PATENT APPLICATION
ATTORNEY DOCKET NO. 17910/219001
CLIENT REF. NO. 15315

PROVISIONAL APPLICATION

FOR

UNITED STATES LETTERS PATENT

TITLE: SYSTEM AND METHOD FOR AN AUTOMATED AND
INTELLIGENT FRAC PUMPING

INVENTORS: Andrew KRUPA
Corey MASSEY
James COOK

IWS Exhibit 1037 EX 1037_001
IWS v. Downing, IPR2024-00300



PATENT APPLICATION
ATTORNEY DOCKET NO. 17910/219001
CLIENT REF. NO. 15315

SYSTEM AND METHOD FOR AN AUTOMATED AND
INTELLIGENT FRAC PUMPING

BACKGROUND

[0001] Hydraulic fracturing is a stimulation treatment routinely performed on oil and gas
wells in low-permeability reservoirs. Specially engineered fluids are pumped at high
pressure and rate into the reservoir interval to be treated, causing a vertical fracture to
open. The wings of the fracture extend away from the wellbore in opposing directions
according to the natural stresses within the formation. Proppant, such as grains of sand
of a particular size, is mixed with the treatment fluid to keep the fracture open when the
treatment is complete. Hydraulic fracturing creates high-conductivity communication
with a large area of a formation and bypasses any damage that may exist in the near-
wellbore area. Furthermore, hydraulic fracturing is used to increase the rate at which
fluids, such as petroleum, water, or natural gas, can be recovered from subterranean
natural reservoirs. Reservoirs are typically porous sandstones, limestones or dolomite
rocks, but also include "unconventional reservoirs” such as shale rock or coal beds.
Hydraulic fracturing enables the extraction of natural gas and oil from rock formations
deep below the earth's surface (e.g., generally 2,000-6,000 m (5,000-20,000 ft)), which
is greatly below typical groundwater reservoir levels. At such depth, there may be
insufficient permeability or reservoir pressure to allow natural gas and oil to flow from
the rock into the wellbore at high economic return. Thus, creating conductive fractures

in the rock is instrumental in extraction from naturally impermeable reservoirs.

[0002] A wide variety of hydraulic fracturing equipment is used in oil and natural gas
fields, such as a slurry blender, one or more high-pressure, high-volume fracturing
pumps and a monitoring unit. Additionally, associated equipment includes fracturing
tanks, one or more units for storage and handling of proppant, high-pressure treating
iron, a chemical additive unit (used to accurately monitor chemical addition), low-
pressure flexible hoses, and many gauges and meters for flow rate, fluid density, and

treating pressure. Fracturing equipment operates over a range of pressures and injection
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rates, and can reach up to 100 megapascals (15,000 psi) and 265 litres per second (9.4
cu ft/s) (100 barrels per minute).

[0003] With the wide variety of hydraulic fracturing equipment at a well site, the
hydraulic fracturing operation may be conducted. A hydraulic fracturing operation
requires planning, coordination, and cooperation of all parties. Safety is always the
primary concern in the field, and it begins with a thorough understanding by all parties
of their duties. Conventional hydraulic fracturing operations are dependent on workers
being present to oversee and conduct said operation over the full lifetime to complete

said operation.

SUMMARY OF DISCLOSURE

[0004] This summary is provided to introduce a selection of concepts that are further
described below in the detailed description. This summary is not intended to identify
key or essential features of the claimed subject matter, nor is it intended to be used as an

aid in limiting the scope of the claimed subject matter.

[0005] In one aspect, this disclosure relates to a method. The method may include
pumping fluids into a first well via at least one pump manifold by opening a first set of
valves. The method may also include pumping the fluids into a second well via the at
least one pump manifold while continuously pumping the fluids into the first well by
opening a second set of valves. The method further includes closing the first set of
valves to stop pumping the fluids into the first well and isolating and continuously

pumping the fluids into the second well.

[0006] In another aspect, this disclosure relates to a method for providing a fracturing
pumping plan on a software application. The fracturing plan may include pre-made
instructions to perform at least one continuous pumping operations for one or more
wells. The method may also include executing the fracturing pumping plan to perform
the at least one continuous pumping operations in a built hydraulic fracturing system

coupled to the one or more wells.
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[0007] In one aspect, this disclosure relates to a system with a built hydraulic fracturing
system having a plurality of devices connected together and in fluid communication
with one or more wells. The system may also include at least one continuous pumping
operations for one or more wells and a fracturing pumping plan provided on a software
application. The fracturing plan may include instructions to perform at least one
continuous pumping operations for the one or more wells. The instructions may include
a sequence of valve operations to direct fluid flow through a selected path into the one

or more wells.

[0008] Other aspects and advantages will be apparent from the following description and

the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

[0009] Figure 1 illustrates a view of a hydraulic fracturing system at a well site according

to one or more embodiments of the present disclosure.

[0010] Figures 2A-2G illustrate views of a human machine interface (“HMI”) of the
hydraulic fracturing system of Figure 1 according to one or more embodiments of the

present disclosure.

[0011] Figure 3 illustrates a flowchart of automating a hydraulic fracturing system at a

well site according to one or more embodiments of the present disclosure.

DETAILED DESCRIPTION

[0012] Embodiments of the present disclosure are described below in detail with
reference to the accompanying figures. Wherever possible, like or identical reference
numerals are used in the figures to identify common or the same elements. The figures
are not necessarily to scale and certain features and certain views of the figures may be
shown exaggerated in scale for purposes of clarification. Further, in the following
detailed description, numerous specific details are set forth to provide a more thorough
understanding of the claimed subject matter. However, it will be apparent to one having

ordinary skill in the art that the embodiments described may be practiced without these
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specific details. In other instances, well-known features have not been described in
detail to avoid unnecessarily complicating the description. As used herein, the term
“coupled” or “coupled to” or “connected” or “connected to” may indicate establishing
either a direct or indirect connection, and is not limited to either unless expressly

referenced as such.

[0013] Further, embodiments disclosed herein are described with terms designating a rig
site in reference to a land rig, but any terms designating rig type should not be deemed
to limit the scope of the disclosure. For example, embodiments of the disclosure may
be used on an offshore rig and various rig sites, such as land/drilling rig and drilling
vessel. It is to be further understood that the various embodiments described herein may
be used in various stages of a well, such as rig site preparation, drilling, completion,
abandonment etc., and in other environments, such as work-over rigs, fracking
installation, well-testing installation, and oil and gas production installation, without
departing from the scope of the present disclosure. The embodiments are described
merely as examples of useful applications, which are not limited to any specific details

of the embodiments herein.

[0014] In a fracturing operation, a plurality of equipment (i.e., fracturing equipment) is
disposed around a rig site to perform a wide variety of fracturing operations during a
life of the fracturing process (i.e., rig site preparation to fracturing to removal of
fracturing equipment) and form a built hydraulic fracturing system. At the site, there is a
wide variety of fracturing equipment for operating the fracturing, such as a slurry
blender, one or more high-pressure, high-volume fracturing pumps, a monitoring unit,
fracturing tanks, one or more units for storage and handling of proppant, high-pressure
treating iron, a chemical additive unit (used to accurately monitor chemical addition),
low-pressure flexible hoses, and many gauges and meters for flow rate, fluid density,
treating pressure, etc. The fracturing equipment encompass any number of components
that are durable, sensitive, complex, simple components, or any combination thereof.
Furthermore, it is also understood that one or more of the fracturing equipment may be
interdependent upon other components. Once the fracturing equipment is set up,

typically, the fracturing operation may be capable of operating 24 hours a day.
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[0015] Conventional hydraulic fracturing systems in the oil and gas industry typically
require an entire team of workers to ensure proper sequencing. For example, a valve
team may meet, plan, and agree on a valve sequence to then actuate the valves. As a
result, conventional hydraulic fracturing systems are prone to human errors resulting in

improper actuation of valves and expensive damage and non-productive time (NPT).

