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Q. And just to be clear, Thomson does
not disclose pumping fracturing fluid
iInto an open-hole annular segment,
right?

A. The paper does not describe that,
no. The paper describes through a
cemented casing In this case.

Ex. 2085, A. Daneshy Depo. at 54:10-14




Q. Was one of the goals of Ellsworth
to create multiple fractures through
open-hole annular segments?

A. It was not therr main goal, no.
Q. Did they do that?

A. No, they didn"t need to do that.
That"s why they didn"t do 1It.

Ex. 2085, A. Daneshy Depo. at 78:22-79:2




Q. Does the Ellsworth reference
describe hydraulic fracturing?

A. It describes acid stimulation,
and 1t doesn"t get i1Into what
pressures were used. So 1t’s not
easy to discern whether the acid
fractured the rock or not.

Ex. 2044, V. Rao Depo. at 66:17-67:6




Petitioners must prove a motivation to remove a component.

Pozen Inc. v. Par Pharm., Inc., 696 F.3d 1151, 1163 (Fed. Cir. 2012)

Amkor Tech., Inc. v. Int'l Trade Comm'n, 692 F.3d 1250, 1260 (Fed. Cir. 2012)
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Q. Does the Thompson reference
explain why the authors use
cemented casing In the horizontal
portion of the well?

A. They don"t go Into 1t. As far
as | can understand, the prior
wells 1n that platform had used
casing and cementing and so -- and
they were asked to improve the
efficiency of the prior wells, so
they continued to use what was
being used. 1 doubt 1t was a
decision point.

Ex. 2044, V. Rao Depo. at 65:11-19
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Harold McGowen - Fracturing Experience
e President and CEO, Navidad Resources LLC

e Overseen over 200 wellsites for NRL
e Voted best CEO for a medium size producer (TIPRO)

e Performed multi-year fracturing fluid performance
study on 1,000 Codell-Niobrara refracs.

e Performed reserves projections and economic
evaluation of 250+ Bossier/Cotton Valley wells in the
Bossier trend.

Ex. 2050 at 54




Dr. Ali Daneshy — Fracturing Experience

e Director of Petroleum Engineering at University of
Houston

e \/P of Integrated Technology Products at Halliburton
e SPE Distinguished Lecturer
e Academic papers related to fracturing

12




Q. Did you write your report?
A. Did 1 write 1t personally? No.

[- - -]

Q. When you say reports, and 1 may
have saild reports, but we"re talking
about your declarations, right?

A. Yeah, exactly.

Ex. 2017, A. Daneshy Depo. at 123:24-25, 124:17-20




. Well, let me just ask you this.
hat"s your understanding of the legal
test for proving that a patent claim i1s

obvious?

A. You"re asking the wrong person. |
think the definition 1Is somebodg -— a
person of ordinary skill would be able
to use the -- a person of ordinary skill
would arrive at that, would come to the
conclusion, I think. 1 don"t want to
give you -- because | know this 1s_
something that 1s -- 1"ve worked with
patent lawyers and this 1Is one of_those
Subjects that every time you get Into

iIt, each patent lawyer describes i1t
different than others. But if a person
of ordinary skill would arrive that 1t
can be done. Based on existing available
information, existing knowledge, they
would say 1t could be done.

Ex. 2017, A. Daneshy Depo. at 123:24-25, 124:17-20




In the very fTirst declaration that Dr.
Daneshy gave, he did not render a conclusion
on the legal I1ssue of obviousness with
respect to Thomson and I1ts use In an open-
hole 1n combination with the Ellsworth
reference.

Ex. 2085 at 39:22-40:1 (Petitioners’ counsel)
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SPE 164009

Open Hole Multi-Stage Completion System in Unconventional Plays:

Efficiency, Effectiveness and Economics.
Alberto C ro, Hammed Adetashe, Kevin Phelan, BP America Inc.

here.
d and
Turing peoirt:
sysiem has in
proach
number of
isadvaniages o

ill focus on a4 numb
hydrauli (e oI hc cos C 55 1§ the overall risk
the OHDM

Introduction

s fairly simple, hori
v this means an improved production rate compared 1o
ird and the i

Exhibit 200
IPR2016-005

The P&P approach was the initial lower
completion methodology that allowed the
effective deployment of multi-fracture
treatments in horizontal wells . . .

Ex. 2001 at 5, A. Casero, Open Hole Multi-Stage Completion System in
Unconventional Plays: Efficiency, Effectiveness and Economics, SPE
164009 (2013); see also Ex. 2050, McGowen Decl. at 26; Paper 51, POR
at 13-15.
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Q. Why does that difference matter?
MR. GARRETT: Objection, form.

A. Because the location of the
fracture 1nfluences [well]
productivity and how the reservoir iIs ¥
being depleted. You want uniform
depletion of reservoir fluid so that
you get as much of the oil or gas out
of the formation; and so for that, It
IS better to know more accurately
where the fractures are located.

Ex. 2017, A. Daneshy Depo. at 21:13-20
Ex. 2050, McGowen Decl. at 28
Paper 51, POR at 14
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Q. What do you mean by that?

A. You are talking about two systems
which are very different iIn the way
they fracture. In a cemented liner
completion, as | mentioned, when you
create a fracture, 1t 1Is where the
perforations are. When you use
external casing packers, the fracture
—-— with ports, with fracture ports --
the fracture can be anywhere between
the two external casing packers.

Ex. 2016, A. Daneshy Depo. at 21:5-12




When you fracture the well from
perforations, your fracture 1s likely
to be right at or very near the
perforation. And since the
perforations -- the perforated
interval 1In the well 1s a very short
interval. It could be 12 iInches, 18
Inches, as opposed to open space
between two packers that could be 300
feet, 400 feet. So when we say
control, that"s the extent of It,
whether within a few feet or within
several hundred feet.

Ex. 2016, A. Daneshy Depo. at 29:8-16




A POSITA would be aware that
there was an optimum distance
between stages and that
fracture spacing was critical
to commercial success.

Ex. 2050, McGowen Decl. at 28
Paper 51, POR at 13-15




Q. Why would you care about
controlling where a fracture
initiates within a 12-to-18-i1nch
span versus a 300-to-400-foot
span?

A. Because | want to produce the
well 1n an optimum fashion. It
influences the productivity of the
well.

Ex. 2017, A. Daneshy Depo. at 29:17-23




IT you put a fracture at plus 10
(which 1s 10 feet from that
packer, on one side of 1t) and
minus 10 (which 1s 10 feet from
the packer on the other side of
1It), these two packers are 20 feet
apart from each other. They
basically drain the same segment
of the well. You are not getting
as much benefit from this as the
case when the fracture i1s In the
100 feet from the packer on one
side and 100 feet from the packer
on the other side.

Ex. 2017, A. Daneshy Depo. at 30:6-14




During the period In question,
It was thought that the
formation of multiple
hydrauli1c fractures that were
too close together would also
create complex near wellbore
fracture geometries that were
thought to be detrimental to
successful fracture treatments
and subsequent production.

Ex. 2050, McGowen Decl. at 29
Paper 51, POR at 13-15
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A Case History: Completion and Stimulation of Horizontal Wells with Multiple

Transverse Hydraulic Fractures in the Lost Hills Diatomite
M A. Emanuele, Chevron U.S.A. Production Company, W.A. Minner and L. Weijers, Pinnacle Technologies, E. J.
Broussard and D. M. Blevens, Chevron U.S.A. Production Company and B. T. Taylor, Dowell Schlumberger
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This paper was preparsd for presentation ai the 1908 SPE Focky Mcuntain Regional
Conference, Danver, U.S.A., 1998,

This paper was salected for presentation by an SPE Program Committes following review of
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Abstract

The Lost Hills Field Diatomite has taditionally been
developed using vertical wells completed with multiple
propped hydraulic fracture treatment stages. As the main
portion of the field is nearing full development at 2%-acres per
producer, the search for additional reserves has moved out to
the flanks of t eld’s anticlinal structure. Due to limited pay
thickness, “these flank portions of the field will not support
economic vertical well devefopment. The use of horizontal
wells was determined to have the best chance to economically
develop these areas of the field. To evaluate this development
concept, three horizontal wells were drilled and completed
over the time period from November 1996 to December 1997.

To assist with the horizontal well design and evaluation,
several vertical data wells were drilled offset and parallel to
the intended well path of each horizontal well. Additionally,
two vertical core wells were, drilled in line with the toe and
heel of the horizontal well paths. These data wells were
utilized to estimate properties such as in-situ stress profiles,

pore pressure gradients, rock properties and fluid saturations, _

and to determine horizontal well vertical depth placement.
The horizontal wells were then drilled in the direction of
minimum horizontal stress (transverse to the preferred
hydraulic fracture orientation) and completed with multiple-
staged propped hydraulic fracture treatments.

During the completion of the three horizontal wells,

hydraulic fracture growth behavior was characterized using
surface tiltmeter fracture mapping and real-time fracture
pressure analysis, In the third horizontal well, downhole

tiltmeter fracture mapping was also used. This combination of
fracture diagnostics provided significant insights into hydraulic
fracture behavior, allowing diagnosis of anomalous fracture
growth behavior and evaluation of remediation measures.
Fracture diagnostics during the first horizontal well revealed
an unexpectedly complex near-wellbore fracture geometry, a
result of fracture initiation problems. These problems slowed
the completion process and severely harmed the effectiveness
of the fracture-to-wellbore connection. In the subsequent
horizontal wells, a number of design and execution changes
were made which resulted in simpler near-wellbore fracture
geometry and a greatly improved production response.

