX1003, 433. Dixon’s frac fittings to connect a larger-
diameter pump fitting (e.g., “standard” 6” pump connection) and a smaller-diameter
hose (e.g., “standard” 4” hose) would have been useful in connecting standard parts.
EX1002, 9196. Such a solution would have been obvious based on the Cicci-Coli-

Dixon combination. /d.
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f)y  1le]
The Cicci-Coli-Dixon combination discloses limitation 1[e]. EX1002, 99198-

200.

Cicci discloses a distribution system (including high pressure hoses 310A and
manifold/missile 304)* positioned between the wellbore and the pump that collects
the slurry from the pump for injection into the wellbore, and subsequently, the
subterranean formation. EX1002, 4199. Cicci discloses that “[t]he pumps 306
deliver the pressurized fracturing fluid to the missile 304. The missile 304 then
delivers the pressurized fracturing fluid to the wellhead 308, which routes the fluid
into the steel casing in the wellbore (not shown).” EX1004, 5:25-29; EX1005, 4[23];

see also EX1004, 1:9-19, 6:58-60; EX1005, 99[1], [27].

* The “missile” contains manifolds for both the low-pressure and high-pressure
connections of the pumps, consistent with Cicci’s disclosure regarding missile 304
connecting both suction and discharge lines of the pump. EX1002, 4199 n.232;

EX1004, 5:22-29; EX1005, §[23].

31



310A

s i i o T & LR ==
8 "_Q‘Q'_;] = 1. e / St Llllgi—l °:!°4
= |50 ¥ 316 316 277 316/ AT o
=& T =i | N 3 ﬁ Conl E| |
8 =306- [ — P | ]
L% AT = v EAm HL_J] i
)3 316 Il o= ]
[ B | nsiE DD
=3 ] 316 /’ O
HE e T e S
|5, [_T L] 310A3103 3108 il \_-] o —
[ 4 2 %:gw] FIG. 3

EX1004, Fig. 3; EX1005, Fig 3. The pump is an electric powered pump, and the
fracturing fluid includes a slurry. Supra, §§VII.A.2(b)-(c).

3. Claim 2
The Cicci-Coli-Dixon combination renders obvious Claim 2. EX1002, 49201-

210; supra, §VILA.2.

A first diameter (hose end) of approximately 5 inches and a second diameter
(pump end) of approximately 6 inches would have been obvious in view of Cicci.
EX1002, 9202. Cicci discloses that each of “the plurality of flexible hoses can have

an inner diameter of one inch to eight inches.” EX1004, 1:64-65, Claim 7; EX1005,
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q[4]. Accordingly, Cicci discloses a range of flexible hose diameters, including 5
inches. See id.; EX1002, 9202.

First diameter is approximately 5 inches. A POSITA would have found it
obvious to modify Dixon for the first diameter to be approximately five inches,
because it would have been obvious to use a 5-inch hose in light of Dixon and Cicci’s
disclosures. EX1002, §203. Dixon discloses “Suction Service Fittings” for hydraulic
fracturing that have a 5-inch diameter. EX1009, 150; EX1012, 79. A POSITA would
have found it obvious to use a 5-inch hose based on this teaching and Cicci’s
disclosure of hose diameters between 1 and 8 inches. EX1002, 4203. It would have
been obvious to a POSITA for the end of the fitting that connects to the hose to have
a diameter (the first diameter) of approximately five inches, to correspond to a hose
diameter of five inches, to which it connects. /Id. A POSITA would have been
motivated to use a 5-inch hose and first diameter when flow velocity calculations
indicate a 5-inch hose would keep the velocity in the proper range and avoid drop-
out,. EX102, 4204; infra, §§VIL.B.6-7, VIL.C.5.

Second diameter is approximately 6 inches. It would have been obvious to a
POSITA for the second diameter to be approximately 6 inches, as 6 inches was a
well-known fracturing pump connection size. EX1002, 4205. For example, the *162
Patent admits that “6" (0.1524 m) components,” including hammer unions, were

“standard.” EX1001, 3:65-4:2. And a POSITA would have understood from Dixon
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that combinations of sizes other than those specifically disclosed were available. See,
e.g., EX1009, 7 (referencing “made-to-order hose assemblies™), 99 (“[f]ittings are
also available on special order for other sizes of hose OD’s”); EX1012, 138, 142;
EX1002, 9209.

For example, Coli discloses a “SWGS-2500 Well Service Pump sold by
Gardner Denver[.]” EX1006, 4[0046]. A POSITA would have understood Coli’s
disclosure refers to 6-inch inlet connections with both threaded (for hammer union)
and Victaulic style inlet connections. EX1002, 99206-207; EX1010, 76-79.
Moreover, it would have been obvious to use a 6-inch hammer union to connect to
the 6-inch inlet manifold disclosed by Coli as hammer unions were well-known.
EX1002, 9208; EX1001, 3:65-4:2. It would have been obvious to a POSITA to select
a fitting diameter consistent with this disclosure. EX1002, 4206.

4. Claim 3
The Cicci-Coli-Dixon renders obvious Claim 3. EX1002, 49211-224; supra,

§VILA.2.

a)  3[a]

The Cicci-Coli-Dixon combination discloses a fitting comprising a union at
the second end. Supra, §VII.A.2.e; EX1004, 7:40-47; EX1005, q[30]; EX1002,

99212-213. The hammer union disclosed in Cicci is shown by Dixon as a three-piece
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system for connecting piping, including hoses, to other fluid connections, such as a

pump intake, as described by Cicci. Id.; EX1009, 150, 154; EX1012, 79, 681.

wing nut

N\

male end

/

female end

A POSITA would have understood from Dixon that one half of the hammer
union (e.g., the male end) would be connected to the pump and the second half (e.g.,
the female end) would be connected to the hose, or vice versa. EX1002, 4213.
Accordingly, the fitting on the hose would comprise a union (72 of the hammer
union) which is configured to couple to a mating fitting (the other 72 of the hammer
union). /d. This is shown in the examples of the Frac Fittings from Dixon, including,
for example, the HUM206600CS Frac Fitting which comprises one-half (male) of

the hammer union:

35



6” male union half

HUM206600CS & HUM206800CS

EX1009, 149; EX1012, 79. A POSITA would have understood that the other half
(female half) of the hammer union would have been attached to the pump. EX1002,

©13.

b)  3[b]
Dixon discloses a shank end at the first end. Supra, §VII.A.2(e); EX1002,

919214-218. A POSITA would have understood this shank end receives at least a
portion of the hose. See id. Dixon teaches that the shank is coupled with a ferrule
that 1s crimped over at least the portion of the hose. EX1002, 4216. For example,
Dixon teaches that its Frac Fittings are “[d]urable and safe with reliable hose
retention when crimped as specified.” EX1009, 149; EX1012, 78. Dixon further
describes “King Crimp Style Heavy Duty Ferrules” as shown below. EX1009, 151;

EX1012, 118.
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King Crimp™ Style Heavy Duty Ferrules
Feature: * 400 PSI working pressure with a minimum 4:1 safety factor (hose burst: hose
working pressure) Is only achieved with heavy duty (HD) crimp ferrules, CF400- _—
6CSHD through CF400-16CSHD. %"I
C bon Steel
Hose ID SRONSS Ferrule ID Fmgmas" Ferr::vgolvhua"
Gl N N e B Bl

114.70 115.90 CF400-6CSHD 81.80 4625
116.30 117.50 CF400-7CSHD 971 4688 3.05 102
117.90 119.10 CF400-8CSHD 97.11 4.750 3.05 102
119.45 120.65 CF400-9CSHD 97.11 4813 3.05 102
121.00 122.25 CF400-10CSHD 97.11 4.875 3.05 102
4 122.60 123.80 CF400-11CSHD 49.29 4938 3.05 102
124.20 125.40 CF400-12CSHD 68.10 5.000 3.05 102
125.80 127.00 CF400-13CSHD 236.67 5.063 3.05 102
127.40 128.60 CF400-14CSHD 69.21 5.125 3.05 102
129.00 130.20 CF400-15CSHD 62.49 5.188 3.05 102
130.60 131.80 CF400-16CSHD 81.80 5.250 3.05 102

EX1009, 151; id., 150-151 (showing the crimp ferrules that would be used with the
shanks disclosed on pg. 149); EX1012, 78-81. A POSITA would have recognized
from Dixon that the shank end comprises both the shank interior to and a ferrule
around (exterior to) a portion of the hose and that the ferrule is then crimped

(squeezed or smashed) over the hose in order for the hose to engage the ribs or barbs

of the shank. EX1002, 9217.

c) 3]

Dixon discloses and renders obvious a reducer between the union and the
shank end. EX1002, 49219-224. Dixon shows a fitting with a 3” shank end and a 4”

union end:

37



4” female union half

3” shank end /

3" and 4"

reducer

EX1009, 149; EX1012, 78. Dixon’s reducer is in the claimed location to enable the
connection of the disparate-sized parts, and to allow for a smooth transition of the
fluid flow. EX1002, 4219.