[0016] One or more embodiments in the present disclosure may be used to overcome
such challenges as well as provide additional advantages over conventional hydraulic
fracturing systems. For example, in some embodiments, an automated hydraulic
fracturing system including a computing system described herein and a plurality of
sensors working in conjunction with built hydraulic fracturing system may streamline
and improve efficiency as compared with conventional hydraulic fracturing systems
due, in part, to reducing or eliminating human interaction with the hydraulic fracturing
systems by automating fracturing operations for continuous pumping in one or more

wells.

[0017] In one aspect, embodiments disclosed herein relate to automating a hydraulic
fracturing system that may perform continuous pumping processes in a hydraulic
fracturing operation. In another aspect, embodiments disclosed herein relate to
automatic hydraulic fracturing pumping. Automatic hydraulic fracturing pumping may
be used, for example, to plan and execute hydraulic fracturing pumping operations from
one well to another well. Further, automatic hydraulic fracturing pumping may be used

for continuous non-stop pumping for one or more wells.

[0018] Automatic hydraulic fracturing pumping system may utilize a pumping plan
provided on a software application, which may include pre-made instructions to
perform multiple pumping processes carried out by the hydraulic fracturing system.
Such fracturing plans may include automating valves within the hydraulic fracturing
system to have a valve sequencing (e.g., opening and closing) to direct fluids (e.g., frac
fluid) in a selected path and/or control pressure and pump rates within the system. As
used herein, a valve may be interchangeably referred to as a gate valve in the present

disclosure. Further, fluids may refer to slurries, liquids, gases, and/or mixtures thereof.
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In some embodiments, solids may be present in the fluids. Automating a hydraulic
fracturing pumping system according to one or more embodiments described herein
may provide a cost-effective alternative to conventional hydraulic fracturing systems.
The embodiments are described merely as examples of useful applications, which are

not limited to any specific details of the embodiments herein.

[0019] Figure 1 shows an automated hydraulic fracturing pumping system according to
embodiments of the present disclosure. The automated hydraulic fracturing pumping
system includes a built hydraulic fracturing pumping system 100 having a plurality of
connected together fracturing equipment at a rig site 1. The built hydraulic fracturing
pumping system 100 may include at least one wellhead assembly 101 (e.g., a Christmas
tree) coupled to at least one time and efficiency (TE) or zipper manifold 102 through
one or more flow lines (not shown). The hydraulic fracturing pumping system 100 may
further include at least one pump manifold 103 in fluid communication with the zipper
manifold 102. In use, the at least one pump manifold 103 may be fluidly connected to
and receive pressurized fracking fluid from one or more high pressure pumps (not
shown), and direct that pressurized fracking fluid to the zipper manifold 102, which
may include one or more valves that may be closed to isolate the wellhead assembly
101 from the flow of pressurized fluid within the zipper manifold 102 and pump
manifold 103. Additionally, the at least one wellhead assembly 101 may comprise one
or more valves fluidly connected to a wellhead that are adapted to control the flow of
fluid into and out of the wellhead. Typical valves associated with a wellhead assembly
include, but are not limited to, upper and lower master valves, wing valves, and swab
valves, each named according to a respective functionality on the wellhead assembly

101.

[0020] Additionally, the valves of the at least one wellhead assembly 101 and zipper
manifold 102 may be gate valves that may be actuated, but not limited to, electrically,
hydraulically, pneumatically, or mechanically. In some embodiments, the built
hydraulic fracturing pumping system 100 may include a system 150 that may provide
power to actuate the valves of the built hydraulic fracturing pumping system 100. In a

non-limiting example, when the valves are hydraulically actuated, the system 150 may
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include a hydraulic skid with accumulators to provide the hydraulic pressure required to
open and close the valves, when needed. The system 150 may also be interchangeably

referred to as a valve control system in the present disclosure.

[0021] Further, the built hydraulic fracturing pumping system 100 includes a plurality of
additional rig equipment for fracturing operations. In a non-limiting example, the built
hydraulic fracturing pumping system 100 may include at least one auxiliary manifold
104, at least one pop-off/bleed-off tank manifold 105, at least one isolation manifold
106, and/or a spacer manifold 107. The at least one pump manifold 103 may be used to
inject a slurry into the wellbore to fracture the hydrocarbon bearing formation, and
thereby produce channels through which the oil or gas may flow, by providing a fluid
connection between pump discharge and the hydraulic fracturing pumping system 100.
The auxiliary manifold 104 may provide a universal power and control unit, including a
power unit and a primary controller of the hydraulic fracturing pumping system 100.
The at least one pop-off/bleed-off tank manifold 105 may allow discharge pressure from
bleed off/pop off operations to be immediately relieved and controlled. The at least one
isolation manifold 106 may be used to allow pump-side equipment and well-side
equipment to be isolated from each other. The spacer manifold 107 may provide
spacing between adjacent equipment, which may include equipment to connect between

the equipment in the adjacent manifolds.

[0022] In one or more embodiments, the manifolds 102, 103, 104, 105, 106, 107 may
each include a primary manifold connection 110 with a single primary inlet and a single
primary outlet and one or more primary flow paths extending therebetween mounted on
same-sized A-frames 108. Additionally, the built hydraulic fracturing pumping system
100 may be modular to allow for easy transportation and installation on the rig site. In a
non-limiting example, the built hydraulic fracturing pumping system 100 in accordance
with the present disclosure may utilize the modular fracturing pad structure systems and
methods, according to the systems and methods as described in U.S. Patent Application
No. 15/943,306, which the entire teachings of are incorporated herein by reference.
While not shown by Figure 1, one of ordinary skill in the art would understand the built

hydraulic fracturing pumping system 100 may include further equipment, such as a
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blowout preventer (BOP), completions equipment, topdrive, automated pipe handling
equipment, etc. Further, the built hydraulic fracturing pumping system 100 may include
a wide variety of equipment for different uses; and thus, for the purposes of simplicity,
the terms “plurality of devices” or “rig equipment” are used hereinafter to encompass
the wide variety equipment used to form a built hydraulic fracturing system comprising

a plurality of devices connected together.

[0023] Still referring to Figure 1, the automated hydraulic fracturing system may further
include a plurality of sensors 111 provided at the rig site 1. The plurality of sensors 111
may be associated with some or all of the plurality of devices of the built hydraulic
fracturing pumping system 100, including components and subcomponents of the
devices. In a non-limiting example, some of the plurality of sensors 111 may be
associated with each of the valves of the wellhead assembly 101 and zipper manifold
102. The plurality of sensors 111 may be a microphone, ultrasonic, ultrasound, sound
navigation and ranging (SONAR), radio detection and ranging (RADAR), acoustic,
piezoelectric, accelerometers, temperature, pressure, weight, position, or any sensor in
the art to detect and monitor the plurality of devices. The plurality of sensors 111 may
be disposed on the plurality of devices at the rig site 1 and/or during the manufacturing
of said devices. It is further envisioned that the plurality of sensors 111 may be provided
inside a component of the plurality of devices. Additionally, the plurality of sensors 111
may be any sensor or device capable of wireline monitoring, valve monitoring, pump
monitoring, flow line monitoring, accumulators and energy harvesting, and equipment

performance and damage.