The paper provides an overview of the completion and
stimulation of all three horizontal wells, describes the lessons
learned along the way, and discusses the implications for
future Lost Hills horizontal well development. )

Lost Hills Field Setting and Horizontal Well Rationale

Ficld Description. The Lost Hills Ficld is an asymmetric
anticline, approximately one mile wide and twelve miles long,
located in Kern County, California, approximately 45 miles
northwest of Bakersfield (see Figure 1). The anticline trends
NW-SE, nearly parallel to the San Andreas Fault. The main
reservoir is approximately 1000 ft thick, occurring at depths
ranging from 1000 to 3000 ft.

The main reservoir rock is the Belridge diatomite, which
has a primary constituent of siliceous shells that arc the
remains of single-celled, algae-like plants called diatoms.
These diatoms were plentiful in the shallow marine
environment during the late Miocene (5-10 million years ago),
in what is now California's San Joaquin Valley. Due to the_
open structure and round shape of the small (50 um-diameter)
diatoms, porosity can be as high as 65%, while permeability is
typically much less than 1 mD (see Table 1). With such high
porosity, lithostatic (overburden) gradients are relatively low
at 0.79 - 0.82 psi/ft.

The thickness of the reservoir ranges between 600 and.
1200 ft. Throughout the field, key reservoir properties change
at a depth varying between 1900 and 2700 fi, where the

Ex. 2066

IPR2016-01509

Fracture diagnostics during the first
horizontal well revealed an unexpectedly
complex near- wellbore fracture
geometry, a result of fracture initiation
problems. These problems slowed the
completion process and severely harmed
the effectiveness of the fracture-to-
wellbore connection.

Ex. 2066 at 1, Emanuele, SPE 39941 “A Case History:
Completion and Stimulation of Horizontal Wells with Multiple
Transverse Hydraulic Fractures in the Lost Hills Diatomite”
(1998); Ex. 2050, McGowen Decl. at 27-29.



Methodology to Predict the Initiation of
Multiple Transverse Fractures from
Horizontal Wellbores

D.G. CROSBY, E YANG, 5

5. HAHMARN
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Absfract

Multi-stage, trarsverely Guctured hozosial wellbones ave
the: potentisl to gready acrease produciion Brom ke permessils-
ty formasons. Such completions e, bowever, suscepiisle o
problzms smcciated with pear-wellbore iortuosity, parsoulsy
mulipl: fraciuring fom Lhe same perforaied imierval. A criten-
on, based on that by Drocker and Prager, bas besn derfved,

wedlbone: pressures egquired o lalSale sec-
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transversely fractured horizontal wellbores are
still plagued by a number of problems, most
of which stem from the complex fracture geo-
metries connecting the wellbore to the main
fracture. These complex fracture geometries
usually take the form of multiple fractures,
twisted fractures, H- or S-shaped fractures

Ex. 2063 at 2, Crosby, D.G., “Methodology to Predict the Initiation of
Multiple Transverse Fractures from Horizontal Wellbores” (2001); Ex.
2050, McGowen Decl. at 27-29.

Ex. 2039

IPR2016-00598
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A Case Study for Drilling and Completing a Horizontal Well in the Clinton Sandstone
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Abstract

Horizontal well drilling for ihe recovery of natural gas and
oil has been touted as the pan: for optimum recovery
from hydrocarbon oirs,  This technology has tk‘m
applied o reservi throughout the world, pri
environments such as the Marth Sea off the coast of Great
Britain and the Austi Ik in Sowtheastem Texas. To
date, wery few wel have been attempted in  the
Appalachian Basin, test this technelogy in the
Appalachian Ba ffort between Belden & Blake
Corporation and the US. DOE resulted in the first
nurllnm.ﬂ well ruurnsru”\- drilled and =I:|mulalrd n thr

|:l develnpmema] i
ober 1993 and dr

Clinton interval ¢ Clinton imterval footage
greater than 85 n:lrgrces was about 1,142 feet. Three
hydraulic frace
within the horizo -.ulllmre 3
i | well drilled in the Choton Sand interval,
able knowledge and experience was pained in

The actal drilling
Frig vime, The well was
Il of 1994 and placed on

the il production
nmduumr. is

well in the area, thr.' CW #] 4-is ;um!ntl}' estimated to have
an ultimate recovery in the range of 330 10 400 MMCFE
s approximately 1.6 1o 2.0 :

..Il[EFTlﬂ'll‘d? for prlmar'.
further improvements im
cant ..mr rc.:lu..riﬂr At

applications

perhaps for n.:luml gas st
drillng pmjecl_ however, suc
extremely hard and abrasiv

major techi omplishment for drilling a well of thi
Lype in the Appalachian Basin,

Intrudul;tlun
inton Sand 15 a low permeable gas reservoir |n
_I|.|u with

o formation in Smith T

projecied to be about 205 million cubic feei of gas

Ex. 2100
IPR2016-01509

[A] decision was made to attempt a cased hole
completion with a perforated interval not to
exceed two (2) feet. It has been documented
In literature and field proven that a smaller
focused perforated interval (2 to 3 feet)
enables a major fracture system to be initiated
rather than several minor fractures which
compete for fracturing fluid and ultimately are
unable to propagate and extend.

Ex. 2100 at 9, Murray, SPE 37354 “A Case Study for Drilling and
Completing a Horizontal Well in the Clinton Sandstone” (1996); Ex.
2081, McGowen Decl. at 24.
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Openhaole Multistage vs Plug-n-Perf Completions

Sleeves vs Shots—The Debate Rages

by Richard . Ghiselin, & Several years ago, conventional wisdom
held that a few widely spaced long
length fractures were the best way to
fully exploit the reservoir and ensure
maximum economic ultimate recovery.

Paper 51,
Ex. 2011 at 4 POR at 25
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Openhaole Multistage vs Plug-n-Perf Completions

Sleeves vs Shots—The Debate Rages

Recent experience has shown, however,
by Richard C. Ghiseln, .. that numerous closely spaced short
fractures produce better results over the
life of the reservoir. This outcome would
seem to tilt the scale in favor of OHMS
owing to its superior efficiency, but
OHMS is not the predominant technique
in many plays.

Paper 51,
Ex. 2011 at 4 [HESAASiey




A. . . . That’s what a single
fracture would have looked like. When
you put 20, 30, 40 of these together,
then they don"t look like that.

Q. What do they look like?

A. Today the Industry uses the term
“complex” because they don"t really
know what 1t looks like.

Ex. 2085, A. Daneshy Depo. at 87:16-23




Q. Are persons of skill 1In the art
today trying to create complex
fractures?

A_ Yes.

Q. In the past, would a person of
skill In the art try and avoid
complex fractures?

A. When 1s "'past''?
Q. The time before 2001.

A. Yes, when we fractured vertical
wells, we did not want to create
complex fractures.

Ex. 2085, A. Daneshy Depo. at 89:11-22




Q. Back before 2001, how did persons
of skill In the art expect fractures

to behave?

A. They expected them to behave just
like they did 1n vertical wells.

Ex. 2085, A. Daneshy Depo. at 81:8-13




Ex. 2078 at 6 (Abass)

Fig. 6—Nonplanar fracture geomeiries.
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For a normal hydraulic
fracturing treatment where
proppant Is used, 1T there 1Is
a leak around a packer during
the hydraulic fracturing
(“frac”) stage, excessive
leak-off could cause a screen
out event, resulting In a
complete fairlure of that frac
stage and loading the hole up
with proppant that would have
to be removed at great
expense.

Ex. 2034, McGowen Decl. at 33
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ABSTRACT

The number of horizontally drilled wells has
continued to increase in the past few years. Nearly
all of these wells have been completed as
"drainholes" with slotted or perforated liner and
without a cement sheath. The majority of these have
been successful in their designed intent.

Hydraulic fracturing treatments have been
performed on a relatively small number of these
wells, To be effectively fracture stimulated, a
horizontally drilled well must be cased and cemented
through the horizontal producing section of the
well, Casing and cementing the horizontal section
allows fracture initiation points to be controlled
in placing multiple fractures.

In situ stresses greatly influence the
potential effectiveness of any fracturing treatment
procedure. The one factor which most directly
affects horizontal wellbore fracturing is the least
principal stress, which is at a right angle to the
induced fracture. The direction of the horizontal
segment of the borehole dictates whether or not the
induced fracture will be parallel or at an angle to
the borehole.

The use of properly applied controlled entry
techniques at several fracture initiation points
will help allow equal placement of proppant or
reactive fluids in one stimulation treatment,
Either fracturing with proppant or fracture
acidizing can be used in the stimulation treatment.
The potential economic benefit to be derived from a
successful multiple entry fracturing treatment
merits strong consideration be given to the
development of fracturing techniques to help obtain
maximum wellbore drainage.

eTerences an ustrations at en

Subject paper explains techniques and
methods to be wused in creating and placing
proppant and/or reactive fluids in each of the
multiple fractures in a horizontally drilled
well. Economic considerations of the
simultaneous stimulation treatment procedure are
presented and compared to a vertical well under
similar conditions.

INTRODUCTION

Horizontally drilled wells have been around
for the last 50 years. Some of the early
attempts were experimental effcirtcs conducted in
the Soviet Union in the 1950's,”*" where some 43
horizontal wells were drilled at considerable
effort with respect to equipment, measurement,
and theory, The conclusion drawn from this
effort appears to have been that horizontally
drilled wells were technically feasible, but
economically disappointing. In the 1950's, wells
were drilled from the shore in the Long Beach
California Field to penetrate a productive
offshore horizon. Drilling reached a 90 degree
deviation angle and subsequently relaxed to
vertical to penetrate the producing zone.
Because of the production obtained without
setting offshore platforms these wells were both
profitable and environmentally acceptable. In
the 1970's, Mobil, et al., drilled a highly
deviated well into the Pine Island Chalk. The
well was stimulated by hydraulic fracturing
through multiple fracture initiation points.
Each of the initiation points was treated
separately. As a result of the technology
developed for this experiment, Mobil was issued a
patent in 1974.° Again though, the conclusion
based on Mobil's experience appeared to be that
horizontal or highly deviated wells were
technically feasible but economically
disappointing.