Dixon further teaches individual components of “weld” hammer unions and
reducers. EX1009, 150; EX1012, 79. A POSITA would have found it obvious to
take Dixon’s weld unions and combine them with Dixon’s weld reducers (EX1009,
359; EX1012, 608) and weld such fittings together to form a reducing fitting, such
as the “frac fittings” disclosed by Dixon. EX1002, 9220. This would have been
combined with Dixon’s hose shank to create a fitting that would enable a smaller
hose size. 1d.; see, e.g., EX1009, 85, 91-96, 98-100; EX1012, 33-34, 67,71, 74, 101,

104-106, 109-110.
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Dixon discloses at least a portion of the reducer extends into a groove formed
in the union. EX1002, 9221. For example, Dixon discloses a 3” shank end fitting

with a 4” female union half:

4” female union half

3” shank end /

" groove

reducer

EX1009, 149; EX1012, 78. The fitting shown features a groove in the hammer
union, with a least a portion of the reducer extending into it. See id.; EX1002, §222.
The union in the fitting shown also extends farther laterally than the reducer, such
as the threaded portion of the union. See id.

Additionally, Dixon teaches ‘“‘suction service fittings” that are designed for

“socket weld” connections:
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Suction Service Fittings

. Figure 206
P e ==
50 mw m":' O — HUSMS00SW-1 205.45

HUSMS00SW-1 5 50 s0cket weld X suction female hammer union HUSFS00SW 391.80
N/A spiit nut, suction and discharge, black HUSS00RN 20054

W

Price Group: SO

HUSFS00SW

EX1009, 150; EX1012, 79. A POSITA would have recognized “socket weld” to be
a weld type where the pipe or other fitting, such as a reducer, is inserted into a
recessed area (groove) of another fitting, such as the suction service fittings taught
by Dixon. EX1045; EX1002, 9223. Accordingly, by combining the socket weld
unions with Dixon’s reducers and shanks, it would have been obvious to create a
fitting by using a union with a “socket weld”” connection, a reducer of the appropriate
size, and a hose shank. EX1002, 9223. In such a combination, a portion of the
reducer would extend into a groove formed in the union, and the union would extend
farther laterally than the reducer, as a portion of the reducer is inside the union. /d.

5. Claim 4
The Cicci-Coli-Dixon combination renders obvious Claim 4. EX1002, 9225-

229; supra, §VIIL.A 4.
Dixon discloses fittings formed as an integral piece. EX1002, 9226. A

POSITA would have been motivated to have the fittings as an integral piece, as
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taught by Dixon, because, as Dixon teaches, a “[o]ne-piece design eliminates leak
path experienced with two-piece threaded systems.” EX1009, 149; EX1012, 78. A
POSITA would have understood that “[o]ne-piece design” refers to fittings that are
formed as an integral piece. EX1002, 9226.

Dixon discloses the fitting with at least one “rigid coupling” between at least
the union and the reducer. EX1002, 44227-228. One example of a “rigid coupling”
is aweld or weld bead. Id., 4227. The weld, once cooled, forms a rigid piece of metal
that couples the pieces of metal (such as the socket weld union and reducer) together.
1d.; EX1046. This is consistent with the 162 Patent’s usage of “rigid coupling 214”

(red), which a POSITA would have recognized as a weld bead.
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206 / 202 /-

N ik

214 214

208

FIG. 2

EX1001, Fig. 2; EX1002, 4227. Dixon’s “socket weld” union is a “rigid coupling”
between at least the union and the reducer. EX1002, §228; supra, VII.A.4(c). A
“weld bead” as a rigid coupling thus would have been obvious to a POSITA.
EX1002, 9228.

6. Claim 8§

The Cicci-Coli- Dixon combination renders obvious Claim 8. EX1002, 99230-

243; supra, §VIILLA.2.
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a)  8[a]

Cicci and Coli disclose a plurality of pumps. Cicci illustrates eight pump
trailers 306 (green), and discloses “one or more pumps 306 and “a plurality of
pumps,” indicating use of any number of pumps. EX1002, 44231-232; EX1004,

1:26, 5:17-29; EX1005, 99[2], [12].
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EX1004, Fig. 3; EX1005, Fig. 3.

Coli teaches six “fracturing trailers 10” (green):
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-------------------------------------------------

EX1006, Fig. 2.Coli also teaches that each fracturing trailer 10 (magenta) contains
as many as four fracturing modules, with each fracturing module 20 (red) containing
a pump 22 (blue) and a motor 21 (green). EX1006, Fig. 3; EX1002, 9233. Coli also
discloses “a plurality of electric motors 21 and pumps 22 can be transported on a

single trailer 10 as in Fig. 3. EX1006, §[0040].

FIG. 3
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EX1006, Fig. 3.Accordingly, Coli at least discloses 24 pumps. EX1002, 9234. Coli
also discloses “providing one or more electric fracturing modules at the site.”
EX1006, §[0009].

Coli discloses “electric powered multi-plunger hydraulic fracturing pumps.”
Supra, §VII.A.2(b). The Cicci-Coli-Dixon combination further discloses each pump
receiving fluid from the fluid source. Supra, §VII.A.2(c). For example, Cicci
discloses “[e]ach pump 306 is coupled to the missile 304 by a set of flexible flow
lines 310.” EX1004, 5:30-31; EX1005, 9[24]. Further, Cicci teaches “[t]he missile
304 delivers the fracturing fluid to the pumps 306.” EX1004, 5:22-23; EX1005,
9[23]. Accordingly, each pump receives fluid from the fluid source (missile 304).

EX1002, 99235-236.

b)  8[b]

The combination discloses and renders obvious a plurality of hoses having the
first diameter. Supra, §§VII.A.2(d)-(e); EX1004, 1:64-65, 5:30-31, Claim 7,
EX1005, 99[4], [24]; EX1002, 99238-240. Cicci discloses a plurality of hoses (“set
of flexible flow lines 310). EX1004, 5:30-31; EX1005, [24]. It would have been
obvious to size each of the hoses with the same diameter based on the flow
conditions at the pumps. EX1002, 4238; infra, §§VII.B.5-6. Furthermore, it would
have been obvious to a POSITA that each hose would have the first diameter,

allowing the hoses to be interchangeable. /d., 4239. And it would have been obvious
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to a POSITA for that diameter to be the first diameter, as that 1s the diameter of the

fitting end connected to the hose. 1d.; supra, §§VIL.A.2(d)-(e).

c) 8]

Cicci discloses that “[e]ach pump 306 is coupled to the missile 304 by a set
of flexible flow lines 310. For example, each pump 306 can have a set of connections
configured to interlock, engage, or otherwise couple to a fitting affixed to each end
of the flexible flow line 310. Similarly, the missile or manifold 304 can include a set
of connections configured to interlock, engage, or otherwise couple to a fitting
affixed to each end of the flexible flow line 310.” EX1004, 5:30-37; EX1005, 9[24].
Accordingly, Cicci discloses a plurality of fittings on each hose, and that each pump
would have its own hose, resulting in a plurality of fittings between the respective
hoses of the plurality of hoses and respective pumps of the plurality of pumps.
EX1002, 9241.

It would have been obvious to a POSITA for each of the pumps to have a
connection having the second diameter, as that is the diameter of the fitting end
connected to the pump. Supra, §VII.A.2(e). A POSITA would have been motivated
for the pumps to have a connection having the second diameter to obtain the benefits
of interchangeability. EX1002, 9242. It therefore would have been obvious to a
POSITA to use pumps with the same diameter connection of the limited number of

connections available. Id.; supra, §VII.A.3.
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7. Claim 9

a)  9p]
Supra, §VII.A.2(a); EX1002, 9245.

b)  9[a]
Supra, §VII.A.2(b); EX1002, 9246.

c) 9b]
Supra, §VIL.A.2(c); EX1002, 9247.

d  9c]
Supra, §VILA.2(d); EX1002, 9248.

e) 9d]
Supra, §VILA.2(e); EX1002, 9249.

fy  9le]

The Cicci-Coli-Dixon combination renders obvious limitation 9[e]. EX1002,
99250-253; supra, §§VIL.A.2(e), VIL.A.4(a).

Cicci discloses a union arranged at a first end and configured to couple to the
pump. EX1002, 4250. Cicci discloses “coupling a first end of a first flexible hose to
one of the respective pump connections. The flexible hose can be connected to the
pump connections by any number of connection methods currently known or
developed in the future,[] including threading wings onto a threaded connection,
such as a hammer union.” EX1004, 7:40-47; EX1005, 9[30]. A hammer union, as

shown by Dixon, is a three-piece system for connecting piping, including hoses, to
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other fluid connections, such as a pump intake, as described by Cicci. EX1002, 4250.
Dixon teaches hammer unions in various sizes, including hammer unions for
fracturing suction operations. EX1009, 79, 150, 154, 681. Dixon shows a typical

hammer union with the three components identified.

wing nut

N\

male end

/

female end

EX1009, 154; EX1012, 681; EX1002, 4250.