[0024] The plurality of sensors 111 may be used to collect data on status, process
conditions, performance, and overall quality of the device that said sensors are
monitoring, for example, on/off status of equipment, open/closed status of valves,
pressure readings, temperature readings, and others. One skilled in the art will
appreciate the plurality of sensors 111 may aid in detecting possible failure mechanisms
in individual components, approaching maintenance or service, and/or compliance
issues. In some embodiments, the plurality of sensors 111 may transmit and receive

information/instructions wirelessly and/or through wires attached to the plurality of
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sensors 111. In a non-limiting example, each sensor of the plurality of sensors 111 may
have an antenna (not shown) to be in communication with a master antenna 112 on any
housing 113 at the rig site 1. The housing 113 may be understood to one of ordinary
skill to be any housing typically required at the rig site 1, such as a control room where
an operator 114 may be within to operate and view the rig site 1 from a window 115 of
the housing 113. It is further envisioned that the plurality of sensors 111 may transmit
and receive information/instructions to a remote location away from rig site 1. In a non-
limiting example, the plurality of sensors 111 may collect signature data on the plurality

of devices and deliver a real-time health analysis of the plurality of devices.

[0025] In one aspect, a plurality of sensors 111 may be used to record and monitor the
hydraulic fracturing equipment to aid in carrying out the fracturing plan. Additionally,
data collected from the plurality of sensors 111 may be logged to create real-time
logging of operational metrics, such as duration between various stages and determining
field efficiency. In a non-limiting example, the plurality of sensors 111 may aid in
monitoring a valve position to determine current job state and provides choices for
possible stages. In some examples, the plurality of sensors may provide information
such that a current state of the hydraulic fracturing operation, possible failures of
hydraulic fracturing equipment, maintenance or service requirements, and compliance
issues that may arise is obtained. By obtaining such information, the automated
hydraulic fracturing systems may form a closed loop valve control system, valve control
and monitoring without visual inspection, and reduce or eliminate human interaction

with the hydraulic fracturing equipment.

[0026] An automated hydraulic fracturing system may include a computing system for
implementing methods disclosed herein. The computing system may include a human
machine interface (“HMI”) using a software application and may be provided to aid in
the automation of a built hydraulic fracturing system. In some embodiments, an HMI
116, such as a computer, control panel, and/or other hardware components may allow
the operator 114 to interact through the HMI 116 with the built hydraulic fracturing
pumping system 100 in an automated hydraulic fracturing system. The HMI 116 may

include a screen, such as a touch screen, used as an input (e.g., for a person to input
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commands) and output (e.g., for display) of the computing system. In some
embodiments, the HMI 116 may also include switches, knobs, joysticks and/or other
hardware components which may allow an operator to interact through the HMI 116

with the automated hydraulic fracturing systems.

[0027] An automated hydraulic fracturing pumping system, according to embodiments
herein, may include the plurality of sensors 111, valve control system 150, and data
acquisition hardware disposed on or around the hydraulic fracturing equipment, such as
on valves, pumps and pipelines. In some embodiments, the data acquisition hardware is
incorporated into the plurality of sensors 111. In a non-limiting example, hardware in
the automated hydraulic fracturing systems, such as sensors, wireline monitoring
devices, valve monitoring devices, pump monitoring devices, flow line monitoring
devices, hydraulic skids including accumulators and energy harvesting devices, may be

aggregated into single software architecture.

[0028] In one or more embodiments, a single software architecture according to
embodiments of the present disclosure may be implemented in one or more computing
systems having the HMI 116 built therein or connected thereto. The single software
architecture may be any combination of mobile, desktop, server, router, switch,
embedded device, or other types of hardware may be used. For example, a computing
system may include one or more computer processors, non-persistent storage (e.g.,
volatile memory, such as random-access memory (RAM), cache memory), persistent
storage (e.g., a hard disk, an optical drive such as a compact disk (CD) drive or digital
versatile disk (DVD) drive, a flash memory, etc.), a communication interface (e.g.,
Bluetooth interface, infrared interface, network interface, optical interface, etc.), and

numerous other elements and functionalities.

[0029] A computer processor(s) may be an integrated circuit for processing instructions.
For example, the computer processor(s) may be one or more cores or micro-cores of a
processor. Fracturing pumping plans according to embodiments of the present
disclosure may be executed on a computer processor. The computing system may also

include one or more input devices, such as a touchscreen, keyboard, mouse,
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microphone, touchpad, electronic pen, or any other type of input device. Additionally,
it is also understood that the computing system may receive data from the sensors

described herein as an input.

[0030] A communication interface may include an integrated circuit for connecting the
computing system to a network (not shown) (e.g., a local area network (LAN), a wide
area network (WAN) such as the Internet, mobile network, or any other type of
network) and/or to another device, such as another computing device. Further, the
computing system may include one or more output devices, such as a screen (e.g., a
liquid crystal display (LCD), a plasma display, touchscreen, cathode ray tube (CRT)
monitor, projector, or other display device), a printer, external storage, or any other
output device. One or more of the output devices may be the same or different from the
input device(s). The input and output device(s) may be locally or remotely connected to
the computer processor(s), non-persistent storage, and/or persistent storage. Many
different types of computing systems exist, and the aforementioned input and output

device(s) may take other forms.

[0031] Software instructions in the form of computer readable program code to perform
embodiments of the disclosure may be stored, in whole or in part, temporarily or
permanently, on a non-transitory computer readable medium such as a CD, DVD,
storage device, a diskette, a tape, flash memory, physical memory, or any other
computer readable storage medium. Specifically, the software instructions may
correspond to computer readable program code that, when executed by a processor(s), is
configured to perform one or more embodiments of the disclosure. More specifically,
the software instructions may correspond to computer readable program code, that when
executed by a processor(s), may perform one or any of the automated hydraulic
fracturing systems features described herein, including that associated with data

interpretation and automated hydraulic fracturing pumping systems.

[0032] The computing system may implement and/or be connected to a data repository,
such as a database, which may be used to store data collected from an automated

hydraulic fracturing system according to embodiments of the present disclosure. Such
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data may include, for example, valve data, such as identification of which valves in the
system are open or closed, time recordings of when valves in the system open or close,
time periods for how long valves in the system are open or closed, and valve pressure
data. A database is a collection of information configured for ease of data retrieval,
modification, re-organization, and deletion. The computing system may include
functionality to present raw and/or processed data, such as results of comparisons and
other processing performed by an automation planner. For example, data may be
presented through the HMI 116. The HMI 116 may include a graphical user interface
(GUI) that displays information on a display device of the HMI 116. The GUI may
include various GUI widgets that organize what data is shown as well as how data is
presented to a user (e.g., data presented as actual data values through text, or rendered
by the computing device into a visual representation of the data, such as through

visualizing a data model).

[0033] The above description of functions presents only a few examples of functions
performed by the computing system of automated hydraulic fracturing pumping systems
herein. Other functions may be performed using one or more embodiments of the

disclosure.

