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ABSTRACT

Embodiments of systems and methods disclosed provide a hydraulic fracturing
unit that includes a reciprocating plunger pump configured to pump a fracturing fluid and
a powertrain configured to power the reciprocating plunger pump. The powertrain
includes a prime mover and a drivetrain, the prime mover including a gas turbine engine.
The hydraulic fracturing unit also includes auxiliary equipment configured to support
operation of the hydraulic fracturing unit including the reciprocating plunger pump and the
powertrain. A power system is configured to power the auxiliary equipment. The power
system includes a power source and a power network. The power source is configured
to generate power for the auxiliary equipment. The power network is coupled to the power
source and the auxiliary equipment, and configured to deliver the power generated by the
power source to the auxiliary equipment. Associated systems including a plurality of
hydraulic fracturing units are also provided.
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POWER SOURCES AND TRANSMISSION NETWORKS FOR
AUXILIARY EQUIPMENT ONBOARD HYDRAULIC FRACTURING UNITS
AND ASSOCIATED METHODS

TECHNOLOGICAL FIELD
[0001] This disclosure relates generally to fracturing operations for oil and gas
wells, and in particular, to power sources and networks for auxiliary equipment onboard

hydraulic fracturing units and associated methods.

BACKGROUND
[0002] Fracturing is an oilfield operation that stimulates production of
hydrocarbons, such that the hydrocarbons may more easily or readily flow from a
subsurface formation to a well. For example, a fracturing system may be configured to
fracture a formation by pumping a fracking fluid into a well at high pressure and high
flow rates. Some fracking fluids may take the form of a slurry including water, proppants
(e.g., sand), and/or other additives, such as thickening agents and/or gels. The slurry
may be forced via one or more pumps into the formation at rates faster than can be
accepted by the existing pores, fractures, faults, or other spaces within the formation. As
a result, pressure builds rapidly to the point where the formation fails and begins to
fracture.
[0003] By continuing to pump the fracking fluid into the formation, existing
fractures in the formation are caused to expand and extend in directions farther away
from a well bore, thereby creating flow paths to the well bore. The proppants may serve
to prevent the expanded fractures from closing when pumping of the fracking fluid is
ceased or may reduce the extent to which the expanded fractures contract when
pumping of the fracking fluid is ceased. Once the formation is fractured, large quantities
of the injected fracking fluid are allowed to flow out of the well, and the production

stream of hydrocarbons may be obtained from the formation.
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[0004] Hydraulic fracturing has commonly been performed with the use of a
diesel engine that acts as the prime mover in the powertrain. This diesel engine is then
directly mated with a transmission that in turn is coupled to a drive shaft that then is
connected to a reciprocating plunger pump. When a gear is selected at the transmission
the diesel engine may then transfer power and torque through to the pump resulting in
the pumps crank turning and displacing fracturing fluid. Commonly, the use of diesel
engines onboard hydraulic fracturing units may yield between 2,000 and 3,000 hydraulic
horsepower (HHP). These kind of power outputs may at times result in up to twenty
hydraulic fracturing units on location to be able to meet the flow and resultant pressure
demand to fracture the sub-surface geological formation.

[0005] Diesel engine hydraulic fracturing units like all variations of hydraulic
fracturing units have onboard auxiliary equipment that is required to operate in
conjunction with the powertrain to ensure that equipment is lubricated and protected,
and also to enhance to efficiency of the equipment. Examples of these onboard auxiliary
equipment include lubrication pumps that provide low-pressure and high-pressure gear
oil injection into the reciprocating pump crank case and bearing housings. The injection
of this oil into the pump’s power end ensures that friction between mating surfaces is
reduced, and it also mitigates the heat rejection from this friction and prevents it from
elevating to a temperature that may cause wear and premature failure.

[0006] Cooling equipment is another example of auxiliary equipment onboard
many hydraulic fracturing units. The cooling equipment includes multiple cooling circuits
for engine cooling, transmission cooling, pump lube oil cooling, hydraulic cooling and
the like. This cooling equipment may include tube and shell heat exchangers, but it is
more common to utilize fan-driven heat exchangers that allow for the control of fan
speed that permits operators to mitigate the amount of cooling performed and conserve
energy used to drive fan motors.