A POSITA would have understood from Dixon that one half of the hammer
union (e.g., the male end) would be connected to the hose and the second half (e.g.,
the female end) would be connected to the pump, or vice versa. EX1002, §251.

Accordingly, the fitting on the hose would comprise a union (72 of the hammer
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union) which is configured to couple to a mating fitting (the other 72 of the hammer
union), as further described in limitation 1[d]. EX1002, 4251; supra, §VII.A.2(e).
The union would have a second diameter larger than the first diameter (hose
diameter). Supra, §VII.A.2(e). As fracturing pumps have manufacturer-supplied
headers with inlet connections of fixed sizes,” a POSITA would have recognized that
it is easier to combine well-known, commercially available components, to allow for
a smaller hose size in order to increase velocity and minimize proppant drop out,
than to obtain custom inlet headers for the pumps from the manufacturer. EX1002,
252; supra, §VII.A.2(e); infra, §VII.B.6-7. Therefore, the Cicci-Coli-Dixon

combination would have renders Limitation 9[e] obvious. /d.

g 9lf]

The Cicci-Coli-Dixon combination renders obvious limitation 9[f]. EX1002,
4254-257. The fitting comprises a shank end configured to receive at least a portion
of the hose. Supra, §VII.A.2(e). The shank end comprises a shank that is inserted
into the hose and a ferrule that 1s crimped over the hose to engage the barbs/ridges
on the shank end. Supra, §VII.A.4(b); EX1002, 9254. Dixon discloses that the shank

end is securable to at least the portion of the hose, for example by crimping it to the

3 For example, the Gardner Denver 2500 referenced by Coli has 6” or 8” headers.

Supra, VII.A.3.
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hose. See id. The combination of the ferrule and the ribs or barbs on the shank makes
the shank end securable to the hose, such as when the ferrule is crimped. Id. Dixon
discloses that its fittings are “[d]urable and safe with reliable hose retention when
crimped as specified.” EX1009, 149; EX1012, 78. A POSITA would have
understood from Dixon’s disclosure that when the shank end of the ferrule is crimped
over at least a portion of the hose, it is securable to at least the portion of the hose.
EX1002, 9255.

The shank end includes an opening to receive the shank end. /d., §256. A
POSITA would have understood that when the ferrule is fitted around the shank end
before insertion of the shank into the hose, the ferrule would comprise an opening
to receive the hose. /d. The shank would be inserted into the hose, and the ferrule
would surround the hose. Id. This is consistent with the *162 Patent, which describes
“an end of the hose may be inserted into the shank end 212 and crimped, thereby
joining the hose to the fitting 200.” EX1001, 5:16-18.

h)  9[g]

The Cicci-Coli-Dixon combination renders obvious limitation 9[g]. EX1002,
919258-263. Dixon discloses a reducer positioned between the union and the shank
end, and the reducer extending at least partially into the union. Supra, §§VIL.A.2(e),

VILA.4(c), VILA.S.
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It would have been obvious to weld the reducer to the union at one end. Supra,
§VII.A.5. It further would have been obvious to weld the reducer to the shank end
at the other end. EX1002, 4258. Dixon teaches individual components of “socket
weld” hammer unions and reducers. A POSITA would have found it obvious to take
Dixon’s socket weld unions (see, e.g., EX1009, 150; EX1012, 79) and combine them
with Dixon’s weld reducers (see, e.g., EX1009, 359; EX1012, 613), and weld them
together to form a reducing fitting, like the “frac fittings” disclosed by Dixon.
EX1002, 9258. This would have been combined with Dixon’s hose shank (see, e.g.,
EX1009, 85, 91-96, 98-100; EX1012, 33-34, 67, 71, 74, 101, 104-106, 109-110) to
create a fitting that would have enabled a smaller hose size for the flow parameters
and calculations. Infra, §VII.B.6-7; EX1002, 4258.

A POSITA would have understood that Dixon’s integral fittings would have
been either machined as a single part or welded together from the individual
components. EX1002, 9259. Based on Dixon’s “socket weld” and “weld” fittings, it
would have been obvious to weld the parts together. /d. Thus, welding is one of
only a limited number of connection options to create an integral frac fitting. /d.,
9260 Accordingly, there was a finite number of ways to construct Dixon’s “Frac
Fittings,” and it would have been obvious to construct the part by welding known

parts together. /d.
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Dixon discloses that its reducer has an increasing diameter along its axial
length, consistent with the well-known construction of reducers. EX1002, 4261; see,
e.g., EX1009, 359, 360, 460, 469 (illustrating reducers with increasing diameters
along their axial length); EX1012, 575, 592, 608, 613, 628.

i) 9[h]
Supra, §VIL.A.2(f); EX1002, 4264.

8. Claim 10
Supra, §VIL.A.3; EX1002, 9265.

9. Claim 14
a) 14[a]

Supra, §VILA.6(a); EX1002, 9266.

b)  14[b]
Supra, §VIL.A.6(b); EX1002, 4266.

©  14[c]
Supra, §VILA.6(c); EX1002, 266.

B. Ground 2

The Cicci-Coli-Dixon-Liu combination renders obvious claims 1-6, 8-12, and

14. EX1002, §9267-346.

1. Motivation to Combine

A POSITA would have been motivated to combine the Cicci-Coli-Dixon

combination with Liu. EX1002, 49267-276; supra, §VII.A.1. A POSITA would have
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been motivated to use Liu’s fluid flow teachings, including fluid flow of a slurry,
into the Cicci-Coli-Dixon system. Id., 9268. Liu compiles established scientific
principles into a single reference. /d.

Liu 1s analogous art to the *162 Patent because it is reasonably pertinent to the
problem with which the inventor was involved. EX1002, 9269. The *162 Patent is
directed to the problem of fluid flow rates for fracturing operations. For example,
the *162 Patent describes “problems with flow rates, as flow rates that drop below a
threshold may experience drop out of particulates, leading to blockages and other
problems at the well site.” EX1001, 1:14-45. Similarly, during prosecution, the
applicant distinguished prior art by arguing that it did not “identify the problem
associated with efficient fluid flow rates for fracturing operations.” EX1003, 433.
Liu teaches scientific principles directly applicable to the’162 Patent’s hydraulic
fracturing systems and pertinent to the problem of efficient fluid flow rates for
fracturing operations to which the inventor was involved. EX1002, 4269.

A POSITA would have been motivated to look to Liu because Liu discloses
scientific principles applicable to the Cicci-Coli-Dixon system. EX1002, 4270. Liu
is applicable to “pipeline engineering, construction, and/or operations issues in the
real world.” EX1007, Foreword. Liu addresses piping systems containing “crude oil,
natural gas, petroleum products, water, solids and slurries.” Id. Both Cicci and Coli

discuss using fracturing fluid, which is a slurry of proppant (e.g., sand), water and
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other chemicals, in a fracturing system. EX1004, 5:15-20; EX1005, [23]; EX1006,
[0012]. Similarly, Dixon contains information about commercially available
products, including hoses and fittings, for use in “slurry” and “frac” systems.
EX1009, 11; EX1002, 4270.

A POSITA further would have been motivated to look to Liu because Liu’s
disclosure is also appropriate for analyzing and sizing piping systems (including
flexible hoses) for slurries, as disclosed by Cicci and Coli.% Id. Liu addresses not
only the “extensive network of underground pipelines” but also the “[i]n-plant
pipelines” used in most industrial plants, of which a fracturing site is one. EX1007,
Preface; EX1002, 9271. Further, Liu is useful to “engineers who must deal with
piping or pipelines in their professional work.” EX1007, Preface.

A POSITA additionally would have been motivated to look to Liu because
Liu describes piping and hoses used to transport slurries at a fracturing site, where
the pipes or hoses are horizontal throughout much of their lengths, and thus are

“nearly horizontal.” EX1002, 49273, 279; EX1007, 131. For example, Chapter 5

 Cicci and Liu further describe that “the term ‘pipe’ and ‘hose’ are used
interchangeably.” EX1004, 4:45-46; EX1005, q[19]; e.g., EX1007, 15, 336.
Accordingly, a POSITA would have understood Cicci and Liu’s teachings regarding

pipe sizing to also apply to hose sizing. EX1002, 9272.
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discusses “Flow of Solid-Liquid Mixture in Pipe (Slurry Pipelines),” and “the flow
of solid particles transported by a liquid in pipelines, namely, slurry pipelines,”
“focus[ing] on horizontal or nearly horizontal pipes with particles suspended by the
liquid.” Zd.