[0034] The plurality of sensors 111 work in conjunction with the computing system to
display information on the HMI 116. Having the automated hydraulic fracturing
pumping system may significantly improve overall performance of the rig, rig safety,
reduced risk of NPT and many other advantages. Embodiments of the present disclosure
describe control systems, measurements, and strategies to automating rig operation
(e.g., fracturing operations). It is further envisioned that the automated hydraulic
fracturing pumping system may locally collect, analyze, and transmit data to a cloud in
real-time to provide information, such as equipment health, performance metrics, alerts,

and general monitoring, to third parties remotely or through the HMI 116.

[0035] In some embodiments, a fracturing pumping plan may be provided on the
software application such that the fracturing pumping plan may be displayed on the

HMI 116. The fracturing pumping plan may be a set of instructions to perform multiple
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processes in a hydraulic fracturing pumping operation. In a non-limiting example, the
instructions may include a sequence of valve operations to direct fluid flow through a
selected path in one or more of the wellhead assemblies and manifolds on the frac pad,
with the sequence of valve operations being automatically controlled by the software
through a valve control system associated with the valves. Further, the HMI 116 may
have an emulate mode that can visually show the path through which fluid can flow by
monitoring the valve positions to determine current job state and provides choices for
possible stages. The emulate mode may allow the operator 114 to simulate a next stage
of the fracturing operation prior to making changes to the fracturing pumping plan. It is
further envisioned that the software application may include a simulation system such
that the fracturing pumping plan may be simulated and said results may be displayed on
the HMI 116. Based on the simulated results, the fracturing pumping plan may be
modified to create a customized fracturing pumping plan to be executed on the plurality
of devices of the automated hydraulic fracturing pumping system 10. One skilled in the
art will appreciate how the HMI 116 may allow the operator 114 to monitor, change, or
shut down fracturing operation. In a non-limiting example, the HMI 116 may send
permission requests to the operator 114 to perform various instructions from the
fracturing pumping plan and/or the customized fracturing pumping plan. Additionally,
the HMI 116 may include visual cues to allow for the monitoring and detection of a
wireline stage, send alerts of a valve leak, and/or any erosion/corrosion caused by the

flow of fluids in the plurality of devices.

[0036] In one or more embodiments, the plurality of sensors 111 may communicate with
the software application on the computer system of the HMI 116 to automate the
plurality of devices, such as a valve. In a non-limiting example, the fracturing pumping
plan may include an automated valve sequencing (e.g., when to open and close) during

completion stage based on pre-approved sequence as shown in Figures 2A-2G.

[0037] With reference to Figures 2A-2G, Figures 2A-2G show a non-limiting example of
a fracturing pump plan of a hydraulic fracturing pumping system displayed on the HMI
116. A hydraulic fracturing pumping system 200 may include a first wellhead assembly

201a of a first well, a second wellhead assembly 201b of a second well, a third wellhead
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assembly 201c of a third well, and a fourth wellhead assembly 201d of a fourth well,
which may be arranged and connected as they would be in the built hydraulic fracturing
pumping system (see 100 of Figure 1). For example, a manifold connection 210a may
fluidly couple each wellhead assembly 201a-201d to a primary manifold connection
210b of a pump manifold (see 103 of Figure 1). It is further that each wellhead
assembly 201a-201d may have separate primary manifold connections connected to one

pump manifold or separate pump manifolds.

[0038] In some embodiments, the hydraulic fracturing pumping system 200 may be
operated by a single frac crew. Additionally, a second hydraulic fracturing pumping
system, which may be arranged and connected as they would be in the built hydraulic
fracturing pumping system (see 100 of Figure 1), may also be operated by the single
frac crew in parallel to the hydraulic fracturing pumping system 200. The single frac
crew may apply the fracturing pump plan to both the hydraulic fracturing pumping

system 200 and the second hydraulic fracturing pumping system simultaneously.

[0039] In one or more embodiments, the HMI 116 may further show positions of devices
being monitored and/or controlled through the system. In a non-limiting example, the
HMI 116 may display the open and closed positions of valves 220-228 in the hydraulic
fracturing pumping system 200. For illustration purposes, closed valves are shown as
blacked out while open valves are shown having no fill, thereby indicating the available
path of fluid flow (see arrows 230-235) through the system. In a non-limiting example,
a main valve 220 may be open to allow fluid flow (see arrow 230) from the primary
manifold connection 210b to the manifold connection 210a. In the manifold connection
210a, the fluid flow (see arrow 230) may flow from one end to another. It is further
envisioned that the HMI 116 may be a touch screen 250 such that the operator (see 114
of Figure 1) may open and close valves 220-228 directly through the HMI 116.
Additionally, the HMI 116 may have one or more buttons or portions 251 of the touch
screen 250 corresponding to commands in the hydraulic fracturing pumping system
200. Further, the HMI 116 may have a notification of current stage and alarming when
a valve moves out of place, such that an automated notification of possible hazards in

actuating certain valves may be displayed on the the HMI 116.
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[0040] Referring to Figure 2A, the hydraulic fracturing pumping system 200 is shown
with fluid flow (see arrow 232) to the first wellhead assembly 201a. When a frac stage
of the first wellhead assembly 201a is at an end, a flush fluid may be pumped to flow
(see arrow 232) at a full pump rate, such as a rate of about 50-150 bbl/min, into the first
wellhead assembly 201a via a first set of valves 221, 222. The flush fluid may be fresh
water and cleaning agents to flush out excess fracturing fluids (e.g., proppant) in the
well of the first wellhead assembly 201a. Once a total volume of the flush fluid is
pumped, a pump rate may be reduced from the full pump rate. For example, the pump
rate may be reduced to 5-15 bbl/min. Once a pressure has stabilized at the reduced
pump rate, the software application may move the fracturing pumping plan to the next

step.

[0041] As shown in Figure 2B, the fracturing pumping plan may include operating the
second wellhead assembly 201b to conduct hydraulic fracturing pumping. For example,
a second set of valves 223, 224 may be opened while the first set of valves 221, 222
remain open during the pumping of the flush fluid. With both the first set of valves 221,
222 and the second set of valves 223, 224 open, the flush fluid flows (see arrows 232,
233) into both the first wellhead assembly 201a and the second wellhead assembly
201b. Once injection is established and pressure has stabilized in both the first wellhead
assembly 201a and the second wellhead assembly 201b, the first set of valves 221, 222
may be closed remotely to shut in the first wellhead assembly 201a, as shown by Figure
2C. In Figure 2C, the second wellhead assembly 201b may be isolated and hydraulic
fracturing operations may be conducted. After hydraulic fracturing operations are
conducted on the second wellhead assembly 201b, flush fluids may be pumped into the
second wellhead assembly 201b and the pump rate may be reduced once a total volume

of the flush fluid has been pumped.

[0042] Referring to Figure 2D, in one or more embodiments, the fracturing pumping plan
may next open a third set of valves 225, 226 while the second set of valves 223, 224 are
still open. With both the second set of valves 223, 224 and the third set of valves 225,
226 open, the flush fluid flows (see arrows 233, 234) into both the second wellhead
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assembly 201b and the third wellhead assembly 201c. Once injection is established and
pressure has stabilized in both the second wellhead assembly 201b and the third
wellhead assembly 201c, the second set of valves 223, 224 may be closed remotely to

shut in the second wellhead assembly 201b, as shown by Figure 2E.