[0007] The auxiliary equipment onboard a diesel engine hydraulic fracturing unit,
including the lubrication and cooling equipment, needs driving power to allow the
equipment to perform respective functions and operate efficiently. The power used to

drive these onboard auxiliary equipment is commonly hydraulic power from a power
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takeoff (PTO) that is located on the main diesel engine, and at times may see up to 100
HHP drawn from the diesel engine.

[0008] As an alternative to the diesel engine, electric fracking (or e-frac) uses an
electric motor to drive a reciprocating fracturing pump. Electric fracturing sees power
generated at a single source (usually from a turbine generator). This power source
conditions and distributes the power through electric switching and drives, eventually
providing power to the main electric motor that is equipped with a dual shaft that may
power two pumps onboard a fracturing unit.

[0009] The use of electric power to drive fracturing pumps does not eliminate the
requirement for onboard auxiliary equipment, but the utilization of high-voltage power
may be conditioned and transformed into low voltages to run pumps, cooling equipment
and other auxiliary equipment. The use of a single standalone turbine generator allows
the auxiliary equipment to be powered from a standalone power source, and avoids the
removal of power from the prime mover driving the pump as does a diesel engine
hydraulic fracturing unit.

[0010] Although it may appear that an electric fracturing well site is also less
congested than a diesel engine fracturing well site, both are often comparably
congested. The assembly of two pumps per fracturing unit at an electric fracturing well
site does see the pump count reduce by half. But the electric fracturing well site adds
multiple drive and transformer trailers, as well as primary and backup turbine
generators. Despite the vehicle and machinery count on location, the power utilization to
both the pump and auxiliary equipment does often prove to be more efficient with
electric motor efficiencies being greater than that of its hydraulic counterpart; however,

the capital costto implement such electric equipment and circuitry is far greater.

SUMMARY
[0011] In view of both diesel and electric fracturing technologies, a direct drive
turbine (DDT) hydraulic fracturing unit has been developed that utilizes a dual fuel, dual
shaft gas turbine engine as the prime mover in the hydraulic fracturing pump powertrain.

The gas turbine engine is installed in a sound proof enclosure that allows the engine to
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be protected from adverse weather conditions. The gas turbine engine is directly
mounted and coupled to a reduction transmission (e.g., gearbox) that in turn is
connected to a drive shaft that finally connects to a reciprocating pump via a drive
flange. These hydraulic fracturing units may output the HHP of two conventional diesel
engines, or one electric fracturing unit, without the need for other electric-generation
equipment.

[0012] Afundamental difference in the assembly of DDT hydraulic fracturing units
is their onboard auxiliary equipment. There are more auxiliary circuits and equipment
onboard a DDT hydraulic fracturing unit in comparison to a diesel engine hydraulic
fracturing units due to the complexity and requirements of a gas turbine engine. The gas
turbine engine has dual shafts with the output shaft reaching speeds of up to 16,000
revolutions per minute (RPM), and this makes running a PTO directly from the engine’s
output shaft a complex and costly development. Example implementations of the
present disclosure are directed to power generation onboard a mobile turbine-engine
driven hydraulic fracturing unit, and may include hydraulic power, electric power, or both

hydraulic power and electric power.

[0013] The present disclosure includes, without limitation, the following example
implementations.
[0014] Some example implementations provide a system for fracturing a well.

The system includes one or more one or more hydraulic fracturing units. Each hydraulic
fracturing unit includes a chassis, a reciprocating plunger pump connected to the
chassis and configured to pump a fracturing fluid, and a powertrain connected to the
chassis and configured to power the reciprocating plunger pump. The powertrain
includes a direct drive gas turbine engine and a drivetrain, and the direct drive gas
turbine engine is operable using of two or more different types of fuel. The hydraulic
fracturing unit also includes auxiliary equipment located onboard the chassis, and driven
by electric motors to support operation of the hydraulic fracturing unit including the
reciprocating plunger pump and the powertrain.