Accordingly, a POSITA would have been motivated to apply Liu’s established
scientific principles to understand the Cicci-Coli-Dixon system’s fluid dynamics and
to size equipment within the system. EX1002, 9274. Liu teaches that its principles
apply to piping systems, including hose systems, at least because Cicci teaches
piping and hoses interchangeably. /d. Furthermore, Liu dedicates an entire chapter
to explaining the scientific principles behind slurry flow, which apply to the slurry
used in the Cicci-Coli-Dixon system. Id.; EX1007, 131-148.

A POSITA would have been motivated to apply Liu’s principles to the Cicci-
Coli-Dixon system in order to gain the benefits of maintaining sufficient fluid
velocity and flow, and thus reducing the possibility of slurry drop-out, plugging the
hoses, damaging cavitation, as taught by Liu. EX1002, 9275; EX1007, 132-133, 269.

A POSITA would have had a reasonable expectation of success in combining
Liu with Cicci-Coli-Dixon, as Liu teaches scientific principles directly applicable to
the Cicci-Coli-Dixon slurry piping system. EX1002, 4276. Applying Liu would have
involved merely applying a well-known technique (Liu s scientific principles behind

fluid flow) to a known system (the Cicci-Coli-Dixon hydraulic fracturing system),

55



which was ready for improvement to yield predictable results. /d. The predictable
results expected would be a hydraulic fracturing system with hoses sized properly to
reduce the possibility of plugging the hoses, and minimize pressure drop. /d. Further,
a POSITA would have expected predictable results in a fracturing system using
hoses that are sized appropriately for the fluid flow. /d. Further, a POSITA would
have reasonably expected a fracturing system with reduced risk of damage, for
example, from cavitation. EX1002, 9276, infra, §§VII.B.6-7, VII.C.5.

2. Claim 1

a)  1[p]-1[c], 1[e]

Limitations 1[p]-[c], 1[e] are disclosed and/or rendered obvious by the Cicci-
Coli-Dixon-Liu combination for the same reasons as Ground 1. Supra, §§VII.A.2(a)-

(d), VILA.2(f); EX1002, 277.

b)  1[d]

The Cicci-Coli-Dixon combination discloses and renders obvious element
1[d] for the same reasons as Ground 1. Supra, §VII.A.2(e). Further, a POSITA
would have found it obvious for the second diameter to be larger than the first
diameter, based on Liu’s teachings of fluid dynamics. EX1002, §9278-292. It would
have been obvious, and a POSITA would have been motivated, for the second
diameter to be larger than the first diameter to maintain a velocity of fluid flow high
enough to avoid drop out in light of Liu’s disclosure detailed in Claims 5-7. EX1002,

14278-289; infra, §VII.B.6-7. Once a POSITA realized, based on the well-known
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principles taught by Liu, that the hose diameter would need to be smaller to reduce
the risk of damaging cavitation, fluid starving the pumps or screen-out of the hoses,
a POSITA would have looked to commercially available fittings, such as Dixon’s,
to allow the smaller hose to connect to the larger pump coupling. EX1002, 99290-
291.

3. Claim 2

The Cicci-Coli-Dixon-Liu combination renders obvious Claim 2 for the same
reasons as Ground 1. Supra, §VII.A.3. Additionally, it would have been obvious for
the first diameter to be approximately 5 inches when the flow calculations disclosed
by Liu indicate that 5 inches is an appropriate size. EX1002, 4293; infra, §§VII.B.6-
7, VIL.C.S.

4. Claim 3
Supra, §VIL.A.4; EX1002, 9346.

5. Claim 4
Supra, §VILLA.S5; EX1002, §346.

6. Claim 5

The Cicci-Coli-Dixon-Liu combination renders obvious Claim 5. EX1002,
19294-316; supra, §VIL.A.2.
It would have been obvious for the first diameter (at the end receiving the

hose) to be particularly selected based at least in part on a threshold, the threshold
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corresponding to a drop-out rate for the slurry, where the diameter is selected to
maintain velocity high enough to prevent slurry drop-out. EX1002, §296.

It would have been well-known to a POSITA that the velocity of the pipe is
based on both the flow rate and the pipe diameter. EX1002, 9295. As Liu also teaches
maintaining velocity (and flow) in the pipe high enough to prevent the drop-out of
solids (proppant) into a bed, Liu makes it obvious to select the pipe based on the
flow rate. Id.

It would have been obvious, and a POSITA would have been motivated, to
select the first diameter to maintain a velocity of the fluid flow high enough to avoid
drop out in light of the Liu’s disclosure. EX1002, 49297-298. Liu discloses selecting
the diameter of a slurry piping system (including the fitting diameter in the Cicci-
Coli-Dixon combination), to maintain velocity high enough to suspend the slurry in
the pipe and prevent “moving bed flow” or “stationary bed flow.” Id., §9299-300;
EX1007, 132. Liu discloses “moving-bed flow” and “stationary bed flow” to refer
to drop out of the slurry. EX1002, 4301. For example, Liu describes “moving-bed
flow” as when “particles settle out of the flow and form a bed,” when there is
insufficient velocity. Id. Liu further describes ‘‘stationary-bed flow” as when
“particles settle out of the bed, and they do not move in the bed,” occurring at “very
low velocity[.]” Id. This is consistent with the 162 Patent, which describes “drop

out” as particulates “drop[ping] out of the flow” when there is insufficient flow rate.
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EX1001, 1:43-45 (describing “flow rates that drop below a threshold may experience
drop out of particulates, leading to blockages and other problems at the well site.”);
id., 5:37-46 (discussing “maintaining flow rates above a threshold amount where
particulates begin to drop out of the flow™).

Liuw’s Figure 5.1 shows a drop-out rate or a velocity (tied directly to a flow
rate through Eq. 2.6) at which drop out of the slurry in the piping system is avoided.

Id., 133, Fig. 5.1; EX1002, 79302-304.

Stationary-Bod Flow
d
v
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N
‘2 Heterogeneous Flow
)
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0 —>

Mean Velocity in Pipe, V

FIGURE 5.1 Four regimes for transport of solids through pipe.

EX1007, Fig. 5.1, 133.

A POSITA would have been motivated to avoid moving-bed or stationary

flow regimes to avoid their negative consequences, including increased pressure
drop, reduced flow, and cavitation. EX1002, §964-70, 305-306; EX1007, 133, 269.

As velocity drops, the slurry enters Moving-Bed Flow or Stationary-Bed Flow,
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resulting in proppant settling at the bottom of the hose, or even cause screen-out in
a section of the hose. See id. A reduction in diameter, such as in a Moving-Bed or
Stationary-Bed regime, would increase the pressure drop in the pipe, reduce the
suction head (NPSH) at the pump, and reduce the flow through the pipe, which
would risk starving the pump of fluid and damaging cavitation. EX1007, 269;
EX1002, 9964-70, 304-306. Accordingly, a POSITA would have known and been
motivated to avoid moving-bed or stationary-bed flow regimes when designing a
piping system, and would have selected a hose diameter that keeps velocity high
enough to avoid these flow regimes. EX1002, 4307.

A POSITA would have understood that the first diameter affects the fluid flow
velocity, and accordingly the drop-out threshold, based on Liu. Id., §308. Liu
provides various equations for calculating the flow regime that a certain flow
arrangement creates. As Figure 5.1 shows, for a given particle size, there is a certain
velocity that must be maintained to stay in Homogeneous Flow or Heterogeneous
Flow. Id.; EX1007, 133.

For example, Liu teaches that the mean slurry velocity in the pipe (hose) is a
function of the flow rate through the pipe and the pipe diameter (cross-sectional
area). EX1007, 21; EX1002, 4309. In Eq. (2.6), Liu states that velocity (V in m/s) is

the ratio of the flow (Q in m?/s) to the pipe’s cross-sectional area (A in m?).

Q
VZZ
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1d. Because the pipe’s cross-sectional area is directly related to diameter, Eq. (2.6)

rewritten as a function of fluid flow and diameter (D in m) is below:

Q 40
V=T e
EX1002, 99310-311.
Liu also teaches that the pressure drop in the piping system is a function of

pipe size and flow rate. EX1002, 4312. Liu teaches that “head loss” (pressure drop)

in a pipe (including hoses) is calculated using Equation 2.33, below. EX1007, 37,

Eq. 2.33.
L V?
L=1f D E
Where:
hy = head loss (pressure drop)
f = friction factor
L = pipe length
D = pipe diameter
V = fluid velocity
g = gravitational acceleration

EX1007, 26-29; EX1002, 4312.
Liu 1s just one example of scientific principles known to a POSITA regarding

fluid and slurry flow in piping systems. EX1002, 9311. Accordingly, a POSITA
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would have known to perform the well-known calculations described in Liu and
design the piping system, including the first diameter, to maintain flow in a
homogeneous or, at the very least, a heterogeneous flow regime. /d.

The velocity in the pipe is based on both the flow rate and the pipe’s diameter.
EX1007, 21; EX1002, 9295. As Liu also teaches maintaining velocity in the pipe
high enough to prevent the drop-out of solids (proppant), Liu makes it obvious to
select the diameter based on the flow rate. /d.