[0043] In Figure 2E, the third wellhead assembly 201c may be isolated and hydraulic
fracturing operations may be conducted. After hydraulic fracturing operations are
conducted on the third wellhead assembly 201c, flush fluids may be pumped into the
third wellhead assembly 201c and the pump rate may be reduced once a total volume of
the flush fluid has been pumped. As shown by Figure 2F, the fracturing pumping plan
may next open a fourth set of valves 227, 228 while the third set of valves 225, 226 are
still open. With both the third set of valves 225, 226 and the fourth set of valves 227,
228 open, the flush fluid flows (see arrows 234, 235) into both the third wellhead
assembly 201c and the fourth wellhead assembly 201d. Once injection is established
and pressure has stabilized in both the third wellhead assembly 201c and the fourth
wellhead assembly 201d, the third set of valves 225, 226 may be closed remotely to
shut in the third wellhead assembly 201c, as shown by Figure 2G. In Figure 2G, the
fourth wellhead assembly 201d may be isolated and hydraulic fracturing operations may

be conducted.

[0044] In one or more embodiments, Figures 2A-2G may provide continuous hydraulic
fracturing pumping operations between the wellhead assemblies 201a-201d. While it is
noted that Figures 2A-2G describes the sequence of the fracturing pumping plan from
the first wellhead assembly 201a to the fourth wellhead assembly 201d, the sequence
may be conducted between any of the wellhead assemblies 201a-201d in any order.
Further, the sequence may be conducted from one wellhead assembly to a plurality of
wellhead assemblies. It is further envisioned that after a certain number of continuous
stages have been pumped, operations may be suspended for planned pump maintenance
time. This time may be established up front in the fracturing pumping plan. After the
planned maintenance window has closed, continuous pumping operations may
automatically begin again. Advantageously, the transition time between stages may be

effectively zero by using the fracturing pumping plan described in Figures 2A-2G.
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While described above with respect to transitioning from one well to a second well,
embodiments herein also contemplate transitioning operations from two wells to two
wells, etc. (one or more transitioning to one or more while continuously pumping).
Furthermore, wireline operations may continue to operate during the fracturing
pumping plan such that there is essentially no down time on operations waiting for the

wireline.

[0045] In some embodiments, software on the HMI 116 of Figures 2A-2G may be used
to simulate an outcome of a phase of the hydraulic fracturing pumping system 200 if
selected devices were to be operated under certain parameters (e.g., if selected valves
were opened or closed, if selected pumps were on or off, etc.). In some embodiments,
the simulation may be used to evaluate performance and/or outcomes of hydraulic
fracturing pumping operations that have not yet been built or have not yet been
operated. In some embodiments, the simulation may be used to simulate actual
performance of an already built and in-use hydraulic fracturing system in order to
monitor and evaluate the actual performance, which may be used, for example, to help

make decisions on next steps in the operation.

[0046] It is further envisioned that the plurality of sensors (see 111 of Figure 1) may be
used to determine a real-time condition of the plurality of devices, such as a valve (e.g.,
gate valve). In a non-limiting example, the software application, in one method, may
instruct the plurality of sensors to monitor a hydraulic pressure and stroke signature of
the valve. The software application may then correlate said readings with a known
pattern determined by experimentally and theoretically calculated data on the valve
operating under good lubrication. Further, the pressure stroke signature may be known
to follow a fixed pattern for specific valves. In an additional approach, the software
application may instruct the plurality of sensors to monitor hydraulic pressure spikes
and volume of hydraulic fluid to determine a health status of the valve. Algorithms
based on a valve type may be used to determine when the valve is failing due to, for
example, poor greasing conditions. It is further envisioned that the plurality of sensors
may utilize a combination of vibration and strain sensors to determine load on the valve

stem and may correlate said load to an overall health of the valve. Furthermore, a safety
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measure may be programmed in the software application such that the plurality of
sensors may automatically count a number of times a valve is opened and closed. The
software application may use data based on the real-time valve position to prevent
overpressure or other costly mistakes during the fracturing operations. It is further
envisioned that safety and efficiency at the rig site may be increased by providing
automated actuation of valves, remotely and outside of a red zone (e.g., an area

proximate the plurality of devices).

[0047] According to embodiments of the present disclosure, a general plan suitable for
use in planning a majority of hydraulic fracturing pumping operations may be generated
into a template fracturing pumping plan. Thus, a template fracturing pumping plan may
include an outline or overview of high-level phases for hydraulic fracturing pumping
operations and an initial set of instructions for how activities within the high-level
phases may be performed. A template fracturing pumping plan may later be modified
(e.g., by an end user or third party) to accommodate a particular standard operating
procedure or to fit a particular hydraulic fracturing pumping operation. For example, a
user may modify a template fracturing pumping plan to include one or more discrete
plans, for example, to fit a particular hydraulic fracturing pumping operation or standard
operating procedure. One or more modifications to a template fracturing pumping plan
may include, for example, alternating the timing of valve openings, alternating a
particular valve leak test to perform for each kind of valve, and alternating pressure

testing methods.

[0048] In some embodiments, a template fracturing pumping plan may be modified to
include instructions for which steps in a hydraulic fracturing pumping operation can
proceed with and without human permission. Permission settings may be predefined in
a modified fracturing pumping plan to have certain steps require a user permission prior
to proceeding and/or to have certain steps automatically proceed upon meeting certain
system parameters. In some embodiments, permission settings may include one or more
approval settings (e.g., who has credentials or who needs to approve certain steps in a
hydraulic fracturing operation), a log of users and/or a log of decisions to approve or

disallow actions and who made the decisions. As a simplified example of modifying a

19

IWS Exhibit 1037 EX 1037_019
IWS v. Downing, IPR2024-00300



PATENT APPLICATION
ATTORNEY DOCKET NO. 17910/219001
CLIENT REF. NO. 15315

template fracturing pumping plan, a template fracturing pumping plan may include
instructions that if steps a, b and ¢ go according to plan in a built hydraulic fracturing
pumping system, the operation may automatically proceed with step d, where the
template fracturing pumping plan may be modified to request permission before

proceeding with one or more of steps a, b, c and d.

[0049] Referring to Figure 3, in one or more embodiments, a system flow chart is shown
of implementing an automated hydraulic fracturing pumping system on the built
hydraulic fracturing pumping system 100 at the rig site 1 of Figure 1. The automated
hydraulic fracturing pumping system may include a fracturing pumping plan 301. In a
non-limiting example, the fracturing pumping plan 301 may include a list of activities
for each pumping phase of a hydraulic fracturing pumping operation as described in
Figures 2A-2G. For each pumping phase, the fracturing pumping plan 301 may include
settings for one or more device types in the hydraulic fracturing pumping system, such
as on/off positions of each valve in the system, pressure minimums and maximums, and
others described herein. Furthermore, one of ordinary skill in the art would understand
the fracturing pumping plan 301 may include further operations, such as a water and
additive injection, initiating the hydraulic fracturing of the formation, or any operation

during the life of a well.

[0050] In some embodiments, the fracturing pumping plan 301 may be developed from
one or more sets of pre-made instructions organized into a template fracturing pumping
plan 302, which may include instructions to perform multiple processes carried out by
the built hydraulic fracturing pumping system 100. In a non-limiting example, the
template fracturing pumping plan 302 may be designed prior to building the built
hydraulic fracturing pumping system 100 at a rig site such that the fracturing pumping
plan 301 may apply to any configuration of the plurality of devices. It is further
envisioned that the fracturing pumping plan 301 may be modified to form a customized
fracturing pumping plan 303. The customized fracturing pumping plan 303 may include
pre-made instructions 304 from the template fracturing pumping plan 302 and at least

one modified instruction 305. In a non-limiting example, the at least one modified
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instruction 305 may be inputted into the software application by a third party such as an

operator with access to the software application through the HMI.