The development of better directional
drilling techniques resulting from experience

Ex. 2098

IPR2016-01509

To be effectively fracture stimulated, a
horizontally drilled well must be cased and
cemented through the horizontal producing
section of the well. Casing and cementing
the horizontal section allows fracture
Initiation points to be controlled Iin
placing multiple fractures.

Ex. 2098, Austin, SPE 18263, Simultaneous Multiple Entry Hydraulic
Fracture Treatments of Horizontally Drilled Wells at 1 (1988); Ex.
2081 at 24-25; Ex. 2081, McGowen Decl. at 24-25; Paper 51, POR
at 20-21.
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ABSTRACT

Placement of a propped hydraulic fracture in a
horizontal well is dependent on several
parameters. These parameters include topics
such as reservoir conditions, drilling practices,
and completion techniques. This paper outlines
some of the practical considerations that must be
accounted for during the placement of proppant
in a horizontal well. In describing a propped
fracture treatment on an offshore horizontal well,
the paper discusses treatment design
considerations and verifies the operational and
logistical improvements which can be made by
utilizing a state-of-the-art stimulation vessel.

INTRODUCTION

Hydraulic fracturing of horizontal wells is often
attractive for a formation where conventional
wells drilled in the vertical condition also require
this type of treatment. The Dan field in the
Danish sector of the North Sea is no exception to
this philosophy. The field, discovered in 1971, is
produced from the Tertiary Danian and
Cretaceous Maastrichtian chalks, typified by high
porosities (30%) and low permeabilities (1 md).
Since the start of development, all conventional
deviated wells in this field were fracture
stimulated to improve productivity. However,
post stimulation production results were
disappointing. A feasibility study performed on

References and illustrations at end of paper.

application of horizontal wells in the Dan field
concluded that horizontal wells were
economically attractive only by fracture
stimulating multiple zones in the drainhole
section and maintaining appropriate zonal
isolation® Therefore, in 1987 the operator
commenced drilling of horizontal wells to
increase the field's production potential.

The initial Dan horizontal wells were stimulated
with acid fracture treatments, the industry
standard for a chalk reservoir. The placement of
these treatments proved effective, however, the
medium term production was limited due to the
low formation integrity and consequent collapse
of the induced fracture system. Propped fracture
treatments replaced the acid treatments and the
benefits to productivity were quickly seen.
However, the placement of proppant into some
of the Dan horizontal wells became difficult, and
in some cases impossible. The difficulties in
placement are attributed to several factors.
Principal among these is the direction of the
horizontal wellbore relative to the preferred
direction of the induced fracture. * The situation
is further complicated by the wvarying
nonconformities that can exist at the near
wellbore area. *

The theory and completion philosophy utilized
in performing multiple fracturing treatments in
horizontal wells has been the topic of several
previous papers.*® This paper will present

DEFINV00005462

Ex. 2099
20

A horizontal well that 1s to be fracture
stimulated over multiple zones must be
cased and cemented.

Ex. 2099, Owens, SPE 25058, Practical Considerations of Horizontal
Well Fracturing in the “Danish Chalk” at 2 (1992); Ex. 2081,
McGowen Decl. at 23; Paper 51, POR at 20-21.
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Abstract

This paper presents a detailed description of the
completion and fracture stimulation of a high-angle
well in the Madison formation of the Williston Basin in
North Dakota. The case history of the Candee 26-13
HA well is used. The completion and fracture stimula-
tion technigues used on this well resulted in a three and
a half-fold increase in the ultimate recovery of the well,
in comparison to a vertical well in the same field.

The well was directionally drilled to intersect natural
fractures and provide optimal conditions for hydraulic
fracture stimulation. To ensure zone selectivity and
isolation, the well was cased and cemented. Notching
techniques were used to allow hydraulic fracture

treatments to be selectively initiated along the wellbore.

Matrix acidizing was an essential phase to achieve this
goal.

This paper also presents a discussion of how reservoir
simulators can be used to optimize the number of
fractures needed to cover a given drainage area. In
addition, prefracture and postfracture evaluations are
discussed.

References at the end of the paper.

Introduction

The primary benefit of drilling a horizontal well is to
take advantage of a greater effective drainage area than
that available from a vertical well drilled in the same
area. Fracturing a horizontal well has presented prob-
lems because of premature screenouts and high treat-
ment pressures. In most geological formations, the
orientation angle of a horizontal well from the maxi-
mum horizontal stress plays a crucial role in achieving
a successful stimulation treatment. The following three
mechanisms related to wellbore orientation relative to
the maximum horizontal stress (orientation angle) need
to be addressed.'

s Fracture-wellbore communication area. Two
extreme cases, longitudinal and orthogonal frac-
tures, provide maximum (longitudinal) and mini-
mum (orthogonal) communication area between the
wellbore and propagating fractures.

Fracture geometry near the wellbore. Fracture
geometry is an important factor that may cause
early screenouts. Several different fracture geom-
etries can result when a horizontal well is fractured,
including multiple fractures, T-shaped fractures,
and complex fracres.

IPR2016-00598

Casing and cementing a horizontal well
IS essential to provide zone selectivity
and i1solation during fracture stimulation.

Ex. 2078 at 9, Abass, H., “A Case History of Completing and
Fracture Stimulating a Horizontal Well” SPE 29443 (1995);
Paper 51, POR at 20-21.
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Abstract

This paper presents a detailed description of the
completion and fracture stimulation of a high-angle
well in the Madison formation of the Williston Basin in
North Dakota. The case history of the Candee 26-13
HA well is used. The completion and fracture stimula-
tion technigues used on this well resulted in a three and
a half-fold increase in the ultimate recovery of the well,
in comparison to a vertical well in the same field.

The well was directionally drilled to intersect natural
fractures and provide optimal conditions for hydraulic
fracture stimulation. To ensure zone selectivity and
isolation, the well was cased and cemented. Notching
techniques were used to allow hydraulic fracture

treatments to be selectively initiated along the wellbore.

Matrix acidizing was an essential phase to achieve this
goal.

This paper also presents a discussion of how reservoir
simulators can be used to optimize the number of
fractures needed to cover a given drainage area. In
addition, prefracture and postfracture evaluations are
discussed.

References at the end of the paper.

Introduction

The primary benefit of drilling a horizontal well is to
take advantage of a greater effective drainage area than
that available from a vertical well drilled in the same
area. Fracturing a horizontal well has presented prob-
lems because of premature screenouts and high treat-
ment pressures. In most geological formations, the
orientation angle of a horizontal well from the maxi-
mum horizontal stress plays a crucial role in achieving
a successful stimulation treatment. The following three
mechanisms related to wellbore orientation relative to
the maximum horizontal stress (orientation angle) need
to be addressed.'

s Fracture-wellbore communication area. Two
extreme cases, longitudinal and orthogonal frac-
tures, provide maximum (longitudinal) and mini-
mum (orthogonal) communication area between the
wellbore and propagating fractures.

Fracture geometry near the wellbore. Fracture
geometry is an important factor that may cause
early screenouts. Several different fracture geom-
etries can result when a horizontal well is fractured,
including multiple fractures, T-shaped fractures,
and complex fracres.

IPR2016-00598

Perforations play a crucial role in
achieving a successful fracturing
treatment in horizontal wellbores.

Ex. 2078 at 9, Abass, H., “A Case History of Completing and
Fracture Stimulating a Horizontal Well” SPE 29443 (1995);

Paper 51, POR at 20-21.
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and rapidly flattens after four to five fractures. Based
on the diminishing slope of the cumulative production
vs. time curve at 24 months, four or five fractures
would be the most effective number of fractures for the
subject well. However, after considering the behavior
of the well/fracture system, designers considered
economics and selected three fractures for the subject

Total Cumulative Production, MSTB
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Number of Fractures

Fig. 7—Cumulative liquid production vs. the number of
fractures for various times after fracturing.

Stimulation Treatment

The stimulation treatment was designed to achieve the
following objectives:

* To create a cavity near the wellbore. To ease the
near-wellbore restriction, an acid stage was used to
communicate all the hydrojetted notches. Fig. 8
presents a schematic of the longitudinal slots
created via hydrojetting. Fig. 9 shows a conceptual
representation of what might have happened after
an acid treatment. Fig. 10 shows the creation of the
main fracture as it initiates from the cavity.

»  To prevent the natural fractures intersecting the
wellbore from initiating and propagating multiple
[fractures. For fluid-loss contol, 100-mesh sand was
pumped after the pad.

*  To help withstand the high compressive stress near
the wellbore and reduce the pressure drop resulting
from the radial flow convergence. High-strength,
coarse proppant was used as a tail-in stage.

70f9

Fig. 8—Longitudinal slots created by hydrojetting.

Fig. 9—Conceptual representation of what might have
happened after an acid treatment.

Cmax *

Fig. 10—Creation of the main fracture as it initiates from
the cavity.