As discussed above, the fluid velocity is a function of the hose diameter and
flow rate. EX1002, 99313. A smaller diameter increases velocity and pressure drop.
Id. A larger diameter reduces velocity, and if reduced too far, results in proppant
dropping out (settling out) of the slurry, leading to a further reduced diameter and,
in some cases, plugging the line. /d. A reduction in diameter, such as from forming
a bed of proppant in the hose, would also increase the pressure drop by reducing the
hose’s effective diameter, increasing the cavitation risk. Id. Pressure drop
considerations thus place a lower limit on the first diameter while slurry drop-out
considerations place an upper limit on the first diameter. /d., §314.

Therefore, sizing a hose, and the diameter for the fitting end receiving the
hose, is a standard engineering tradeoff. EX1002, §315. For a given flow rate,
increasing the diameter of the hose reduces velocity, which in turn reduces the

pressure drop in the hose, thereby reducing the cavitation risk. /d. However, in a
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slurry flow system, reducing velocity too much leads to proppant drop-out, which
reduces the cross-sectional area and increases pressure drop (or screen out), thereby
increasing the cavitation risk. /d. Selecting a particular diameter is simply
optimization of a slurry flow system, and would have been known to a POSITA,
based the Cicci-Coli-Dixon-Liu combination. /d. Accordingly, it would have been
obvious to have a first diameter (hose) particularly selected based at least in part on
a threshold, the threshold corresponding to a drop-out rate for the slurry. /d.

7. Claim 6

The Cicci-Coli-Dixon-Liu combination renders obvious Claim 6. EX1002,
19317-324; supra, §VII.A.2. Liu teaches particularly selecting the first diameter to
maintain the suggested flow rate or velocity, and avoid increased pressure drop,
reduced flow, and cavitation. Supra, §VIL.B.6. Liu further teaches that pressure drop
is a function of the hose diameter, and accordingly the first diameter (the fitting end
receiving the hose). See id.; EX1007, 26-29, 37, Eq. 2.33; EX1002, 4320.

Liu also teaches an additional upper limit on slurry velocity, and the associated
lower limit on the first diameter. EX1002, §322. Liu teaches that “wear (abrasion) to
the pipe” and “pumps, valves, and ends” is “especially serious when the [fluid]
velocity is high.” EX1007, 143. A POSITA would have understood that wear
(abrasion or erosion) considerations impact the selection of a first diameter, as a

smaller pipe would increase velocity and increase wear. EX1002, 4964-70, 322. A
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POSITA would have understood the 162 Patent’s “damage accumulation rate” to
include such “wear” or abrasion taught by Liu. Id.

Accordingly, it would have been obvious that the first diameter is particularly
selected based at least in part on a pressure drop rate, a damage accumulation rate,
or a suggested flow rate. EX1002, 4323.

8. Claim 8

a)  8[a]
Supra, §VII.A.6(a); EX1003, 4325.

b)  8[b]

Element 8[b] is disclosed and rendered obvious by the Cicci-Coli-Dixon-Liu
combination. Supra, §VII.A.6(b). Additionally, for the same reasons as Claims 57
and Limitation 1[d], it would have been obvious based on Liu’s disclosure to size
each of the hoses with the same diameter based on the flow conditions at the pumps.

EX1002, 9326; supra, §VII.B.2(b), VII.B.6-7.
c) 8c]
Supra, §VII.A.6(c); EX1003, 4325.

9. Claim 9
a)  9[pl-[d]. 9[f]-[h]
Elements 9[p]-[d] and 9[f]-[h] are disclosed and/or rendered obvious by the

Cicci-Coli-Dixon-Liu combination for the same reasons as Ground 1. Supra,

§§VIL.A.7(a)-(e), VII.A.7(g)-(1); EX1002, 4327.
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b)  9le]

Element 9[e] is rendered obvious by the Cicci-Coli-Dixon-Liu combination.
Supra, §VII.A.7(f). Additionally, it would have been obvious to use a union with a
diameter larger than the hose diameter, based on Liu’s teachings, for the same
reasons as Limitation 1[d] and Claims 5-6. EX1002, 99328-342; supra,
§§VIL.B.2(b), VIL.B.6-7.

10. Claim 10
Supra, §VIL.B.3; EX1002, 9343.

11. Claim 11
Supra, §VIL.B.6; EX1002, 9344.

12. Claim 12
Supra, §VIL.B.7; EX1002, q345.

13. Claim 14
Supra, §VIL.B.8; EX1002, 4346.

C. Ground 3

The Cicci-Coli-Dixon-Liu-Gardner-Denver combination renders obvious
Claims 1-14. EX1002, 99247-284.

1. Motivation to Combine

A POSITA would have been motivated to combine Gardner-Denver with the

Cicci-Coli-Dixon-Liu combination. EX1002, 99347-352; supra, §VIL.B.1.
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Gardner-Denver 1s analogous art to the *162 Patent because it is in the same
field of endeavor regarding hydraulic fracturing systems. EX1010, 15; EX1002,
19348-351.

Coli contains an express motivation to combine the references. Id. Coli
teaches that “[a] suitable pump is a quintuplex or triplex plunger style pump, for
example, the SWGS-2500 Well Service Pump sold by Gardner Denver[.]” EX1006,
[0046]. A POSITA incorporating Coli would have been motivated to find
information about the Gardner Denver (GD) SGWS-2500 pump, such as the
information contained in Gardner-Denver. EX1002, 4347.

A POSITA would have been motivated to look to Gardner-Denver for the
implementation details and operating parameters of incorporating the Gardner-

Denver pump disclosed in Coli, such as the below:

66



Plunger | Displacement | Displacement at Pump RPM - Well Stimulation Application
Size per
Revolution
100 150 250 330
in. gal/
rev. GPM | PSI |GPM | PSI | GPM | PSI | GPM | PSI
3.75 1.91 191 |17800| 287 |13500| 478 | 8100 | 631 | 6100
4 217 217 |15600| 326 [11800| 544 | 7100 | 718 | 5400
4.5 2.75 275 [12400| 413 | 9300 | 688 | 5600 | 908 | 4200
5 3.40 340 |10000( 510 | 7600 | 850 | 4500 | 1121 | 3400
55 4.1 411 | 8300 | 617 | 6300 | 1028 | 3800 | 1357 | 2800
5.75 4.49 449 | 7600 | 674 | 5700 | 1124 | 3400 | 1483 | 2600
6 4.89 489 | 6900 | 734 | 5300 | 1223 | 3200 | 1615 | 2400
6.5 5.74 574 | 5900 | 861 | 4500 | 1436 | 2700 | 1895 | 2000
6.75 6.19 619 | 5500 | 929 | 4200 | 1548 | 2500 | 2044 | 1900
Input BHP 2200 2500 2500 2500
Power
EX1010, 20; EX1002, 4348.
GD-2500Q PERFORMANCE RATING
Rated Brake Horsepower 2500bhp
Stroke Length 8.0 inches
Maximum Rod Load 196.350 Ibs.
Gear Box Ratio 6.353:1
Overall Length 86.25 in.(max.)
Overall Width 74.25 inches
Overall Height 43.69 inches
Weight (system dry) 14,570 Ibs.

Id.
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A POSITA would have found Gardner-Denver helpful for understanding
Coli’s teachings regarding applicable fracturing pumps, their characteristics, and the
connections. EX1002, 94350. A POSITA would have found the operating data to be
valuable in evaluating, for example, how many pumps would be necessary to pump
the fracturing fluid at the suggested rate and pressure. /d. Furthermore, a POSITA
would have found the connection data valuable in understanding what kind of
fittings would have been appropriate to connect to an applicable pump, such as the
SGWS-2500. Id.

A POSITA would have had a reasonable expectation of success in combining
Gardner-Denver with Cicci-Coli-Dixon-Liu as it is merely applying a known
technique (applying a known pump) to a known device (Cicci-Coli-Dixon-Liu’s
fracturing system) ready for improvement (the practical design of the system) to
yield predictable results (a system with an applicable pump, e.g., GD SGWS-2500).
EX1002, 9352.

2. Claim 1
a) 1[pl-[c]. 1[e]

Limitations 1[p]-[c] and 1[e] are disclosed and/or rendered obvious by the
Cicci-Coli-Dixon-Liu-Gardner-Denver for the same reasons as in Grounds 1 and 2.

Supra, §§VILA.2(a)-(d), VILA.2(f), VILB.2(a); EX1002, 354

b)  1[d]
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Supra, §§VII.A.2(e), VIL.B.2(b). The addition of Gardner-Denver renders
limitation 1[d] obvious, as Gardner-Denver discloses commercially available
fracturing pumps, for example, the Gardner Denver SGWS-2500 referenced by Coli,
with 6” or 8” headers. Infra, §VIL.C.3; EX1002, 49355-356. This would have
motivated a POSITA to combine well-known, commercially available components
designed for fracturing systems, to allow for a smaller hose size, thereby increasing
velocity, rather than going back to the manufacturer and obtaining custom inlet
headers for the fracturing pumps. /d.