[0015] The system also includes one or more electric power arrangements

configured to power the auxiliary equipment. Each electric power arrangement includes
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an engine-generator set configured to generate electric power, and an electric power
network coupled to the engine-generator set and the electric motors. The electric power
network is also coupled or coupleable to a utility power grid, a battery bank or a second
engine-generator set of a neighboring hydraulic fracturing unit. The electric power
network is configured to deliver the electric power generated by the engine-generator
set to the electric motors to drive the auxiliary equipment. And the electric power
network is configured to switchably connect the utility power grid, the battery bank or the
second engine-generator set to deliver power to the electric motors responsive to a
failure or fault of the engine-generator set.

[0016] In some examples, the engine-generator set includes a diesel engine and
an electric motor generator, and the diesel engine is configured to drive the electric
motor generator to generate the electric power. In some other examples, the engine-
generator set includes a gas turbine engine and an electric generator, and the gas
turbine engine is configured to drive the electric generator to generate the electric
power.

[0017] In some examples, the hydraulic fracturing unit(s) are a plurality of
hydraulic fracturing units, and the electric power arrangement(s) are a plurality of
electric power arrangements each of which is connected to the chassis of a respective
one of the hydraulic fracturing units. In some other examples, the electric power
arrangement(s) include the electric power arrangement that is configured to power the
auxiliary equipment across the hydraulic fracturing units.

[0018] Some other example implementations provide a system for fracturing a
well. The system includes also one or more one or more hydraulic fracturing units, and
the auxiliary equipment is driven by hydraulic motors to support operation of the
hydraulic fracturing unit including the reciprocating plunger pump and the powertrain.
The system of these other example implementations also includes one or more
hydraulic power arrangements configured to power the auxiliary equipment. Each
hydraulic power arrangement includes a hydraulic power source and a hydraulic power
network. The hydraulic power source includes an electric motor configured to drive a

plurality of pumps via a hydraulic pump drive to generate hydraulic power, and the
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electric motor is powered by shore power from an external source of electric power. The
hydraulic power network is coupled to the hydraulic power source and the hydraulic
motors, and configured to deliver the hydraulic power generated by the hydraulic power
source to the hydraulic motors to drive the auxiliary equipment.

[0019] Some yet other example implementations provide a system for fracturing a
well. The system includes also one or more one or more hydraulic fracturing units, and
the auxiliary equipment is driven by hydraulic motors to support operation of the
hydraulic fracturing unit including the reciprocating plunger pump and the powertrain.
The system also includes one or more hydraulic power arrangements configured to
power the auxiliary equipment. Each hydraulic power arrangement includes a plurality of
power takeoffs (PTOs) connected to a transmission of the drivetrain. The PTOs are
equipped with respective electric motor generators and pump, and the transmission is
configured to drive the respective electric motor generators to generate electric power
from which the respective pumps are powered to generate hydraulic power. The
hydraulic power arrangement also includes a hydraulic power network coupled to the
PTOs and the hydraulic motors. The hydraulic power network is configured to deliver
the hydraulic power generated by the multi-stage pump to the hydraulic motors to drive
the auxiliary equipment.

[0020] Example implementations also provide methods of fracturing a well. The
methods of some example implementations includes arranging hydraulic fracturing
unit(s) with auxiliary equipment driven by electric or hydraulic motors. The method
includes arranging electric or hydraulic power arrangement(s) to power the auxiliary
equipment. And the method includes operating the powertrain to power reciprocating
plunger pump to pump fracturing fluid, and the electric / hydraulic power arrangement to
power the auxiliary equipment.

[0021] These and other features, aspects, and advantages of the present
disclosure will be apparent from a reading of the following detailed description together
with the accompanying figures, which are briefly described below. The present
disclosure includes any combination of two, three, four or more features or elements set

forth in this disclosure, regardless of whether such features or elements are expressly
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combined or otherwise recited in a specific example implementation described herein.
This disclosure is intended to be read holistically such that any separable features or
elements of the disclosure, in any of its aspects and example implementations, should
be viewed as combinable, unless the context of the disclosure clearly dictates
otherwise.