IPR2016-01506

The stimulation treatment was designed to achieve the
following objectives:

» To create a cavity near the wellbore. To ease the
near-wellbore restriction, an acid stage was used to
communicate all the hydrojetted notches. Fig. 8
presents a schematic of the longimudinal slots
created via hydrojetting. Fig. 9 shows a conceptual
representation of what might have happened after
an acid treatment. Fig. 10 shows the creation of the
main fracture as it initiates from the cavity.

To prevent the natural fractures intersecting the
wellbore from initiating and propagating multiple
fractures. For fluid-loss contol, 100-mesh sand was
pumped after the pad.

To help withstand the high compressive stress near
the wellbore and reduce the pressure drop resulting
from the radial flow convergence. High-strength,
coarse proppant was used as a tail-in stage.

Ex. 2078 at 9, Abass, H., “A Case History of Completing and
Fracture Stimulating a Horizontal Well” SPE 29443 (1995);
Paper 51, POR at 20-21.
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Summary. This paper describes the evolution, laboratory

SPE 19282

testing, and field installation of a completion system developed to per-

forate, fracture stimulate, and isolate multiple zones in Nerth Sea horizontal wells. This system is designed to reduce overall completion
time and well control problems significantly and to allow selective zone control in production and restimmulation phases. The field per-
formance of this system is compared with that of previously used methods. ’

Background
MaeukDﬂ&GuMSbeyndﬂllmghmmmlwdhmq:c_mn

stimulating multiple zones in the drainhole section would be nec-
essary. Before the use of this new technique, three Dan field horizon-
tal wells—Wells MFB-14, MFB_—IS ndmli—wewnﬁand

3. The next zone was perforated, stimulated, and tested.

4. Afler the well was killed, the bridge plug was milled and
pushed to bottom, and a new bridge plug was instalicd above the
latest set of perforations, after which a new zone could be perfo-
medmdshmul.md

This procedure required « .
together with problems
mubwmpmmmwmmmwwummm

w packer assembly was designed for stimulation of Well
MFB-‘B The objective of the new design was to enable isolation
of the fractured zone immedistely after stimulation to prevent the
gnin/loss situation experienced in Well MFB-15. This would be

" achieved by placing the retrievable bridge plug above the last treated

short- and medium-radius methods (33 to 50 ft and 300 ft, respec-
tively) would make successful liner cementation difficult. For this
reason, the long-radius directional drilling method was considered
to be the most attractive option.

Although the first borizontal well (Well MFB-14) was equipped
mﬂujﬁm liner across the reservoir, 'J'—m.hnmlmebemh:-

7-in. liner and the 8%-in.-diameter hole would be insufficient for
a good cementation job, 6%-in. liners were considered as an op-
tion. A Cement Evaluation ToolSM, Variable Density LogS™, and
gamma ray and casing-collar locator logs run in all Dan field
horizontal wells indicated that zonal isolation had been achieved
wilhﬂn?—in.ljnuﬂhnhndbmwnomﬂuudmdmeddur-
i during execution of fractur-

individual fractures was

tion system for multiple stimulated horizomtal wells.

‘Well MFB-14 was perforated and stimulated with the following
procedure (see Fig, 1).

1. Mzmwuperfornﬂlmdmmnhtedwnhamwmﬁnml
drillstem test string,

2. mmwwmmmmmmmmmm
lost-circulation materials, a bridge plug was set above the zome.

' mvﬂurhﬂepmkmgnp:wmhmgmyedpufomﬂm

assembly. Fig. 3 shows this tool string. Two different bridge plugs,
mmﬂaﬁbkndﬂnodurmchﬁﬂl 'were used, with some oper-

.ational problems.

Development of Method

Cost and Performance Objectives. Drilling and completion of
Wells MFB-14, MFB-15, and MFB-13 were ﬁmlmuimmﬂ-lm

in sequential order. A performance matrix comparing
merits and disadvantages of ¢ach system was also produced. Fi-
nally, an economic analysis covering total projected costs for each

6l

Ex. 2054
IPR2016-00598

Successful liner installation and
cementation Is considered a
prerequisite to ensure adequate
zonal isolation for multiple
fracture treatments in horizontal
wells.

Ex. 2079 at 1, Damgaard, A.P., “A Unique Method for
Perforating, Fracturing, and Completing Horizontal Wells” SPE
19282 (1992); Paper 51, POR at 20-21.
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Abstract

This paper describes a pi that has improved production.
reduced costs. sav ime, and dramatically improved the
results of fracture stimulating low permeability horizontal
wells. The use of both propped and acid fracture treatments
will be described

The process has been us
in the approximate direc
for fractures transvers

openhole completions alig

had been observed in wvertical completions and cased and
cemented horizontal wells with transverse fractures.

nomic field that had been completed using
propped fractures in vertical wells.

edure employs a system of multiple. retrievable

treating subs that are specifically tailored to a unique well
mration and allow treating the entire interval with a
single stage. The treating subs are designed to distribute the
ting fluid as desin 1 of the lateral. The
ss has been suc r 100 wells and

Utah, and Texas
Introduction

History of Horizontal Wells™*. Horizontal and
wells have been envisioned and/

years. Patents were filed in the early 1920°s in the United
States. but the tools were never fully developed. Horizontal
i nd 50 ut were disp

when hydraul eloped in the late 194
and early rizontal wells were used in the

ion and C| and 60 Ah
interest in horizontal v in the late 1970
the increased directional control developed for offshore
drilling. s further advances in horizontal dnlling
techniques and production response led to a boom 1n
horizontal wells.

Well Paths'. Many different well paths
] flat path. Common tr: ries mclude
n d. both up and down. wavy or undulating. multilevel,
and multilateral, or depending on the application very
complicated. Fig. 1 shows some of the more common well
paths.

as or water

drawdown; improv:

tertiary fecovery proj

low pressure

completed openhole d
reservoir contact. This 15 not always possible due to wellbore
stability problems or undesired fluid entry.

BAKER HUGHES INCORPORATED

ffective

AND BAKER HUGHES OILFIELD |5 o
OPERATIONS, INC. erd 10
Exhibit 1023 simple

BAKER HUGHES INCORPORATED |is not a

AND BAKER HUGHES OILFIELD

OPERATIONS, INC. v. PACKERS

PLUS ENERGY SERVICES, INC.
IPR2016-00598

OT TSOTation is
ortunately, this

cementing in the horizontal
isolates not only the problem but also the reservoir from the

Page 1 of 10

In the Red Oak horizontal, the geologic
expectation was to cross natural fractures and
yield economic production without fracture
stimulation. Natural fractures were not
encountered and production was uneconomic
from the openhole. Thus, the contingency
plan to set and cement a liner to pump
multiple transverse fractures was
Implemented.

Ex. 1023 at 3, P.D. Ellis, Application of Hydraulic Fractures in Openhole
Horizontal Wells, SPE 65464 (2000); Paper 41 Surreply at 3.
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The

The main benefit of horizontal holes comes
from their long contact with the permeable

reservolr. Casing and perforating these
holes reduces this contact. However,
whenever completion operations require
nydraulic fracturing, the horizontal
noles are In fact cased, cemented, and
nerforated to facilitate effective
fracturing.

Ex. 2015, Encyclopedia of Hydrocarbons, at p. 8 (2007); Paper 51,
POR at 21.
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Open Hole Multi-Stage Completion System in Unconventional Plays:

Efficiency, Effectiveness and Economics.
Alberto C ro, Hammed Adetashe, Kevin Phelan, BP America Inc.

Some of the features of the OHMS approach
are often depicted as disadvantages, such as
e 1 the inferred inability to control the initiation

d i.|.|'l|.'.|
Turing peoirt:

R o gy e point of the fractures. . . .

number of
isadvaniages o

y ill focus on a4 numb
hydrauli (e oI hc cos C 55 1§ the overall risk
the OHDM

Ex. 2001 at 5, A. Casero, Open Hole Multi-Stage Completion System in
Unconventional Plays: Efficiency, Effectiveness and Economics, SPE
164009 (2013); Paper 51, POR at 22.
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The POSITA would have been
aware that there 1Is a
significant economic risk
associated with adopting new
technology and/or methods that
defy “tried and true”
technology and/or methods.

Ex. 2050, McGowen Decl. at 24
Paper 51, POR at 15-17
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The P&P approach was the initial lower
completion methodology that allowed the
effective deployment of multi-fracture
treatments in horizontal wells and it Is
difficult to progress from an established,
standardized and successful technique;
unless there are significant tangible benefits
that can be demonstrated via a different
method.

Ex. 2001 at 5, A. Casero, Open Hole Multi-Stage Completion System in
Unconventional Plays: Efficiency, Effectiveness and Economics, SPE
164009 (2013)



[A]Jnother, for example, reason you
would use cemented liner 1is
because your neighbors are using
cemented liner and you"re getting
a better production and you say,
“1 don"t know why they’re doing It
but they®"re getting better

production. 1’m going to use what
they are using.”

Ex. 2016, A. Daneshy Depo. at 26:2-10
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d b\f as vmm Wt‘” as the cn

attempts to summarize a series
by a technical breakout group, as part
F'E Apphed Technology Workshop on
tarll e ht'ld on |'\-'|rir| h 15
16, 2005 at thr-' D ag
5 Appru\flnlatt-'w one hundred tIDGr

d in the ATW, with i )
nducted during th ) op. Topics

included Nucleating and Fundin
Y, Prioritization nd As \
/Compensation and Culture, Blurring the

and Technical Backbone.

within the ATW were
an earlier article published in the May 2005
issue of the Journal of Petroleum Technology titled
Annual  Drilling erence  Probes /
Development and L ons Learned’, which reported on
discussions held at the E/NADC Drilling Conference

Shell Technology Ventures

and Exhibition in Amsterdam earlier this year. The
vanded on the concept that the speed of

an important problem faced by our

s subsequently encouraged by

readership response to hold an Applied Technology
in order to produce a platform for the

Below we summarize some of the discussions held
within the specific breakout s n tasked with
understanding the ro played in technology uptake
from a risk and reward perspective. While the paper
5 in large part the findings of the group, further

i sion in the larger forum of the ATW
nsible for the

views expresse
the different hypotheses and remedi We therefore
have written this in the m of a normal
that its content is neither
an actual accounting of dis ons which fook place,
narisitn sarily faithful to the chronology of events.