3. Claim 2

Supra, §§VII.A.3, VII.B.3. It would have further been obvious for the second
diameter to be approximately six inches in light of Gardner-Denver. EX1002, §357.
Coli discloses a “SWGS-2500 Well Service Pump sold by Gardner Denver|[.]”
EX1006, q[0046]. It would have been obvious to use a fitting diameter consistent
with this disclosure. EX1002, 49357-359.

A POSITA would have understood that Coli refers to 6 inlet connections
with both threaded (for hammer union) and Victaulic style inlet connections.
EX1002, 9358. Gardner-Denver discloses suction manifolds with various
connection types, including Victaulic and threaded inlets (for hammer unions), and
fixed sizes, such as 6” and 8” inlet connections. EX1010, 76-79. For example, the

“6” Zoomie Suction Manifold Assembly Threaded Inlet” shows a hammer union end
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(red arrow) connected to a suction manifold. Id., 77. A POSITA would have

understood this to be a 6” threaded inlet (hammer union half). EX1002, 4358.

6” ZOOMIE SUCTION MANIFOLD ASSEMBLY THREADED INLET
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Ref
No. Name of Part Qty. Part No.
1 Suction Manifold 1 PP1010837
2  O-ring - Fluid End 5 107992
3 EndPlug 1 501002
4 O-ring - End Plug 1 108502
5  Wing Nut 1 PP1000686

EX1010, 77.

Other connections and sizes include 6 Victaulic, 8” threaded (hammer union)
and 8” Victaulic. EX1010, 76-79. Accordingly, Gardner-Denver, which contains
information about the GD-2500 pump specifically referenced by Coli, discloses a 6”
suction end (2nd diameter) for connection to the pump. /d. Moreover, it would have
been obvious to use a 6 hammer union to connect to the 6” inlet manifold disclosed
by Coli as hammer unions were well known. EX1002, 4359; EX1001, 3:55-4:2.

4. Claim 3
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Supra, §VII.A.4. The addition of Gardner-Denver further renders obvious
limitation 3[a], as a POSITA would have understood from Gardner-Denver that the

other half (female half) of the hammer union would have been attached to the pump:

6” ZOOMIE SUCTION MANIFOLD ASSEMBLY THREADED INLET

/'-,7\‘
\£J
\

Ref
No. Name of Part Qty. Part No.
1 Suction Manifold 1 PP1010837
2  O-ring - Fluid End 5 107992
3 EndPlug 1 501002
4 O-ring - End Plug 1 108502
5  Wing Nut 1 PP1000686

EX1010, 77; EX1002, §360.

5. Claim 7

The Cicci-Coli-Dixon-Liu-Gardner-Denver combination renders obvious
Claim 7. EX1002, 94363-378; supra, §VII.C.2. Liu discloses that pressure drop and
damage accumulation rate (e.g., wear or abrasion on the hose) would have impacted
the selection of the first diameter. Supra, VII.B.7. Pressure drop and wear are both
directly related to velocity. See id.; EX1002, 4364. Velocity (V), in turn, is related

to both flowrate (Q) and diameter (D) of the hose as shown below.
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Q 40
V=AT 2

1d. The first diameter would have been selected based on an upper limit on velocity,
above which pressure drop and/or wear would have been unacceptable. Id., §365.

In a similar manner, for any given diameter of hose, there is a maximum
flowrate above which velocity would be too high, leading to unacceptable pressure
drop or wear. EX1002, 4366. Accordingly, it would have been obvious that for any
given first diameter, there is a second threshold that corresponds to a maximum
suggested flowrate which would limit pressure drop and wear to acceptable levels.
1d. The first diameter is therefore associated with this second threshold. /d.

For example, Coli teaches blenders with outputs of approximately 100
bbl/min or 240 bbl/min. EX1006, §[0060]. As the fluid supplied by the blender
would have the same rate as the fluid entering the wellbore, Coli teaches a range of
maximum flow rates for the entire system between 100 bbl/min and 240 bbl/min
(4200 GPM to 10,080 GPM). See, e.g., EX1004, 5:17-29; EX1005, q[12]; EX1002,
9367. This total would be divided by the total number of pumps available in the
system to provide the flowrate required by each pump. EX1002, 4367. It would have
been well-known to a POSITA to select the proper number of pumps to perform the

fracturing job according to the fracturing design. Id., §368; supra, §VII.A.6(a).
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Gardner-Denver, which contains information regarding the GD-2500 pump
specifically referenced by Coli, teaches that the “operating window” for each pump
is between 191 GPM (red) and 2,044 GPM (blue), depending on the design, speed,
and well conditions. EX1010, 20. For the conditions specified in Cicci (‘5,000 PSI
to 15,000 PSI or more”), the range of each pump is 191 GPM (red) to 734 GPM

(blue). Id.; EX1004, 2:39-42; EX1005, §[12]; EX1002, 372; supra, §VILA.2(b).

Plunger | Displacement | Displacement at Pump RPM - Well Stimulation Application
Size per
Revolution
100 150 250 330
in. gal/
rev. GPM | PSI [GPM | PSI | GPM | PSI | GPM | PSI
3.75 1.91 [ 191 [17800] 287 [13500| 478 | 8100 [ 631 | 6100
4 217 217 [15600| 326 [(11800| 544 | 7100 | 718 | 5400
4.5 2.75 275 |12400| 413 | 9300 | 688 | 5600 | 908 | 4200
5 3.40 340 [10000( 510 | 7600 | 850 | 4500 | 1121 [ 3400
5.5 4.1 411 | 8300 | 617 | 6300 | 1028 | 3800 | 1357 | 2800
5.75 4.49 449 | 7600 | 674 | 5700 | 1124 | 3400 | 1483 | 2600
6 4.89 489 | 6900 [[ 734 | 5300 | 1223 | 3200 [ 1615 | 2400
6.5 5.74 574 | 5900 | 861 | 4500 | 1436 | 2700 | 1895 | 2000
6.75 6.19 619 | 5500 | 929 | 4200 | 1548 | 2500 | 2044 | 1900
Input BHP 2200 2500 2500 2500
Power
EX1010, 20.

Using Coli’s potential range of maximum flow rates (100 bbl/min to 240
bbl/min), in Cicci’s system, with 8 pumps would require a maximum flow rate

between 12.5 bbl/min (525 GPM) and 30 bbl/min (1,260 GPM) per pump,

respectively. EX1002, 4373. However, in Coli’s system with as many as 24 pumps,
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each pump would require a maximum flow rate between 4.2 bpm (175 GPM) and
10 bbl/min (420 GPM). Id. A POSITA would have understood to select or operate
the proper number of pumps (at least between 8 and 24, or any number based on
Cicci and Coli) so that the maximum flow rate, as determined by pressure drop and
damage accumulation considerations, for each pump falls within the operating
window of the pumps, as shown by Gardner-Denver. Id. In this manner, the
fracturing job would be accomplished with the minimum number of pumps, which
would be a benefit to a POSITA in reducing capital expenditures and potentially
operating costs (for example, lower fuel or electricity consumption). EX1002, 4374.
It would have been obvious that the operating window for the pump would exceed
the maximum flowrate determined by the pipe size, based on pressure drop and/or
wear (damage accumulation). /d.

Further, as there are a finite number of sizes of piping systems available (such
as the approximately 4-8 inch sizes shown in Dixon’s “frac hose” disclosure), and
the operating window for pumps is so large (e.g., 4.5-48.66 BPM shown in Gardner-
Denver), it would have been obvious that the operating window of the pump would
exceed the second threshold. /d., §375.

Accordingly, the Coli-Cicci-Dixon-Liu-Gardner-Denver combination render
obvious a maximum suggested flow rate, an operating window for the electric

powered pump exceeding the maximum suggested flow rate. Id., §376. Because the
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maximum suggested flowrate depends on the first diameter, the second threshold,
corresponding to a maximum suggested flowrate, is associated with the first
diameter. /Id., §377; supra §§VII.B.6-7.

6. Claim 9
a)  9[pl-[d]. 9[f]-[h]
Limitations 9[p]-[d] and 9[f]-[h] are disclosed and/or rendered obvious by the

Cicci-Coli-Dixon-Liu-Gardner-Denver combination for the same reasons as

Grounds 1 and 2. Supra, §§VIL.A.7(a)-(e), VIL.A.7(g)-(1), VII.B.9(a); EX1002, 4380.

b)  9fe]
Supra, §§VILA.7(f), VILB.9(b), VILC.(b); JEX1002, 381.

7. Claim 10
Supra, §VIL.C.3; EX1002, q382.

8. Claim 13
Supra, §§VIL.C.5; EX1002, §384.

9. Claims 4-6, 8, 11-12, and 14

Claims 4-6, 8, 11-12, and 14 are disclosed and/or rendered obvious by the
Cicci-Coli-Dixon-Liu-Gardner-Denver combination for the same reasons as
Grounds 1 and 2. Supra, §§VIL.A.4-6, VIL.A.9, VII.B.4-8, VIL.B.11-13; EX1002,
19361-362, 383.