[0022] It will therefore be appreciated that this Brief Summary is provided merely
for purposes of summarizing some example implementations so as to provide a basic
understanding of some aspects of the disclosure. Accordingly, it will be appreciated that
the above described example implementations are merely examples and should not be
construed to narrow the scope or spirit of the disclosure in any way. Other example
implementations, aspects and advantages will become apparent from the following
detailed description taken in conjunction with the accompanying figures which illustrate,
by way of example, the principles of some described example implementations.

BRIEF DESCRIPTION OF THE FIGURES
[0023] Having thus described aspects of the disclosure in the foregoing general
terms, reference will now be made to the accompanying figures, which are not
necessarily drawn to scale, and wherein:
[0024] FIG. 1 is a block diagram of a system for fracturing a well according to
some example implementations of the present disclosure;
[0025] FIG. 2 is a block diagram of a hydraulic fracturing unit according to some
example implementations;
[0026] FIG. 3 illustrates a power arrangement configured to power auxiliary
equipment onboard the hydraulic fracturing unit, according to some example
implementations;
[0027] FIG. 4 illustrates an example in which the power arrangement is an
electric power arrangement, according to some example implementations;
[0028] FIGS. 5 and 6 illustrate examples in which the power arrangement is a

hydraulic power arrangement, according to some example implementations;
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[0029] FIG. 7 illustrates an example in which the power arrangement is onboard
the hydraulic fracturing unit, according to some example implementations;

[0030] FIGS. 8, 9 and 10 are block diagrams of a system with a plurality of
hydraulic fracturing units with respective onboard power arrangements configured to
power to respective auxiliary equipment, according to some example implementations;
[0031] FIGS. 11, 12, 13 and 14 are block diagrams of a system with a plurality of
hydraulic fracturing units, and a power arrangement configured to power to respective
auxiliary equipment across the plurality of hydraulic fracturing units, according to some
example implementations;

[0032] FIG. 15 illustrates another example of an electric power arrangement
according to some example implementations;

[0033] FIG. 16 illustrates an example of a variable frequency drive (VDD) with
connections to an AC motor, according to some example implementations;

[0034] FIG. 17 is a block diagram another example hydraulic power arrangement
according to some example implementations;

[0035] FIG. 18 is a block diagram another power arrangement according to some
example implementations;

[0036] FIG. 19 illustrates an active front end (AFE) according to some example
implementations; and

[0037] FIGS. 20 and 21 are flowcharts illustrating various operations in methods

of fracturing a well, according to various example implementations.

DETAILED DESCRIPTION
[0038] Some implementations of the present disclosure will now be described
more fully hereinafter with reference to the accompanying figures, in which some, but
not all implementations of the disclosure are shown. Indeed, various implementations of
the disclosure may be embodied in many different forms and should not be construed
as limited to the implementations set forth herein; rather, these example
implementations are provided so that this disclosure will be thorough and complete, and

will fully convey the scope of the disclosure to those skilled in the art. Like reference
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numerals refer to like elements throughout.

[0039] Unless specified otherwise or clear from context, references to first,
second or the like should not be construed to imply a particular order. A feature may be
described as being above another feature (unless specified otherwise or clear from
context) may instead be below, and vice versa; and similarly, features described as
being to the left of another feature else may instead be to the right, and vice versa. Also,
while reference may be made herein to quantitative measures, values, geometric
relationships or the like, unless otherwise stated, any one or more if not all of these may
be absolute or approximate to account for acceptable variations that may occur, such as
those due to engineering tolerances or the like.

[0040] As used herein, unless specified otherwise or clear from context, the “or”
of a set of operands is the “inclusive or’ and thereby true if and only if one or more of
the operands is true, as opposed to the “exclusive or” which is false when all of the
operands are true. Thus, for example, “[A] or [B] is true if [A] is true, or if [B] is true, or if
both [A] and [B] are true. Further, the articles “a” and “an” mean “one or more,” unless
specified otherwise or clear from context to be directed to a singular form.

[0041] FIG. 1 illustrates a system 100 for fracturing a well according to some
example implementations of the present disclosure. As shown, the system generally
includes a plurality of plurality of hydraulic fracturing units 102 configured to pump a
fracturing fluid, and a manifold 104 from which the fracturing fluid is delivered to the
well.