Methods

A breakout group of about twenty-two persons
considered the stated problem

Problem: Risk aversion is likely an important reason
for slow technology uptake.

It was generally presumed that the technolog
question have demonstrated application suitability with
early ado Upstream ymprised the
single focus of di ions ntation of macro
economic trends having likely influen |q behavior was
given, followed by a mode ted di . The gene al
and example; were c ground rules were
laid out: Hypothe rved behavior would
be put forward and ¢ : and the group would rank
the most relevant hypoth In some ins
hypotheses were combined into logical groupings.

group would then advance those sp

that addressed one or more of the chos
hypotheses. These in turn would be ranked for eventual

Ex. 2093
IPR2016-01509

Risk aversion was concluded as being a
significant factor in the observed slow uptake
of technology in the Upstream Sector of the
Oil and Gas business.

Ex. 2093 at 1, V. Rao, Accelerating Technology Acceptance: Hypotheses
and Remedies for Risk-Averse Behavior in Technology Acceptance, SPE
98511 (2005)
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Comparative Study of Cemented Versus Uncemented Multi-Stage Fractured

Wells in the Barnett Shale
Darrell Lohoefer, SPE, Eagle Qil & Gas, and Daniel J. Snyder, SPE, Rocky Seale, SPE, and Danigl Themig, SPE,
Packers Plus Enargy Services
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Abstract

The indusiry has made a very quick tum toward both uncormentional reservoirs and horizontal, muli-stage fracturing.
Some indusiry experls have begun to question the effectiveness of recoveries in these massive reserve assels. A
notable formation in these discussions has been the Bamett Shale, where 8 variety of methods and technologies have
been used to fracture stimulate horizomtal walks, In fact, much of the learning curve for completion practices has come
from expenmental work in this unconventional play.

From 2004 throegh 2006, a new, open hole, multk-stage system (OHMS) completion technelogy was run in Denton
County, Texas, Using publically available data from the past five years, this study contrasts long-term production
results frem OHMS completed wells and wells completed with cemented casing.

The data set for OHMS fractured wells compared to the data set for cemented fractured wells indicates that open hale
wealls, on average, pedormed beller. Sgnificantly, no failures or shul-in perods were observed for the OHMS wells.
This establishes the viability, reliabilly and effectiveness of this technology for the kong-term life of wells not only in the
Barnett, but for performance anhancament in other shale plays

Substantial amounts of money are currently being spent to rapidly develop resource plays similar to the Bamett
workdwide. Based on shor-term results using current completion methods, predictions for ultimate recoveries may be
overestimated. This paper evaluates the effectiveness of current completion practices by contrasting two methads in
terms of produdion, economics, operational efficiency, and best fracturing practices fo determine whether the
cormpletion method can affect overall well performance and long-lemm recowvery .

Introduction

Formation Description. The Barnett Shale Is a Mississipplan-age shale located in the Forth Werlh Basin and covers
approximately 5,000 square miles (12,950 kmv'} of north-central Texas (Figure 1). The Barmnett represents the
grandfather of shale reservoirs where “shale as source rock” was first established, and where the necessary sel of
technodogies, namely horizontal drilling and multi-stage fracturing, were developed to make hydrocarbon extraction
economically feasible in shale.

The Bamett is conformably overlain by the Pennsylvanian-ege Marble Falls Limestone and unconformably overlies the
Ordovician-age Viola Limestona/Ellenbarger Group, which serves as a frac barmer (Figure 2) (Bowker, 2003, Pollastra
el al., 2003). The core area of the Barnett is located in the Denton, Wise and Tarrant Counties where it is
approximately 300 to 500 fi. thick with porosity and permeability values in the range of 3 — 5% and 0.00007 — 0.0005
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Figuré 6. Summary of cumulative production data for OHMS and offset wells in Denton County.

Ex. 2018;
Paper 51,
POR 22-23
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“*game-changing technology”

- i} “revolutionary
(Ex.2033) “prize product technology”
(Ex. 2004) (Ex. 2008)
q!) EY Entrepreneur
|| Of The Year Ny _ : : s
(Ex. 2048) Multistage fracking pioneer...
(Ex. 2006)
. Packers Plus . Sproute
(Ex. 2048) DO IT ONCE. DO IT RIGHT. (Ex. 2048)

“disruptive technology” legendary m
(Ex. 2046) (Ex. 2046) TECHeMEV
“... revolutionized the %

completions sector...” “the industry standard” (Ex. 2048)

(Ex. 2006) (Ex. 2009)

Paper 51,
POR 26-31 =




That focus led to the development of
a humber of completion technologies,
starting with the StackFRAC system,
which revolutionized the completions
sector by introducing multistage
fracturing systems in horizontal wells,
credited with unlocking the potential of
tight and shale oil and natural gas.

Ex. 2006, Leading the Way: Multistage fracking pioneer Packers Plus plays
major role in cracking the tight oil code, Canadian OilPatch Technology
Guidebook (2012); Paper 51, POR at 26-31.

Exlubit 2006
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THE INNDVATION
THEmKOvATDR DAN THEMIG

IF THERE WAS A HALL OF FAME FOR
oil and gas industry innovators,
Packers Plus president Dan Themig
wotld be an inner-circle member.
Along with Peter K 1 anc

Paltzat, Tl

11 founded |

Ze the entire North

n il industry. StackEFRAC,
the company's prize product and
primary innovation, is an open hole
ball drop completion system that's
widely credited with unlocking old
resource plays that were thought to
be too expensive or too technically
challenging to tap. The company

has continued to press ahead in the
years since, adding new functions
and features to its StackFRAC
process along with additienal tools
and rechnologies. That, in turn, has
allowed operators to dramatically
increase the number of frack stages
in each well - and the production
that comes with them. In 2012,
Themig was recognized for his

work with a Sproule Innovation

and Achievement Award, which are
given to individuals or organizations
that “have made significant
contributions and accomplishments
towards advancing the development ©
of unconventional gas resources in
Canada.” It's a safe bet that it won't
be the last award he receives for his
contributions to that sector.

Americe

[ —=

05
IPR2016-00598

StackFRAC, the company’s prize
product and primary innovation, IS
an open hole ball drop completion
system that’s widely credited with
unlocking old resource plays that

were thought to be too expensive or
to technically challenging to tap.

Ex. 2005, Exploration and Development, Alberta Oil Magazine;
Paper 51, POR at 26-31.

82



SPE 164009

Open Hole Multi-Stage Completion System in Unconventional Plays:

Efficiency, Effectiveness and Economics.
Alberto C ro, Hammed Adetashe, Kevin Phelan, BP America Inc.

here.
d and
Turing peoirt:
sysiem has in
proach
number of
isadvaniages o

y ill focus on a4 numb
hydrauli (e oI hc cos C 55 1§ the overall risk
the OHDM

Introduction

s fairly simple, hori
v this means an improved production rate compared 1o
ird and the i

Exhibit 200
IPR2016-005

With the objectives of making multi stage
horizontal well fracturing more efficient,
both In terms of cost and time, the first
commercial OHMS systems were
developed and deployed in 2001 (Snyder
2011).

Ex. 2014 at 5, A. Casero, Open Hole Multi-Stage Completion System in
Unconventional Plays: Efficiency, Effectiveness and Economics, SPE 164009
(2013); Paper 51, POR at 26-31.
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Open Hole Multi-Stage Completion System in Unconventional Plays:

Efficiency, Effectiveness and Economics.
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v this means an improved production rate compared 1o
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Exhibit 200
IPR2016-005

Currently, there are a number of commercial
OHMS systems to choose from, but for the
most part, these systems utilize similar
principles.

Ex. 2014 at 4, A. Casero, Open Hole Multi-Stage Completion System in
Unconventional Plays: Efficiency, Effectiveness and Economics, SPE
164009 (2013); Paper 51, POR at 26-31.



Packers Plus.

DO IT ONCE. DO IT RIGHT.

T exs. zoo 20182053 2056; 2057; 2058 (video); 2061 (video)

£
BAKER
HUGHES

Exs. 2019; 2020; 2052; 2059 (video)
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Q. Are you familiar with Baker
Hughes” Fracpoint system?

A. Ditto what 1 told you about
Packers Plus relative to Baker
Hughes.

Q. That’s another open-hole ball-
drop system, right?

A. Yes. It°s open.

Ex. 2017, A. Daneshy Depo. at 96:1-5




IsoFrac — Generation 1

= Generation 1

- System Status (Testing and
* Packer

» Design Requirements - Hi
iN. open hole

« Packer Testing Results — |
able 1o achveve 10,000 psi

* Frac Sleeve
« Dasign Requirements - R
« Ball Testing Time Line ang
= Equipment Delivery
= Slalus of Equipment
= System Issues

Zaw
BAKER g Haker 0 Tuoks

——a-

Market Drivers & Opportunitie

« Competition:
~ Packers Plus
» Proven System
*» Opportunities

- Mid Con
* Generation 1 and Generation 2
« 6 1/4° Open Hole, 8,500PSI|, £&250F
- MALT
= Generation 3
« 6 %" Open Hole, 10,000PSI, & 375F

% Baker (4] Tessls

Ex. 2052 at 25-26
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FracPoint Experience in North America

Total number of FracPoint sleeves as of 03/28/12

-

36062./

//

®
3057
64 A

._.
2006 2007 2008 2009 2010
Year

Installed in more than 35 formations by 117 Qil & Gas Operators

Trends — Increased number of stages per system Ex. 2019 at 6

>2400 Wells-38,000 Packers-40,000 Sleeves Paper 51,
POR at 3941

6 | ©2012 Baker Hughes Incorporated. Al Rights Recerved.
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Plug & Perf Experience in North America

Total number of Composite Plugs as of 6/1/12
200,000

180,000

160,000

Ex. 2019 at 5

Paper 51,
POR at 39-41

5 | ©2012 Baker Hughes Incorporated. All Rights Resenved.