D. Grounds 44 and 4B

1. Motivation to Combine

75



A POSITA would have been motivated to combine Kemper with the Cicci-
Coli-Liu-Dixon combination, with or without Gardner-Denver. EX1002, 99386-
394; supra, §VIL.A.1, VIL.B.1, VIL.C.1.

Kemper is analogous art to the 162 Patent as it relates to the same field of
endeavor of hydraulic fracturing systems. EX1002, §392; EX1008, 1.

A POSITA would have been motivated to incorporate Kemper, as Kemper
discloses integral fittings that contain a hammer union, reduced to connect to an
additional fitting. EX1002, q9387-391; EX1008, 1. Kemper describes “Union
Swages,” which have a union on one end that reduces to a different type of
connection on the other end. EX1008, 1. Kemper describes union swages for use in
“oilfield service, stimulation and test systems where Hammer Union pipe connector

modularity is essential.” EX1008, 1.

Kemper Integral Hammer Union Swages can replace couplings or nipples in olfield service,stimulbtion and test systems where Hammer Union

pipe connector modularity is essential.Standard AP thread types and Union Figure Number combinations are stocked for immediate defivery and
custom combinations can be delivered to order with minimal lead times.Because Kemper Integral Hammer Union Swages are made to factory

specifications, service company users can be assured of exact, union compatabdility and API thread spec complance,

Kemper also discloses the availability of “custom combinations.” EX1008, 1.
A POSITA would have recognized that Kemper’s configurations had threaded
connections, instead of connectors to connect to hoses (shanks or barbs), and would

have been motivated to design and construct a “custom combination” of union swage

with a barb or shank fitting, based on Dixon. EX1002, 4391.
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A POSITA would have had a reasonable expectation of success in
incorporating Kemper into the Cicci-Coli-Dixon-Liu system, with or without
Gardner-Denver, because it uses a known technique (commercial fittings including
union swages) to a known system (the Cicci-Coli-Dixon-Liu fracturing system
incorporating Dixon’s reducing Frac Fittings) ready for improvement (reducing the
size between the union and the fitting’s other end) to yield predictable results
(reducing the size between the union and the fitting’s other end). EX1002, 4393.

2. Claim 1

a) 1lp]
Supra, §VILA.2(a); EX1002, §396.

b) 1[a]
Supra, §VILA.2(b); EX1002, 1396.

c) 1[b]
Supra, §VILA.2(c); EX1002, 1396.

d  1[c]
Supra, §VILA.2(d); EX1002, 9396.

e) 1[d]
Supra, §§VII.A.2(e), VIL.B.2(b), VII.C.2(b). Kemper also discloses the fitting

in Limitation 1[d]. EX1002, 99397-403. Kemper discloses fittings referred to as

“union swages,” which have a union on one end that reduces to a different type of
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connection on the other end, with a smaller diameter than the first end’s diameter.
1d.; EX1008, 1.

Kemper describes union swages for use in “oilfield service, stimulation and
test systems where Hammer Union pipe connector modularity is essential.” EX1008,

l.

Kemper Integral Hammer Union Swages can replace couplings or nipples in olfield service,stimubtion and test systems where Hammer Union
pipe connector moduarity is essential. Standard AP] thread types and Union Figure Number combinations are stocked for immediate defivery and

custom combinations can be delivered to order with minimal lead times.Because Kemper Integral Hammer Union Swages are made to factory

specificalions, service company users can be assured of exact, union compatabifity and APT thread spec complance,

Kemper illustrates union swages, which shows the end connecting to the pump
(second end) having a larger diameter (second diameter) than the diameter (first

diameter) of the end connecting to the pipe or hose (first end):

UnionEnd  Threaded end

o/

T

reducer

EX1008, 1. Kemper illustrates what a POSITA would have understood as a reducer

between the pipe thread end and the union end. EX1002, 49399-400.
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Kemper shows various union swages that couple a larger union to a smaller
connection, such as, for example, a 4” female union to a 3” line pipe thread and a 3”

female union to a 2 7/8” EUE 8 round thread.

2" 1502 FEMALE X 5 V2" 8RD SC 15155W2X555C 10,000 212

3* 1502 FEMALE X 2" LPTL 15035W2X2L 10,000 128

3" 1502 FEMALE X 2 3/8" EUE 8RD 1503SW2X2375€ 10,000 12
[371502 FEMALE X 2 7/8" EUE 8RD 1503SW2X2875€ 10,000 126 |
3° 1502 FEMALE X 3" LPT 15035W2X3L 10,000 133

3" 1502 FEMALE X 3 %" EUE 8RD 15035W2X35€ 10,000 144

3* 1502 FEMALE X 4" LPT 15035W2X4L 10,000 123

3% 1502 FEMALE X 4" 8RD SC 1503SW2X4SC 10,000 -

3* 1502 FEMALE X 4" 8RD LC 15035W2XALC 10,000 .

3" 1502 FEMALE X § ¥, 8RD SC 15035W2X555C 10,000 232

3* 1502 FEMALE X 7" 8RD SC 1503SW2X7SC 10,000 28,5

4" 1002 FEMALE X 2" LPT 1204SW2X2375€ 10,000 18.5

4" 1002 FEMALE X 2 3/8" EUE 8RD 1204SW2X2375€ 10,000 185

4" 1002 FEMALE X 2 7/8" EUE 8RD 12045W2X2875€ 10,000 1838
|4* 1002 FEMALE X 3" LPT 1204SW2X3L 10,000 -
4* 1002 FEMALE X 3 %" EUE 8RD 1204SW2X35E 10.000 196

EX1008, 1; EX1002, 4401.

A POSITA would have recognized that Kemper’s specific configurations had
threaded connections, instead of connectors to connect to hoses (shanks or barbs),
and would have been motivated to design and construct a “custom combination” of
union swage with a barb or shank fitting, based on Dixon. EX1008, 1 (disclosing

“custom combinations™); EX1002, 9402.

f)  1le]
Supra, §VILA.2(f); EX1002, 396.

3. Claim 2

Claim 2 would have further been obvious in view of Kemper. EX1002, 49404-
407; supra, §§VILLA.3, VILB.3, VIIL.C.3, VIL.D.2. A POSITA would have

understood from Dixon and Kemper that combinations of sizes other than those
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specifically disclosed would have been available. EX1002, 9405; EX1008, 1
(disclosing “custom combinations”). A POSITA would have ordered custom
combinations to connect standard pump connection sizes (e.g., 6”’) to a smaller, 5”
connection, when a 5” hose is desired, either based on Cicci’s 1-8 inch hose
diameters, and/or when Liu’s calculations indicate that 5” is the appropriate size,
based on the balanced velocity considerations. EX1002, §9405-406; EX1001, 3:65-
4:2.

4. Claim 3

Supra, §VII.LA.4, VII.B.4, VII.C.4, VII.D.2. Kemper additionally discloses a

reducer, as recited in 3[c]:

Union End Threaded end

/

T

reducer

EX1008, 1; EX1002, 99408-409.

5. Claim 9
a) 9[pl-[d]. 9[f]-[h]
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Limitations 9[p]-[d] and 9[f]-[h] are disclosed or rendered obvious by the
Cicci-Coli-Dixon-Liu-Kemper combination, with or without Gardner-Denver, for
the same reasons as Grounds 1-3. Supra, §§VIL.A.7(a)-(e), VIL.A.7(g)-(1),

VILB.9(a), VILC.6(a); EX1002, 411.

b)  9le]
Supra, §§VILA.7(f), VILB.9(b), VIL.C.6(b), VIL.D.2(c); EX1002, 412.

6. Claim 10
Supra, §VIL.D.3; EX1002, 9413.

7. Claims 4-8, 11-14

Claims 4-8 and 11-14 are disclosed and/or rendered obvious by the Cicci-
Coli-Dixon-Liu-Kemper combination, with or without Gardner-Denver, for the
same reasons as Grounds 1-3. Supra, §§VII.A.5-6, VIL.LA.9, VIL.B.5-8, VIL.B.11-13,
VII.C.7. Adding Kemper renders these claims obvious for the same reasons as 1[d]
and 9[d], from which they respectively depend. Supra, §§VIL.D.2(e), VII.D.5(b);
EX1002, 99410, 414.