[0042] More particularly, in the system 100 shown in FIG. 1, water from tanks 106
and gelling agents dispensed by a chemical unit 108 are mixed in a hydration unit 110.
The discharge from hydration unit, along with sand carried on conveyors 112 from sand
tanks 114 is fed into a blender 116 that mixes the gelled water and sand into fracturing
fluid (a slurry). The blender discharges the fracturing fluid through low-pressure hoses
that convey it into two or more low-pressure lines in the manifold 104. The low-pressure
lines in the manifold feed the fracturing fluid to the hydraulic fracturing units 102,

perhaps as many as a dozen or more, through low-pressure “suction” hoses.
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[0043] The hydraulic fracturing units 102 take the fracturing fluid and discharge it
at high pressure through individual high-pressure “discharge” lines into two or more
high-pressure lines or “missiles” on the manifold 104. The missiles flow together, i.e.,
they are manifolded on the manifold. Several high-pressure flow lines run from the
manifolded missiles to a “goat head” that delivers the fracturing fluid into a “zipper”
manifold. The zipper manifold allows the fracturing fluid to be selectively diverted to, for
example, one of two well heads. Once fracturing is complete, flow back from the
fracturing operation discharges into a flowback manifold which leads into flowback
tanks.

[0044] Because systems for fracturing a well are required on site for a relatively
short period of time, the larger components of the system 100 typically are transported
to a well site on skids, trailers, or trucks as more or less self-contained units. They then
are connected to the system by one kind of conduit or another. In FIG. 1, for example,
the hydraulic fracturing units, chemical unit 108, hydration unit 110 and blender 116 may
be mounted on a trailer that is transported to the well site by a truck. Because they are
designed to be more or less self-contained units, however, they are complex machines
and incorporate several distinct subsystems and a large number of individual
components.

[0045] FIG. 2 illustrates a hydraulic fracturing unit 102 according to some
example implementations of the present disclosure. The hydraulic fracturing unit
includes a chassis 204, and a pump 206, such as a reciprocating pump, connected to
the chassis and configured to pump a fracturing fluid. In some examples, the chassis
may include a trailer (e.g., a flat-bed trailer) and/or a truck body to which the
components of the hydraulic fracturing unit may be connected. For example, the
components may be carried by trailers and/or incorporated into trucks, so that they may
be easily transported between well sites.

[0046] The pump 206 may be reciprocating plunger pump including a power end
and a fluid end. The power end transforms rotational motion and energy from a
powertrain 208 into the reciprocating motion that drives plungers in the fluid end. In the

fluid end, the plungers force fluid into a pressure chamber that is used to create high
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pressure for well servicing. The fluid end may also include a discharge valve assembly
and a suction valve assembily.

[0047] The hydraulic fracturing unit 102 includes the powertrain 208 also
connected to the chassis and configured to power the pump. In this regard, the
powertrain includes a prime mover 210 and a drivetrain 212. In some examples, the
hydraulic fracturing unit is a direct drive turbine (DDT) unit in which the prime mover is
or includes a gas turbine engine (GTE) 214. As also shown, the drivetrain includes a
reduction transmission 216 (e.g., gearbox) connected to a drive shaft 218, which, in
turn, is connected to the pump such as via an input shaft or input flange of the pump.
Other types of GTE-to-pump arrangements are contemplated.