CPackers Plus.

DO IT ONCE. DO IT RIGHT.

Since 1t was founded 1n 2000, Packers Plus
has _grown from a compan¥ of only a handful of
individuals generating less than _a million
dollars 1n revenue to, at 1ts height,
employing more than 900 emplovees around the

lobe  and generatin in annual

.S. revenue. The Sta i has been
critical to that success. Since StackFRAC was
first introduced, Packers Plus has sold tools
for or performed fracture treatments for tens
of _thousands of StackFRAC stages i1n the
United States. That work accounts for the
vast majority of Packers Plus’ overall
revenue and profits.

Ex. 2048, J.J. Giraldi Declaration
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Openhole Multistage vs Plug-n-Perf Completion

Sleeves vs Shots—The Debate Ra| | 707%

by Richard G. Ghiselin, PE.

| I
Colony Graniie
Wash
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Figure 1. The OHMS tech-
nique for frac treatments is
used in the Bakken play
more than in other plays.
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Abstract

In the last decade, there has been a tremendous growth in multi-stage fracturing for unconventional plays
employing stimulation sleeves with open hole (OH) packers or cementing. Standard ball-activated frac
sleeve systems with graduated ball seats have primarily been used because they can significantly save
completion time and cost by facilitating the performance of multiple stimulations in a single continuous
process compared with the conventional Plug and Perforate (P-n-P). However, traditional ball-activated
frac sleeves have limitations in the number of stages that can be handled, the pressure drop and friction
loss each one creates and the need to mill through the ball seats after stimulation. As the number of frac
stages increases, the ball seat sizes become dramatically smaller leading to large increases in the surface
treating pressure and hydraulic horse power (HHP) needed to generate a given net downhole pressure or
injection rate.

To solve these limitations a revolutionary ball-activated fracturing system has been designed. This
system behaves in similar fashion of activation to the traditional graduated ball seat frac sleeve in that the
ball locks into place on the seat, but all the ball seats are the same size and retract, allowing the first ball
to pass through all sleeves until it reaches the lowermost one. Similarly the next ball, which is the same
size, lands on the next seat up and so on, allowing a virtually unlimited number of zones to be treated for
either OH or cemented application. With this new system, there is no milling operation involved and the
completion string maintains full drift inside diameter (ID) ready for production after stimulation opera-
tions have been completed.

In this paper the authors will describe in detail the operational mechanism of this new frac sleeve and
present case studies of its use which illustrates the effect of this new technology in optimizing fracturing
operations both in horsepower requirements and overall completion time and cost.

Introduction

There is a lot of debate about how best to complete and fracture unconventional formations regarding the
effectiveness and efficiency differences between frac sleeve and P-n-P methods. Generally speaking,
P-n-P is a time-consuming frac technique, due to the need for running Tubing Conveyed Perforating

Ex. 2074

10f13 IPR2016-01509

Cemented Sleaves

Open Hole PAP

Open Hole Sleeves

Cemented P&P

Figure 1—Percentages for different frac methods at Weatherford.

Figure 1 shows the distribution in percentages
for different frac methods used in operations
performed by Weatherford which reflect closely
the overall distribution throughout the industry.

Ex. 2074 at 2

Paper 51,
POR at 39-41
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Types of Acidizing Treatments

There are two basic kinds of acid stimulation treatments: acid fracturing
and matrix acidizing.

Acid fracturing, or fracture acidizing, is similar to hydraulic fracturing, with
acid as the fluid. Acid fracturing does not require proppants, however, because
it does not just force the rock apart, bul also eats it away. It is the more widely
used treatment for well stimulation with acid. Since most limestone and dolomite
formations have very low permeabilities, injecting acid into these formations,
even at a moderate pumping rate, usually results in fracturing,

Matrix acidizine can be subdivided into two types. The first is wellbore
cleanup, or wellbore soak, In wellbore soak, the crew fills up the wellbore with acid
without any pressure and allows it to react merely by soaking, It is a relatively
slow process because little acid actually comes in contact with the formation.
The second matrix acidizing method is a low-pressure treatment that does not
fracture the formation, but allows the acid to work through the natural pores (fig.
Figure 5.29  Acid is injected down the 5.29), This second process is what people in the oil patch are usually referring to
tubing and into the formation through when they speak of matrix acidizing, (Operators generally use matrix acidizing
perforations fo remove formation damage when the formation is damaged or when a water zone or gas cap is nearby and
without fracturing the formation. fracturing might result in excessive water or gas production. Ex. 1006 at ﬂ




IT the operator exceeds the
fracture gradient and fractures
the formation, the acid will be
forced Into the fracture where
It 1s quickly transferred away
from the wellbore and spends on
the face of the fracture. This
would defeat the purpose of the
matrix acidizing, which 1s to
cause acid to remove reservolr
damage In the formation near the
wellbore (the “near-field”)

« Ex. 2081, McGowen Dec. at 12
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Packers

LANE-WELLS TUBING PORT VALVE
The Lane-\Wells Tubing Port Valve is used primarily to displace fluids in the
annulus above a packer, When formation pressures are such that heavy fluids in
the well cannot be displaced prior to setting a packer, the 11151:1_I1:H.1f:n1 of the
Tubing Port Valve is needed. After Tubing Port Valve is placed in tubing string
above packer and run in, the packer is set and the well head closed in, With the
well secure, a ball is dropped through the tubing to seat in the Tubing Port
Valve, Flow through tubing is stopped and pump pressure ‘build-up causes
spring to compress which opens side ports. This “inside out” circulation allows
safe displacement of fluids in the annulus. -

The Tubine Port Valve also provides a means of ﬂCldlE_il"lE two zones with
qcker setling in either open-hole or cased hole completion. Three zone acidizing

is possible with a three packer set-up and two diiferent sized lubing Port
E:EI!r:t

Pressure Ma
Features:
Dieparture Lane 1 principles to o kw
actwm in
For detailed discussion of any of these applications call your nearest La -y
Wells branch or write 10 the Lane-\Vells Company, P. O. Box 2194, Los Angeles ¥ e
54, Calif _%_I
LAMNE-WELLS TURBING PORT VALVE -8
The Lane-\Wells Tubing Port Valve is used primarily to displace Ruids in the =
annulus aboy Nl ¥ 1 pressures are such that hr.;n:'_v Nuids i : |
the well ea e ag o packer, the installation of the >
. ¥ ort Valve i tubing string '
s set and the well head closed in, With the .
i the tubing o seat in Tubing Port a

stopped and pump pressure build-up causes
ide porta. This “inside out” cireulation allows
lus.

Spring Lo compress

W ) i\ gy o o

"

‘ﬁ't-

F TN T E

1 Upper Sub
2 HO.‘: R;ﬂg

3 Steel Boll

4 "O" Ring
5 Ball Seot

6 Lock Ring

7 Spring

safe displacement e
The Tubing Fort Vi also provides a means of acidizing two zones with |
packer seviing In either n-hole or cased hole completion. Three zone acidizing :
15 possible with a three packer set-up and two different sized Tubing Pory f" .
Valves -y
For detailed operating and engineering specifications, write Lane-Wells Com- .
pany ), tox 2194, Los Angeles 54, California. Tubl'
i Port
. Valve
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SERIES 3 & 3 FORMATION PACKERS
[Sleeve Packing Element)
(Series 4 is Valve Anchor Type)
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HYDRAULIC HOLD DOWN TOOL

For additional resistance to vert
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because of its simplicity of design. The tool
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at the rear of the piston forc
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the pressure trving to move the
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Ex. 1002 at 16.
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Both the TOP and the Hydraulic Hold Down
Tool are specifically designed for use inside
casing as their pressure rating and
nerformance depend upon affixing the
nacker to the casing wall using slips and/or
nistons that contact the casing wall.

Ex. 2081, McGowen Dec. at 9
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Heslbwall
Type Pocker

A PI Standard Nomenc I
ing 1o Actual O.D. instead of Nom
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PACKER TYPES

There are two main clas
LHOOKWALL Pa
ported b}' slips gripping the wall of the
q.‘{sl:’]g. These slips resist dewnward
E:]m\nn'.t:_u and when weight is applied
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necting with another type packer set
below. This anchor sefting prevents
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CEKERS—sup-
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Packers

LANE-WELLS

downward movement of the packer when
pressure is applied, and allows expansion
of the packing assembly until packer is
sct.

ENGINEERED PACKER SERVICE

Engineered Packer Serviee is available
to any operator, at his request, with no
fee, cost, or obligation, This service in-
sures the operator of correct procedures
and applications to any problem con-
fronted in packer operation, Ask your
Lane-Wells man for further information.

INFORMATION REQUESTED WHEN ORDERING

HOW TO ORDER
We can serve you better if you supply
all the information requested below at the
time you send an inquiry or order.