[0051] In one or more embodiments, the fracturing pumping plan 301 (a template
fracturing pumping plan 302 and/or a customized fracturing pumping plan 303) may be
run in a simulation 306 prior to performing an operation at the rig site. In a non-limiting
example, the software application may include a simulation package such that the
simulation 306 may be run to show fluid flow through the plurality of devices of the
built hydraulic fracturing pumping system 100 to a well bore or show the performance
of individual components. It is further envisioned that the fracturing pumping plan 301
may use limit switches to determine the valve positions on a fracturing operation. In
addition, said limit switches may be incorporated within an isolation valve, tree valve,
and/or manifold valve to monitor and transit positions of said valves. One skilled in the
art will appreciate how the positions of said valves may determine a current stage of a
well as well as possible next stages during the fracturing operation. Further, the
positions of said valve may be fed into a controller to enable a hydraulic valve to be

automated in a safe manner.

[0052] Furthermore, a plurality of sensors (e.g., sensors 111 in Figure 1) may be disposed
in and/or on the plurality of devices to measure data. Further, it is also understood that
depending on the piece of equipment (and its usage and/or importance), different
numbers and/or types of sensors may be used. In a non-limiting example, the plurality
of sensors 307 may collect data and display the data on the HMI to allow for real-time
monitoring and updates. The plurality of sensors 307 are located on relevant equipment
on locations where they can gather data and be able detect any changes to the plurality
of devices such as performance and possible damage. For example, a pump may have a
sensor disposed at the inlet thereof, as well as a sensor at the outlet thereof. Further
examples may be a valve manifold that has a sensor disposed on the outer surface
thereof, as well as a sensor on an inner flow bore, or a sensor may be disposed on a
valve within the flow bore to measure a position of the valve. It is further envisioned
that pressure lines may be measured in a central location, such that the sensor(s)

connected to the pressure lines measures multiple pieces of equipment. Additionally,
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one of ordinary skill in the art will appreciate how the present discourse is not limited to

just the data listed above and may include any effects on the plurality of devices.

[0053] With data collected from the plurality of sensors, in one or embodiments, an
execution 308 of the fracturing pumping plan 301 (a template fracturing pumping plan
302 or a customized fracturing pumping plan 303) may be performed on the plurality of
devices of the built hydraulic fracturing pumping system 100. In a non-limiting
example, the software application may automatically execute 309 the fracturing
pumping plan 301. In some embodiments, to perform the execution 308, the pre-made
instructions and the at least one modified instruction may be sent to remotely operable
hardware on the plurality of devices to perform a function (e.g., to achieve facture). It is
further envisioned that an alert may occur on the HMI, such as a sound and/or visual
cue. The alert may indicate that an operation requires human permission 310 to execute
the customized fracturing plan prior to sending instructions to the plurality of devices.
Additional alerts may also occur, such as from computer vision sensors that may detect
personnel within an area of the built hydraulic fracturing pumping system 300 at the rig
site (e.g., if an entity has come within a restricted or hazardous area of the rig site).
Furthermore, the plurality of sensors may, for example, monitor pressure data at a high
sample rate to capture high pressure events for compliance and safety requirements.
Additionally, the fracturing pumping plan 301 may include a time to complete
processes for each stage and the plurality of sensors may further provide information to

modify said plans (301, 303) to improve operational efficiency.

[0054] According to embodiments of the present disclosure, data collected from
simulation 306 of a fracturing pumping plan 301 and/or execution 308 of a fracturing
pumping plan 301 may indicate that one or more additional instructions 307 may be
added to a customized fracturing pumping plan 303 to optimize fracturing operations

(e.g., make the operations safer, utilize less energy, utilize less material, etc.).

[0055] In one or more embodiments, the software application of the automated hydraulic
fracturing pumping system may automatically generate optimal responses by using

artificial intelligence (“AI”) and/or machine learning (“ML”). In a non-liming example,
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the optimal responses may be due to unforeseen events such as downhole conditions
changing, equipment failures, weather conditions, and/or hydraulic fracturing
performance changing, where the fracturing pumping plan 301 may automatically
change corresponding to the optimal responses. The optimal responses may optimally
and automatically reroute the fracturing pumping plan 301 in view of the unforeseen
events and potentially unidentified risks. It is further envisioned that the plurality of
sensors may continuously feed the software application data, such that addition optimal
responses may be suggested on the HMI for the operator to accept or reject. In some
embodiments, the operator may manually input, through the HMI, modification to the
fracturing pumping plan 301. One skilled in the art will appreciate how the software
application, using Al and/or ML, may learn the manual input from the operator such
that predications of potential interruptions in the fracturing pumping plan 301 may be

displayed on the HMI and corresponding optimal responses.

[0056] Steps of a typical frac operation may include cleaning of a first well (pumping of
flush fluid), frac fluid / sand injection into the first well, cleaning (injection of flush
fluid) into the first well to remove the frac fluid, shutting in of the first well, then
moving to the next well. In contrast, embodiments herein and as described above may
be configured to allow the continuous pumping of fluids, connecting the initial and
terminal “cleaning” portions of the frac operations of a first well and a second well,
respectively. This will allow operations to not have to shut down and/or idle pumps
while bleeding pressure. As a result, embodiments herein may essentially eliminate the
time required to transition between wells, which may be up to or greater than 50
minutes per transition, for example. Continuous pumping may thus provide time
benefits as well as the benefits of not losing prime on pumps, and reduced maintenance

on pumps due to less frequent start up and shut down of the pumps.

[0057] In addition to the benefits described above, the automated hydraulic fracturing
pumping system may improve an overall efficiency and performance at the rig site
while reducing cost. In some embodiments, the efficiencies gained may allow for a
single frac crew to be able to operate multiple frac operations occurring in parallel at the

pad site. For example, a frac operation A, including a pumping system, a plurality of
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wells, etc., may be continuously pumping for operations of a first set of wells, frac
operation B may be continuously pumping for operations at a second set of wells, and
both operations may be manned and effectively operated by a single frac crew using the
control systems and other equipment and configurations described herein, and where

each frac operation may be transitioned from well to well while continuously pumping.

[0058] Further, the automated hydraulic fracturing pumping system may provide further
advantages such as a complete closed loop valve control system, valve transitions may
be recorded without visual inspection, partial valve transitions may be avoided, valve
transition times may be optimized given the closed loop feedback, and human
interaction may be reduced or eliminated with the rig equipment to reduce
communication/confusion as a source of incorrect valve state changes. It is noted that
the automated hydraulic fracturing pumping system may be used for onshore and

offshore oil and gas operations.

[0059] While the invention has been described with respect to a limited number of
embodiments, those skilled in the art, having benefit of this disclosure, will appreciate
that other embodiments can be devised which do not depart from the scope of the
invention as disclosed herein. Accordingly, the scope of the invention should be limited

only by the attached claims.
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CLAIMS

What is claimed is:

1. A method, comprising:
pumping fluids into a first well via at least one pump manifold by opening a first set of
valves;
pumping the fluids into a second well via the at least one pump manifold while
continuously pumping the fluids into the first well by opening a second set of
valves;
closing the first set of valves to stop pumping the fluids into the first well; and

isolating and continuously pumping the fluids into the second well.