E. Grounds 5A and 5B
1. Motivation to Combine

A POSITA would have been motivated to combine ANSI/HI 6.1 with the
Cicci-Coli-Liu-Dixon-Gardner-Denver combination, with or without Kemper, and
would have had a reasonable expectation of success in doing so. EX1002, q9415-

424; supra, §§VII.C.1, VIL.D.1.
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ANSI/HI 6.1 is analogous art to the 162 Patent because it is directed to the
same field of endeavor of hydraulic fracturing systems. EX1002, 94416; EX1011, 11.
ANSI/HI 6.1 also would have been reasonably pertinent to the problem with which
the *162 Patent is concerned—fluid flow rates for fracturing operations—as ANSI/HI
6.1 relates to sizing hydraulic pumps and piping to maintain sufficient fluid velocity
or flow. EX1011, 11. ANSI/HI 6.1 is a standard approved by the American National
Standard when consensus is established. EX1011, 3; EX1002, 49417-418.

A POSITA would have understood that ANSI/HI 6.1 is directed towards the
hydraulic fracturing pumps in the Cicci-Coli-Dixon-Liu-Gardner-Denver system.
EX1002, 9419; EX1011, 9-11. For example, Coli’s “triplex or quintuplex plunger
style fluid pump,” is a reciprocating pump to which ANSI/HI 6.1 relates. EX1006,
I9r0011], [0015], [0035], [0046], [0050], Claims 6-7, 27; EX1002, 9419.
Accordingly, a POSITA would have looked to ANSI/HI 6.1 for implementation
details for the pump in the Cicci-Coli-Dixon-Liu-Gardner-Denver system, with or
without Kemper. EX1002, 9419.

Further, ANSI/HI 6.1 describes reciprocating power pumps to pump slurry, as
would have been used in the Cicci-Coli-Dixon-Liu-Gardner-Denver system, with or
without Kemper. EX1002, §420; supra, §§VIL.A.1, VIL.B.1. ANSI/HI 6.1 discloses
that “[r]eciprocating pumps are used to handle slurries for in-plant process and

pipeline applications.” EX1011, 11. A POSITA would have recognized that “in-
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plant” applications would include a hydraulic fracturing plant, such as the Cicci-
Coli-Dixon-Liu-Gardner-Denver system, with or without Kemper. EX1002, 9420.
Like Liu, which discloses that slurry velocities should be maintained between
a minimum velocity (high enough to prevent solid dropout) and a maximum velocity
(low enough to prevent unacceptable pressure drop or wear), ANSI/HI teaches sizing
pumps’ hydraulic passages within operating carrying velocities, and below a highest
velocity which would otherwise cause “excessive erosion.” EX1011, 11. A POSITA
would have been motivated to apply these teachings to slurry passages of pumps and
hoses in the Cicci-Coli-Dixon-Liu-Gardner-Denver system, with or without
Kemper, to obtain the benefits of avoiding such excessive erosion, which would
damage the pipe and equipment. EX1002, 9421. A POSITA would have had a
reasonable expectation of success in doing so because the same slurry passes through
the passages of the pump and the hoses, and the same scientific principles apply. /d.
Liu discloses wear (abrasion) at high velocities. Supra, §VII.C5. A POSITA
would have been motivated to look to ANSI/HI 6.1 for implementation details of
how to avoid damaging erosion. For example, ANSI/HI 6.1 teaches that the “critical
carrying velocity” is “the mean velocity of the specific slurry in a particular conduit,
above which the solids phase remains in suspension and below which solid-liquid
separation occurs.” EX1011, 10. A POSITA would have understood that the

“excessive erosion’ that ANSI/HI 6.1 teaches to avoid is the same wear/abrasion that
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Liu teaches occurs with high-velocity slurries. EX1002, q9421-422. Accordingly,
ANSI/HI 6.1 and Liu’s teachings are complimentary. Id., §422.

ANSI/HI 6.1 provides real-world examples of numbers, applying Liu’s
principles. Id., §423. Accordingly, a POSITA would have been motivated to apply
the slurry velocity limits in ANSI/HI 6.1 when applying Liu’s principles to the Cicci-
Coli-Dixon-Liu-Gardner-Denver system, with or without Kemper. Id. A POSITA
accordingly would have been motivated to look to ANSI/HI 6.1 for implementation
details. /d.

A POSITA would have had a reasonable expectation of success in applying
ANSI/HI 6.1 to the Cicci-Coli-Dixon-Liu-Gardner-Denver system, with or without
Kemper, because the combination merely applies a known technique (practical limits
on slurry velocity) to a known system (hydraulic fracturing system) ready for
improvement (the practical application of Liu’s principles) to yield predictable

results (minimizing proppant drop out and wear/abrasion/erosion). EX1002, 9424.

2. Claim 7
Supra, §VII.C.5. ANSI/HI 6.1 further renders Claim 7 obvious. EX1002,

9425-432. For example, ANSI/HI 6.1 teaches that, when pumping a slurry,
“hydraulic passages should be sized to that the lowest velocity of the liquid will be
above the critical carrying velocity of 1.2 to 1.8 m/s (4 to 6 ft/s) as an average. The

highest velocity should be below that which causes excessive erosion. Typical
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average operating velocities through a reciprocating slurry pump's passages are 1.8
to 3.6 m/s (6 to 12 ft/s).” EX1011, 11. A POSITA would have recognized that this
applies to the Cicci-Coli-Dixon-Liu-Garder-Denver hoses’ hydraulic passages,
particularly considering Liu’s abrasion teachings. EX1002, q9427-428. A POSITA
would have been motivated to obtain the benefits of avoiding excessive erosion,
which would damage the pipe and equipment. /d. It would have been obvious to
apply such teachings to the hoses because the same slurry passes through the pump
and hoses. /d.

A POSITA would have understood, based on these combined teachings, that
slurry velocities should be maintained between 1.8-3.6 m/s (6 to 12 ft/s) to minimize
slurry drop out and wear/abrasion/erosion. /d., §429. For any given hose diameter,
there is a maximum flow rate above which velocity would exceed 12 ft/s, leading to
unacceptable pressure drop or wear. Id. Further, for any given hose diameter, there
is a minimum flow rate above which velocity would be below 6 ft/s, leading to
unacceptable slurry drop-out. /d. Accordingly, it would have been obvious that the
first diameter is associated with a second threshold that corresponds to a maximum
flow rate which would limit pressure drop and wear to acceptable levels. /d.

Applying Liu’s formula, it would have been obvious to calculate minimum
and maximum flowrates applying ANSI/HI 6.1’s limits for certain hose sizes, as

shown below:
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Diameter
of Hose
(inches)

3
4
5

EX1002, 9430; supra, §VIIL.C.5.

Minimum Maximum
Flowrate
(BPM)

3.15
5.60
8.74

Flow

Rate

(BPM)

6.29
11.19
17.49

Gardner-Denver describes that its pump has a range of operations, teaches

that the “operating window” for each pump is between 191 GPM (4.5 BPM, red)

and 2,044 GPM (48.66 BPM), depending on the design, speed and specific well

conditions. EX1010, 20; supra, §VII.C.5. For Cicci’s conditions (“5,000 PSI to

15,000 PSI or more”), the range of each pump is 191 GPM (4.5 BPM, red) to 734

GPM (17.5 BPM, blue). EX1004, 2:39-42; EX1005, 9[12].

Plunger | Displacement | Displacement at Pump RPM - Well Stimulation Application
Size per
Revolution
100 150 250 330
in. gal/
rev. GPM | PSI ([GPM | PSI | GPM | PSI | GPM | PSI
3.75 1.91 [ 191 [17800] 287 [13500| 478 | 8100 | 631 | 6100
4 217 217 |15600| 326 [11800| 544 | 7100 | 718 | 5400
4.5 2.75 275 |12400| 413 | 9300 | 688 | 5600 | 908 | 4200
5 3.40 340 [10000( 510 [ 7600 | 850 | 4500 | 1121 | 3400
55 4.11 411 | 8300 | 617 | 6300 | 1028 | 3800 | 1357 | 2800
5.75 4.49 449 | 7600 | 674 | 5700 | 1124 | 3400 | 1483 | 2600
6 4.89 489 | 6900 [[ 734 | 5300 | 1223 | 3200 | 1615 | 2400
6.5 5.74 574 | 5900 | 861 | 4500 | 1436 | 2700 | 1895 | 2000
6.75 6.19 619 | 5500 | 929 | 4200 | 1548 | 2500 | 2044 | 1900
Input BHP 2200 2500 2500 2500
Power
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EX1010, 20. A comparison of the operating range of the Gardner-Denver pump with
the practical maximum flowrate thresholds described by ANSI/HI 6.1, applying the
principles of Liu, shows that the operating range exceeds the maximum flowrate
threshold of the hose sizes which would have been obvious. EX1002, 4431.

VIII. CONCLUSION

Petitioners respectfully request infer partes review of the ’162 Patent be

instituted and that the challenged claims be canceled as unpatentable under

35 U.S.C. §318(b).

Respectfully submitted,

BAKER BOTTS L.L.P.

Ittt

Chad C. Walters (Reg. No. 48,022)

Lead Counsel for Petitioners

Date: August 29. 2025

2001 Ross Ave., Suite 900
Dallas, TX 75201-2980
Phone: (214) 953-6511

Fax: (214) 661-4511
chad.walters@bakerbotts.com
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