Packers

Specifications covering Packers should

show:

1. Type and Number of Packer (AO-1,
ete.). No number needed for CO and
sD

. Size and weight per foot (or LD.) of
casing in which packer is to be set
{as 534"—I17 lbs.).

3.1.D. of mandrel required (as 2).
Write for Packer Bulletin for avail-
able diameters in each packer size.

. Size, weight and thread of casing,
tubing, drill pipe or tool joint on
which packer is to be run. Always
speeify tubing as non-upset or external
upset (E.U.E.). Tubing thread con-

%]

s

Tubing Size

lature lists tubing accord-
inal 1D, as formerly
atalog follow AFP. desig-

Prices

nection will be furnished A.P.I. 8
Round Thread EUUE. unlesz other-
wige ordeéred. On Formation Packer
order, specifly I.D. of casing packer
is to run through and diameter of
open hole in which packer is to be set.

General

All Packers can be furnished in drillable
material, or with anti-corrosion coating,
at extra cost,

All prices, dimensions, specifications,
and weights of materials are subject to
change without notice.

Special designs of packers will be built
to order as “Custom” items. Quotations
on such items will be prepared on request.

Destination
To comply with Department of Com-
merce regulations, it i necessary that all
inguiries and orders for export state final
destination,

Spare Parts

A pamphlet titled “Packer Parts Lists and Inter-
changeability Tables” is available on request, This
information is especially useful to customers outside

the United States and others concerned with

orders of parts.

Packer Availability

Ex.

PACKER TYPES

Lhere are two main classes of packers:

st downw
] hen weight is applied,
clement expands until packer

the packing
15 set,
2. ANCHOR PACKERS—supported

by a tail pipe resting on bottom or con-
necting with another type packer set
below. This anchor setting prevents

downward movement of the packer when
pressure is applied, and allows expansion
of the packing assembly until packer is
set,

1002 at 12.

Popular types and sizes of Lane-Wells Pack
available in stock at Lane-Wells Branch locations,

jce Li - pvailable on request
Current Packer Price Lists are 3vi

from all Lane-Wells offices.
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[A] POSITA would know that the term
“Acidizing” In the context of this 1955
reference does not equate to “Fracturing”.

Ex. 2081, McGowen Dec. at 10
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in the PERMIAN BASIN
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ABSTRACT

The “frac” method of well stimulation has been
applied successfully to all producing formations in the
Permian Basin area. During the five years since its
development, many changes and improvements have
been made in treating materials, procedures, and equip-
ment.

A number of fluid carrying agents, having different
physical and chemical properties, have been developed
to meet various well requiremenis. The current trend is
toward larger gallonage treatments, employing higher
injection rates. The use of “down-the-casing” techniques
has greatly reduced high surface working pressures,
attribuiable 1o friction losses resuliing from injection
through rubing.

Petrographic studies of various Permian Basin forma-
tions, coordinated with laboratory and well log data,
have been found a valuable guide in planning frac treai-
ments. A knowledpe of the extent and orientation of
naturally occurring fractures and planes of weakness in
the formation, aid in predicting the ultimate drainage
paitern resulting from the frac treatment.

INTRODUCTION
The South Permian Basin covers an area in West
Texas and New Mexico about one-half the size of the
state of Texas. This wvast region has been called the

Manuseript received in Petroleum Braseh office on Oete 1, 1054,
Paper presentad at Petroleum Branch Fall Meoting in San Antonio,
Oect. 17-20, 1954,

Discussion of this and all follewing technleal papers s Invited.
Discusszion in writing (3 copies) may be sent to the offices of the
Journal of Petroleam Technology. Any diecussion offered after Dee.
31, 1855, should be in the form of a new paper.

SPE 405-G

58
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DOWELL INCORPORATED
MIDLAND, TEX.

“Permian Basin™ for so long that the term will be
here. It includes an area south of the Matador A
approximately 250 miles wide and 300 miles long, St
tural features of importance within the basin are
Northwest Shelf, Eastern Platform, Midland Basin, (J
tral Basin Platform, and Delaware Basin. The pring
producing formations include sand, limestone and d
mite, with lesser amounts of shale, anhydrite, chert,
various silicates.

All of the producing formations in the Permian Basin
have responded to some type of frac treatment. Essen-
tially, a frac treatment may be defined as the injection,
into a formation, of a fluid carrying agent containing
a particulated solid (usually sand), for the purpose of
increasing production. The application of this method of
well stimulation to many differing Permian Basin reser-
voirs has necessitated numerous changes and improve-
ments in carrying agents, solids, service equipment, well
equipment, and treating techniques.

CARRYING AGENTS

A number of different types of fluid carryving agents
have been developed since the introduction of the frac
method of well stimulation. These agents have different
physical and chemical properties, and in many cases the
extent of production increase derived from the frac
treatment depends on the choice of fluid carrier. Un-
fortunately, due to many different systems of nomencla-
ture used in the oil field, these differences are not always
recognized by the oil operator. In general, carrying
agents may be divided into the following broad classi-

FETROLEUM TRANSACTIONS, ATME

IPR2016-01506

It should not be inferred that frac treatments are a
cure-all that eventually will replace other methods of
well stimulation, such as acidizing, Some formations,
especially those in a plugged condition, require an acid
treatment preceding the frac treatment. Almost any zone
will be bencfitted by a spearhead of regular or mud
acid. Such a pretreatment results in lowering injection

pressures and dissolving materials that may cause re-
striction to flow,

R.E. Hurst, “Development and Application of ‘Frac’ Treatments in the
Permian Basin,” SPE 405 (1954) at 4; Paper 51, POR at 47.

Ex. 2088
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This invention pertains to a well-treating solu-

tion and to an improved method of treating wells -

to Increase their productivity.

In the art of completing wells or working over
old wells to increase the output, acid is injected
into the producing zones to increase the perme-
ability of the formation around the well, Since
acid reacts very rapidly with caleareous forma-
tioms, it appears that the action of the acid is
very close to the well, Accordingly, the effect of
acldizing a well is generally to inerease output,
but the increase appears to be much less than
would be possible if the acid could be made fo
react into long channels deep into the formations,

It has been proposed that sirong mineral acids
which are used to acidize formations penetrated
by a well be incorporated as the discontinuous
phase in an acid-oil emulsion. By thus shielding
the acid, it iz prevented from contacting the well
tubing and the ecaleareous formations as the acid
is injected into a well, Corrosion of the tubing
is avoided, and the reaction of the acid on the
formation is retarded. Certain oils are known to
emulsify with acids; and, in some cases, the emul-
sion may he produced by incorporating in the ofl
or the acid certain emulsifying agents. This pro-
posal has not been used, sinee, in practice, it has
been found that the emulsifying agents proposed
are either too stable or too unstable. That is,
if the emulsion is too stable, the emulsion may
not he easily broken down in the well or in the
formation; and, if injected into a formation, as
by the application of a high pressure, the emul-
sion cannot be displaced from the pores of the
formation by the relatively small available natu-
ral driving force. The formation would thus be
pluzged if such stable emulsions were forced into
the capillaries surrounding a well. If the emul-
sion 1s unstable, it is of no value for the intended
purpose. In elther case; however, the action of
the acid is close to the well, and long flow chan-
nels into the formation are not produced.

It is an object of this invention to provide an
improved well-treating solution. It iz another
ohject of this invention to provide a well-treating
solution comprising an emulsion of an acid and
an eily vehicle which can be injected into a for-
mation at high pressure to fracture the formation
and which subsequently can be removed from the

formation without plugging the pores thereof. A °

—
=
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2
still further objeet of this invention is to provide
an improved process for increasing the permea-
bility of calcareous formations which produce oil
or gas or other valuable fluids.

‘This invention, in brief, comprises a well-treat-
ing solution in which acid is emulsified in an oil
dispersion of Batu gum and an improved process
in which the viscous emulsion is injected into a
formation at a pressure great enough to fracture
the formation,

Batu gum is a natural resin related to the
Damar natural resing and is a seeretion or exuda-
tion of the Shorea tree of the East Indies. It is
soluble in aryl or coal tar hydrocarbons and in
hydrogenated aliphatic petroleum solvents but is
generally only very slightly soluble in crude petro-
Ieum or refined paraffinic petroleum hydroear-
bons. It is, however, compatible with and can be
dispersed in paraflinic hydrocarbons, both crude
and refined. It is available commercially as bold
scraped, unscraped, nubs and chips, and as dust.

The acid phase of the emulsion may be any
acid, such as hydrochlorie, nitrie, or hydrofiuorie,
which reacts with the formation and produces a
water-soluble galt. The most important well acid
is hydrochloric acid in the concentration range
from about 5 to about 20° Bé. The higher con-
centrations are preferred in view of the inereased
reaction rate and the decrease in breakdown time
for the emulsion, The vehicle in which the acid
of our treating solution is emulsified may consist
of non-agueous liguids, such as liguid petroleum
hydrocarbons, e, g., erude oil, kerosene, dlesel fuel,

an Exhibit 1137
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In the art of completing wells or working over
old wells to increase the output, acld is injected
inio the producing zones to increase the perme-
ability of the formation around the well, Since
acid reacts very rapidly with calcarsous forma-
tions, it appears that the aetlon of the acid is

very close to the well, Accordingly, the efiect of
acldizing a well is generally to increase output,
but the increase appears to be much less than
would be possible if the acid could be made o
react into long channels deep into the formations,

Ex. 1137, Brainerd at 1; see also Ex. 2087



Patented Sept. 14, 1954

2,689,009

UNITED STATES PATENT OFFICE

2,689,008
ACIDIZING WELLS
Harold W. Brainerd, Jr., Clarence R. Fast, and

George C. Howard, Tulsa,

, Okla,, assignors to

Stanolind 0il and Gas Company, Tulsa, Okla.,

a corporation of Delaware

No Drawing. Application April 14, 1951,
Serial No. 221,136

(CL 166—25)

This invention pertains to a well-treating solu-

tion and to an improved method of treating wells -

to Increase their productivity.