2. The method of claim 1, further comprising, before closing the first set of valves,

stabilizing a pressure in the first well and the second well.

3. The method of claim 2, wherein the stabilizing of the pressure in the first well and the

second well comprises reducing a pump rate of the fluids.

4. The method of claim 1, further comprising:
pumping the fluids into a third well via the at least one pump manifold while
continuously pumping the fluids into the second well by opening a third set of
valves;
closing the second set of valves to stop pumping the fluids into the second well;

isolating and continuously pumping the fluids into the third well.

5. The method of claim 4, further comprising, before closing the second set of valves,

stabilizing a pressure in the second well and the third well.

6. The method of claim 5, wherein the stabilizing of the pressure in the second well and the

third well comprises reducing a pump rate of the fluids.

7. The method of claim 4, further comprising:
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pumping the fluids into a fourth well via the at least one pump manifold while
continuously pumping the fluids into the third well by opening a fourth set of
valves;

closing the third set of valves to stop pumping the fluids into the third well;

isolating and continuously pumping the fluids into the fourth well.

8. The method of claim 7, further comprising, before closing the third set of valves,

stabilizing a pressure in the third well and the fourth well.

9. The method of claim 8, wherein the stabilizing of the pressure in the third well and the

fourth well comprises reducing a pump rate of the fluids.

10. A method, comprising:
providing a fracturing pumping plan on a software application, the fracturing plan
comprising pre-made instructions to perform at least one continuous pumping
operations for one or more wells;
executing the fracturing pumping plan to perform the at least one continuous pumping

operations in a built hydraulic fracturing system coupled to the one or more wells.

11. The method of claim 10, wherein the pre-made instructions further comprise instructions
to simultaneously perform the at least one continuous pumping operations on a second

well, different the one or more wells, coupled to the built hydraulic fracturing system.

12. The method of claim 11, wherein the pre-made instructions further comprise instructions
to stop the at least one continuous pumping operations on the one or more wells while

continuing the at least one continuous pumping operations on the second well.

13. The method of claim 10, wherein the pre-made instructions further comprise instructions
to simultaneously perform the at least one continuous pumping operations on a plurality

of wells, different the one or more wells, coupled to the built hydraulic fracturing system.
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14. The method of claim 13, wherein the pre-made instructions further comprise instructions
to stop the at least one continuous pumping operations on the one or more wells while

continuing the at least one continuous pumping operations on the plurality of wells.

15. The method of claim 10, further comprising monitoring the performance of the fracturing
pumping plan;
wherein monitoring includes collecting data from a plurality of sensors disposed along a

plurality of devices of the built hydraulic fracturing system.

16. The method of claim 10, wherein the software application automatically executes the

fracturing pumping plan.

17. The method of claim 10, wherein the pre-made instructions comprise a sequence of valve

operations to allow fluid flow into the one or more wells.

18. The method of claim 10, further comprising displaying the fracturing pumping plan on a

display coupled to the software application.

19. The method of claim 10, wherein the at least one continuous pumping operations
comprises pumping a flush fluid to remove excess fracturing fluid in the one or more

wells.

20. A system, comprising:

a built hydraulic fracturing system comprising a plurality of devices connected together
and in fluid communication with one or more wells;

at least one continuous pumping operations for one or more wells; and

a fracturing pumping plan provided on a software application, the fracturing plan
comprising instructions to perform at least one continuous pumping operations for
the one or more wells;

wherein the instructions comprise a sequence of valve operations to direct fluid flow

through a selected path into the one or more wells.
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21. The system of claim 20, further comprising a second built hydraulic fracturing system
comprising a second plurality of devices connected together and in fluid communication
with a set of wells different than the one or more wells, wherein the fracturing pumping
plan is simultaneously performed on the built hydraulic fracturing system and the second

built hydraulic fracturing system.

22. The system of claim 21, wherein the sequence of valve operations of the instructions is

also used on the set of wells.
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ABSTRACT

A system may have a built hydraulic fracturing system with a plurality of devices connected
together and in fluid communication with one or more wells. The system may also include at
least one continuous pumping operations for one or more wells and a fracturing pumping plan
provided on a software application. The fracturing plan may include instructions to perform at
least one continuous pumping operations for the one or more wells. The instructions may include
a sequence of valve operations to direct fluid flow through a selected path into the one or more

wells.
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Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt identifying the requested changes, preferably by including a
properly marked-up ADS showing the changes with strike-through for deletions and underlining for additions. If you
received a "Notice to File Missing Parts" or other Notice requiring a response for this application, please submit any
request for correction to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply to
the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections provided that
the request is grantable.

Inventor(s)

Andrew Krupa, Houston, TX;

Corey Massey, Houston, TX;

James Cook, Houston, TX;
Applicant(s)

FMC Technologies, Inc., Houston, TX;

Power of Attorney:
Aron Griffith--51756

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 03/01/2021

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 63/153,607

Projected Publication Date: None, application is not eligible for pre-grant publication
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Non-Publication Request: No

Early Publication Request: No
Title

SYSTEM AND METHOD FOR AN AUTOMATED AND INTELLIGENT FRAC PUMPING
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
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the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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Doc Code: TR.PROV
Document Description: Provisional Cover Sheet (SB16)

PTO/SB/16 {02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information unless it displays a valid OMB control number

Provisional Application for Patent Cover Sheet
This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53(c)

Inventor(s)

Inventor 1

Given Name Middle Name Family Name City State Country j
R I —

Inventor 2

Given Name Middle Name Family Name City State Country j
Corey I\/Iassey Houston II'X us

Inventor 3

Given Name Middle Name Family Name City State Country j
James Cook Houston IFX us

All Inventors Must Be Listed — Additional Inventor Information blocks may be Add

generated within this form by selecting the Add button.

Title of Invention
UMPING

Attorney Docket Number (if applicable) 17910-219001

Correspondence Address

Direct all correspondence to (select one):

(® The address corresponding to Customer Number (O Firm or Individual Name

Customer Number 2511

The invention was made by an agency of the United States Government or under a contract with an agency of the United
States Government.

® No.

Yes, the invention was made by an agency of the United States Government. The U.S. Government agency name is:

Yes, the invention was under a contract with an agency of the United States Government. The name of the U.S.
Government agency and Government contract number are:

EFS - Web 1.0.2
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Doc Code: TR.PROV

Document Description: Provisional Cover Sheet (SB16)
PTO/SB/16 {02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information unless it displays a valid OMB control number

Entity Status
Applicant asserts small entity status under 37 CFR 1.27 or applicant certifies micro entity status under 37 CFR 1.29

O Applicant asserts small entity status under 37 CFR 1.27

(O Applicant certifies micro entity status under 37 CFR 1.29. Applicant must attach form PTO/SB/15A or B or equivalent.

(® No

Warning

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card
numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required
by the USPTO to support a petition or an application. If this type of persconal infermation is included in documents submitted
to the USPTO, petitioners/applicants should consider redacting such personal information from the documents before
submitting them to USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public
after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the
application) or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the
public if the application is referenced in a published application or an issued patent (see 37 CFR1.14). Checks and credit
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are
not publicly available.

Signature

Please see 37 CFR 1.4(d) for the form of the signature.

Signature Aron T. Griffith/ Date (YYYY-MM-DD) |po021-02-25

First Name Aron Last Name riffith Registratiqn Number E1756
(If appropriate)

This collection of information is required by 37 CFR 1.51. The information is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection
is estimated to take 8 hours to complete, including gathering, preparing, and submitting the completed application form to the USPTO.
Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department
of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. This
form can only be used when in conjunction with EFS-Web. If this form is mailed to the USPTO, it may cause delays in handling
the provisional application.