[0048] In some examples, the GTE 214 may be a direct drive GTE. The GTE may
be a dual-fuel or bi-fuel GTE, for example, operable using of two or more different types
of fuel, such as natural gas and diesel fuel, although other types of fuel are
contemplated. For example, a dual-fuel or bi-fuel GTE may be capable of being
operated using a first type of fuel, a second type of fuel, and/or a combination of the first
type of fuel and the second type of fuel. For example, the fuel may include compressed
natural gas (CNG), natural gas, field gas, pipeline gas, methane, propane, butane,
and/or liquid fuels, such as, for example, diesel fuel (e.g., #2 Diesel), bio-diesel fuel, bio-
fuel, alcohol, gasoline, gasohol, aviation fuel, etc. Gaseous fuels may be supplied by
CNG bulk vessels, a gas compressor, a liquid natural gas vaporizer, line gas, and/or
well-gas produced natural gas. Other types and sources of fuel are contemplated. The
GTE may be operated to provide horsepower to drive the pump 206 via the drivetrain
212 to safely and successfully fracture a formation during a well stimulation project.
[0049] As also shown, the hydraulic fracturing unit 102 includes auxiliary
equipment 220 located onboard the chassis 204, and configured to support operation of
the hydraulic fracturing unit including the pump 206 and the powertrain 208. As
described above, the auxiliary equipment onboard the hydraulic fracturing unit may
include lubrication and cooling equipment such as cooling fans and lubrication pumps.
More particular examples of auxiliary equipment include a lube oil pump coupled to the
reduction transmission 216, a cooling fan coupled to a reduction transmission lube oll
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pump, a lube oil pump coupled to the power end of the pump, a cooling fan coupled to a
power end lube oil pump, a cooling fan to the GTE 214, a GTE air cooling fan, a screw
type air compressor, an air dryer, greaser equipment for the pump 206, an air intake
blower fan motor, a GTE controller, a hydraulic starter pump, a GTE lube cooling fan, a
telescope exhaust winch, a master programmable logic controller (PLC), and the like.
[0050] As shown in FIG. 3, example implementations of the present disclosure
provide a power arrangement 300 configured to power the auxiliary equipment 220. As
explained in greater detail below, the system 100 may include the power arrangement
may be located onboard the hydraulic fracturing unit 102, such as on the gooseneck of
a trailer. Additionally or alternatively, the system 100 may include the power
arrangement configured to power the auxiliary equipment across the plurality of
hydraulic fracturing units if not also backside equipment such as the chemical unit 108,
hydration unit 110, conveyors 112, sand tanks 114, blender 116 and the like. In some
examples, the backside equipment may also include a data center 118.

[0051] As shown, the power arrangement 300 generally includes a power source
302 and a power network 304. The power source is configured to generate power for
the auxiliary equipment. The power network is coupled to the power source and the
auxiliary equipment, and configured to deliver the power generated by the power source
to the auxiliary equipment.

[0052] In various examples, the power arrangement 300 may be an electric
power arrangement or a hydraulic power arrangement. FIG. 4 illustrates an example in
which the power arrangement 300 is an electric power arrangement 400. In this
example, the power source 224 is an electric power source 402 configured to generate
electric power for the auxiliary equipment 220, and the power network is an electric
power network 404 configured to deliver the electric power to the auxiliary equipment,
which may include one or more electric motors 406.

[0053] As shown in FIG. 4, in some examples, the electric power source 402
includes an engine-generator set 408 with an engine 410, such as a reciprocating
engine or GTE 412, and an electric generator such as an electric motor generator 414.

One example of a suitable reciprocating engine is a diesel engine such as a tier four
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diesel engine, and one example of a suitable electric motor generator is a permanent
magnet (PM) motor generator.

[0054] One particular example of a suitable GTE 412 that could be made part of
the electric power source 402 is a microturbine from Capstone Turbine Corporation,
although other turbines with similar technology and compact foot print could also be
used. Gas turbine engines such as Capstone microturbines can be installed individually
or in a parallel multipack configuration to create a local power grid that can be quiet,
lightweight, modular and have low maintenance. Capstone microturbines and others like
them have similar fuel capabilities to that of the Vericor TF50F turbine engine in such a
way that even though natural gas is their preferred fuel source, diesel can be introduced
as fuel for the turbine for a short period of time making this turbine adaptable to

operating conditions and fuel shortage scenarios.
[0055] The utilization of a microturbine as the GTE 412 in the electric power

source 402 may result in lower emissions to that of a reciprocating engine such as a
diesel engine. This may allow for a single fuel hook up for CNG, reduce total operating
costs, and reduce the power generation package size on the hydraulic fracturing unit
102. Other machinery and components associated with the main turbine air intake
conditioning such as chillers and filters may also be shared with this microturbine.
[0056] In some examples, the electric power arrangement 400 further includes a
connection 416 to shore power from an external source of electric power, such as a
utility power grid, another engine-generator set or the like, from which the auxiliary
equipment 220 are also powerable. Additionally or alternatively, in some examples, the
electric power arrangement further includes a battery bank 418 chargeable from the
power generated by the electric motor generator 414, and from which the auxiliary
equipment are also powerable. The battery bank may include one or more batteries
such as lithium on or lead acid batteries. In some examples in which the power
arrangement 300 is onboard the hydraulic fracturing unit 102, and the hydraulic
fracturing units of the system 100 include respective power arrangements, the electric
power arrangement further includes a connection 420 to a second power arrangement
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of a neighboring hydraulic fracturing unit from which the auxiliary equipment are also
powerable.