In the art of completing wells or working over
old wells to increase the output, acid is injected
into the producing zones to increase the perme-
ability of the formation around the well, Since
acid reacts very rapidly with caleareous forma-
tioms, it appears that the action of the acid is
very close to the well, Accordingly, the effect of
acldizing a well is generally to inerease output,
but the increase appears to be much less than
would be possible if the acid could be made fo
react into long channels deep into the formations,

It has been proposed that sirong mineral acids
which are used to acidize formations penetrated
by a well be incorporated as the discontinuous
phase in an acid-oil emulsion. By thus shielding
the acid, it iz prevented from contacting the well
tubing and the ecaleareous formations as the acid
is injected into a well, Corrosion of the tubing
is avoided, and the reaction of the acid on the
formation is retarded. Certain oils are known to
emulsify with acids; and, in some cases, the emul-
sion may he produced by incorporating in the ofl
or the acid certain emulsifying agents. This pro-
posal has not been used, sinee, in practice, it has
been found that the emulsifying agents proposed
are either too stable or too unstable. That is,
if the emulsion is too stable, the emulsion may
not he easily broken down in the well or in the
formation; and, if injected into a formation, as
by the application of a high pressure, the emul-
sion cannot be displaced from the pores of the
formation by the relatively small available natu-
ral driving force. The formation would thus be
pluzged if such stable emulsions were forced into
the capillaries surrounding a well. If the emul-
sion 1s unstable, it is of no value for the intended
purpose. In elther case; however, the action of
the acid is close to the well, and long flow chan-
nels into the formation are not produced.

It is an object of this invention to provide an
improved well-treating solution. It iz another
ohject of this invention to provide a well-treating
solution comprising an emulsion of an acid and
an eily vehicle which can be injected into a for-
mation at high pressure to fracture the formation
and which subsequently can be removed from the

formation without plugging the pores thereof. A °

—
=

256

2
still further objeet of this invention is to provide
an improved process for increasing the permea-
bility of calcareous formations which produce oil
or gas or other valuable fluids.

‘This invention, in brief, comprises a well-treat-
ing solution in which acid is emulsified in an oil
dispersion of Batu gum and an improved process
in which the viscous emulsion is injected into a
formation at a pressure great enough to fracture
the formation,

Batu gum is a natural resin related to the
Damar natural resing and is a seeretion or exuda-
tion of the Shorea tree of the East Indies. It is
soluble in aryl or coal tar hydrocarbons and in
hydrogenated aliphatic petroleum solvents but is
generally only very slightly soluble in crude petro-
Ieum or refined paraffinic petroleum hydroear-
bons. It is, however, compatible with and can be
dispersed in paraflinic hydrocarbons, both crude
and refined. It is available commercially as bold
scraped, unscraped, nubs and chips, and as dust.

The acid phase of the emulsion may be any
acid, such as hydrochlorie, nitrie, or hydrofiuorie,
which reacts with the formation and produces a
water-soluble galt. The most important well acid
is hydrochloric acid in the concentration range
from about 5 to about 20° Bé. The higher con-
centrations are preferred in view of the inereased
reaction rate and the decrease in breakdown time
for the emulsion, The vehicle in which the acid
of our treating solution is emulsified may consist
of non-agueous liguids, such as liguid petroleum
hydrocarbons, e, g., erude oil, kerosene, dlesel fuel,

an Exhibit 1137
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It is an okject of this invenitlon to provide an
improved well-treating solution. It is another
object of this invention Lo provide a well-treating
solution comprising an emulsion of an acid and

an oily vehicle which can be injected into a for-
mation at high pressure to fracture the formation

and which subsequenfly can be removed from the
formation without plugging the pores thereof. A

Ex. 1137, Brainerd at 1
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Q. How do you know that?

A. Just he says two of the wells were
acid stimulated unsuccessfully. He
doesn®"t say whether they were acid
fractured or acid -- matrix acidized.
They jJust used acid to stimulate the
well. And, of course, 1mmediately :
after that 1t says, "Subsequently two
transverse fracture treatments were
pumped.“ So the author was not
hesitant to use the word "fracture."

Ex. 2085, A. Daneshy Depo. at 33:7-34:9




Q. Were the first two Gallup wells
fractured then?

A. We don"t know. We don"t know. Oh.
We don"t know that they were
fractured. We know that they were
stimulated.

Ex. 2085, A. Daneshy Depo. at 33:7-34:9
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The non-Priority Provisional Application Does Not
Limit the Construction of “Solid Body Packer”

e MPHJ Tech. Investments, LLC v. Ricoh Americas Corp., 847
F.3d 1363, 1367 (Fed. Cir. 2017)

e dunnhumby USA, LLC v. emnos USA Corp., No. 13-CV-0399,
2015 WL 1542365, at *11 (N.D. Ill. Apr. 1, 2015)

* Ring Plus, Inc. v. Cingular Wireless, LLC, No. CIV.A. 2:06-CV-
159DF, 2007 WL 5688765, at *10 (E.D. Tex. July 9, 2007)
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Thus, as understood by a person of
ordinary skill 1n the art, the term
“sol1d body packer” would mean
“packer 1ncluding a solid, extrudable
packing element.”

Ex. 1005, A. Daneshy Dec. at 40.
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For RE Packers, the packing
element 1s mechanically extruded
using eilther mechanically or
hydraulically applied force by the
mechanical force applied by the
metal components of the tool
and/or the borehole wall that
contact the element as 1t swells.
Moreover, the fTluid that enters
the element also applies a
mechanical or hydraulic force to
the element. These forces cause
the element to be mechanically
extruded as 1t swells.

Ex. 2051, McGowen Dec. at 82.



Q. Are Baker Hughes®"s RE packers, are
they hydraulically settable?

A. Well, the reactive packer that I™m
familiar with 1s -- operates through
wrapping a particular type of
elastomer around the casing and It"s
adhered to the casing. And the nature
of the polymer that the material 1s
constructed of 1Is such that 1t has an
affinity for —-- 1t can either be
saltwater or hydrocarbon, liquid
nydrocarbon. So 1t generates
nydraulic pressure iInternally as 1t
oulls fluid Into the matrix or
porosity of the material, and then
that causes 1t to extrude
me??anically against the bore hole
wall.

Ex. 1131, McGowen Depo. at 116:9-21




8- IT hydraulically settable In the
escription that I just gave requires
axially compressing the swellable_
element, 1s that how 1t"s hydraulicly
settable?

A. Well, typically 1t"s constrained
on eilther end such that as the
material _expands, every action has
an opposite and equal reaction. So
the elastomer material 1s actually
pushing against that and extruding
itself out and contacting the bore
hole wall. So 1t"s a different
mechanism, but 1t still requires
hydraulic pressures just internal
to the material and 1t°s still
generatln mechanical force, )
ecause the hydraulic pressure 1Is a
force applied over an area, SO
pounds per square. . . .

Ex. 1131, McGowen Depo. at 117/:1-17




Because the evidence shows that the SignalTight
connectors are “the invention disclosed and claimed in

the patent,” we presume that any commercial success
of these products is due to the patented invention.

PPC Broadband, Inc. v. Corning Optical Commc'ns RF, LLC, 815 F.3d 734, 747 (Fed. Cir. 2016) (quoting J.T.
Eaton & Co. v. Atl. Paste & Glue Co., 106 F.3d 1563, 1571 (Fed.Cir.1997).)
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This evidence demonstrates
that there 1S a nexus between
the claimed technology and the
commercial success of
FracPoint and StackFRAC. In
fact, this technology Is such
an 1Integral part of these
systems that they simply are
the 1nvention disclosed and
claimed 1n the 774 patent.

Ex. 2051, McGowen Decl. at 47
See also claim charts at 63-93
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However, if the marketed product embodies the
claimed features, and is coextensive with them,
then a nexus is presumed and the burden shifts to
the party asserting obviousness to present
evidence to rebut the presumed nexus. The
presumed nexus cannot be rebutted with mere
argument; evidence must be put forth.

BrownéZ)L Williamson Tobacco Corp. v. Philip Morris Inc., 229 F.3d 1120, 1130 (Fed. Cir. 2000) (internal citations
omitte

119



Q. Are you familiar with the
phrase “objective evidence of
nonobviousness?’

A. Objective evidence of
nonobviousness? Can you explain 1t
to me”?

Ex. 2016, A. Daneshy Depo. at 109:20-24




We have held that ‘[w]hile objective evidence of non-

obviousnhess

acks a nexus if it exclusively relates to a feature

that was ‘known in the prior art,” the obviousness inquiry

centers on w

nether ‘the claimed invention as a whole’ would

have been obvious.’

Where the allegedly obvious patent claim is a combination of
prior art elements, we have explained that the patent owner
can show that it is the claimed combination as a whole that
serves as a nexus for the objective evidence.

WBIP, LLC v. Kohler Co., 829 F.3d 1317, 1331-32 (Fed. Cir. 2016) (internal citations omitted).
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Figure 1. Map of U.5. shale gas and shale oil plays (as of May 9, 2011)
e L e —y

Lar 48 states shale plays

Source U5, Energy Infarmation Administration bazed c-m data fram various published studies. 123
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