EFS - Web 1.0.2
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Privacy Act Statement

The Privacy Act of 1874 (P_L. 93-579) requires that you be given certain information in connection with your submission of
the attached form related to a patent application or paten. Accordingly, pursuant to the requirements of the Act, please be
advised that : (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the
information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your
submission, which may result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (3 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether disclosure of these records is required by the Freedom of Information
Act.

A record from this system of records may be disclesed, as a routine use, in the course of presenting evidence to
a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 352a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, t o a n other federal agency for purposes
of National Security review {35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
29086. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential viclation of law or regulation.
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PTO/AIA/14 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

) N Attorney Docket Number | 17910-219001
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEM AND METHOD FOR AN AUTOMATED AND INTELLIGENT FRAC PUMPING

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.}

Inventor Information:

Remove
Inventor |1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
‘ El lﬁ\ndrew ‘ '(rupa ‘ El
Residence Information (Select One) e US Residency Non US Residency Active US Military Service

City | Houston State/Province | [TX Country of Residencd | S

Mailing Address of Inventor:

Address 1 1740 Katy Fwy

Address 2

City | |—Iouston I State/Province | frx

Postal Code | [r7o79 | Countryi | s

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Nr. El [Corey ‘ Massey ‘ El
Residence Information (Select One) (@ US Residency Non US Residency Active US Military Service

City | Houston State/Province | [TX Country of Residencd S

Mailing Address of Inventor:

Address 1 1740 Katy Fwy

Address 2

City | '—Iouston | State/Province | rrx
Postal Code | [r7079 | Countryi | ‘US

R
Inventor 3

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Nr. El lJames ‘ Fook ‘ El
Residence Information (Select One) (®) US Residency Non US Residency Active US Military Service

EFS Web 2213
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 17910-219001

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEM AND METHOD FOR AN AUTOMATED AND INTELLIGENT FRAC PUMPING

City | Houston State/Province | [TX Country of Residencé | US

Mailing Address of Inventor:

Address 1 1740 Katy Fwy

Address 2

City | '—Iouston | State/Province | rl'x

Postal Code | [rrore | Countryi | us

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number P2511

Email Address docketing@obwbip.com | Add Email ] |[Remove Email

Application Information:

Title of the Invention BYSTEM AND METHOD FOR AN AUTOMATED AND INTELLIGENT FRAC PUMPING

Attorney Docket Number| [17910-219001 Small Entity Status Claimed [ ]

Application Type Provisional -
Subject Matter | Itility -
Total Number of Drawing Sheets (if any) 9 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below {i.e., "Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the descripticn and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). ]
| -
Application number of the previously Filing date {YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

L Attorney Docket Number | 17910-219001
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEM AND METHOD FOR AN AUTOMATED AND INTELLIGENT FRAC PUMPING

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: ® Customer Number US Patent Practitioner ‘ (O Limited Recognition (37 CFR 11.9)
Customer Number 02511

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

v

Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the pricrity document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g){1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

EFS Web 2.2.13
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PTO/AIA/14 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

L Attorney Docket Number
Application Data Sheet 37 CFR 1.76

17910-219001

Application Number

Title of Invention | SYSTEM AND METHOD FOR AN AUTOMATED AND INTELLIGENT FRAC PUMPING

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition

Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
18, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 17910-219001

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEM AND METHOD FOR AN AUTOMATED AND INTELLIGENT FRAC PUMPING

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly sighed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPQO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 helow, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authoerization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIP0O), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related biblicgraphic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

().

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2_ Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s}

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authocrize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 17910-219001

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEM AND METHOD FOR AN AUTOMATED AND INTELLIGENT FRAC PUMPING

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant }

If the applicant is the inventor (or the remaining jeint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name

FMC Technologies, Inc.

Mailing Address Information For Applicant:

Address 1 1740 Katy Fwy

Address 2

City Houston State/Province ITX
Country ‘ s Postal Code 77079
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 17910-219001

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEM AND METHOD FOR AN AUTOMATED AND INTELLIGENT FRAC PUMPING

Assignee (1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. X
Organization Name FMC Technologies, Inc.
Mailing Address Information For Assignee including Non-Applicant Assignee:
Address 1 11740 Katy Fwy
Address 2
City Houston I State/Province TX
Countryi s I Postal Code 77079
Phone Number | Fax Number
Email Address
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by o

selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14{c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature [JAron T. Griffith/ Date (YYYY-MM-DD)| 021-02-25
First Name )Aron Last Name | Frifﬁth Registration Number 1,756
Additional Signature may be generated within this form by selecting the Add button. Add
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

L Attorney Docket Number | 17910-219001
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SYSTEM AND METHOD FOR AN AUTOMATED AND INTELLIGENT FRAC PUMPING

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy
Act (5U.5.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
acontract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C.
552a{m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.5.C.
122(b) or issuance of a patent pursuant to 35U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential viclation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

SYSTEM AND METHOD FOR AN AUTOMATED AND INTELLIGENT FRAC

PUMPING

First Named Inventor/Applicant Name:

Andrew Krupa

Filer:

Jeffrey S. Bergman/alan kingery

Attorney Docket Number:

17910-219001

Filed as Large Entity

Filing Fees for Provisional

Description Fee Code Quantity Amount Suz—;l'g(t;)l in
Basic Filing:
PROVISIONAL APPLICATION FILING 1005 1 300 300

Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
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Description

Fee Code

Quantity

Amount

Sub-Total in

UsD($)
Extension-of-Time:
Miscellaneous:
Total in USD ($) 300
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Electronic Acknowledgement Receipt

EFS ID: 42024825
Application Number: 63153607
International Application Number:
Confirmation Number: 2716

Title of Invention:

SYSTEM AND METHOD FOR AN AUTOMATED AND INTELLIGENT FRAC
PUMPING

First Named Inventor/Applicant Name:

Andrew Krupa

Customer Number:

22511

Filer:

Jeffrey S. Bergman/alan kingery

Filer Authorized By:

Jeffrey S. Bergman

Attorney Docket Number: 17910-219001
Receipt Date: 25-FEB-2021
Filing Date:
Time Stamp: 15:33:28
Application Type: Provisional

Payment information:
Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $300
RAM confirmation Number E202120F34002129

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document . . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
2031942
1 Provisional Cover Sheet (SB16) Transmittal.PDF no 3
6bfae895bc6c78425a0fbed6c542d0117€0
d4922
Warnings:
Information:
1255764
2 Application Data Sheet ADS.PDF no 9
965b3982e3c8f97f4f541a09639ab0894 296
73%
Warnings:
Information:
110372
3 Application.pdf yes 29
644991c5ae4780fe158afd 14482ea1c59d83)|
5e25
Multipart Description/PDF files in .zip description
Document Description Start End
Abstract 29 29
Claims 25 28
Specification 1 24
Warnings:
Information:
753705
4 Drawings-only bIaFk and white line Drawings.PDF no 9
drawings
9f67affdc46981cc6fd04911277d234db143d|
a87
Warnings:
Information:
30069
5 Fee Worksheet (SB06) fee-info.pdf no 2
0a327752cc727100e51df38a8d9df3c6527¢]
94a4
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Warnings:

Information:

Total Files Size (in bytes){ 4181852

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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