[0057] The auxiliary equipment 220 may be powered from the engine-generator
set 408, the shore power from the external source of electric power, the second electric
power arrangement from a neighboring hydraulic fracturing unit 102, or the battery bank
418. In some examples, the electric power network 404 is configured to deliver the
electric power generated by the engine-generator set to the electric motors 406 to drive
the auxiliary equipment. In some of these examples in which the engine-generator set
experiences a fault or failure, the electric power network may then, in response,
switchably connect the utility power grid, the battery bank or the second engine-
generator set to deliver power to the electric motors.

[0058] FIG. 5 illustrates an example in which the power arrangement 300 is a
hydraulic power arrangement 500. In this example, the power source 224 is a hydraulic
power source 502 configured to generate hydraulic power for the auxiliary equipment
220, and the power network is a hydraulic power network 504 configured to deliver the
hydraulic power to the auxiliary equipment, which may include one or more hydraulic
motors 506. As shown in FIG. 5, the hydraulic power source 502 includes a second
prime mover 508, such as a reciprocating engine or an electric motor 510, connected to
a plurality of pumps 612 via a hydraulic pump drive 514. One example of a suitable

electric motor is a PM motor. In some examples, the hydraulic power arrangement
further includes a connection 516 to shore power from an external source of electric

power, such as a utility power grid, another engine-generator set or the like, from which
the electric motor may be powered.

[0059] FIG. 6 illustrates another example in which the power arrangement 300 is
a hydraulic power arrangement 600. Similar to FIG. 5, in this example, the power source
224 is a hydraulic power source 602 configured to generate hydraulic power for the
auxiliary equipment 220, and the power network is a hydraulic power network 504

configured to deliver the hydraulic power to the auxiliary equipment, which may include
hydraulic motors 606. As shown in FIG. 6, however, the hydraulic power source includes

a plurality of power takeoffs (PTOs) 608 connected to the transmission 216 of the
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hydraulic fracturing unit 102. Each of the plurality of PTOs is equipped with a second
prime mover 610, such as an electric motor generator 612, and a pump 614. The
hydraulic power source therefore including a plurality of PTOs with respective second

prime movers and pumps.
[0060] As indicated above, the power arrangement 300 the power arrangement

may be located onboard the hydraulic fracturing unit 102. FIG. 7 illustrates an example
implementation of a hydraulic fracturing unit 702 in which the power arrangement 300 is
connected to the chassis and configured to power the auxiliary equipment 220. FIGS. 8,
9 and 10 illustrate examples of a system 800 including a plurality of these hydraulic
fracturing units 702 with respective power arrangements.

[0061] As shown in FIGS. 7 and 8, the system 800 for fracturing a well includes a
plurality of hydraulic fracturing units 702 including respective pumps 206 configured to
pump a fracturing fluid. The plurality of hydraulic fracturing units include respective
powertrains 208 configured to power the respective pumps, and respective auxiliary
equipment 220 configured to support operation of respective ones of the plurality of
hydraulic fracturing units including the respective pumps and the respective
powertrains. In addition, the plurality of hydraulic fracturing units further includes
respective power arrangements 300 configured to power to the respective auxiliary
equipment.

[0062] In some examples, the plurality of hydraulic fracturing units 702 include
neighboring hydraulic fracturing units, and the respective power arrangements 300 of
the neighboring hydraulic fracturing units are connected to one another, and from which
the respective auxiliary equipment 220 of the neighboring hydraulic fracturing units are
also powerable. This is shown by power cables 802 between neighboring hydraulic
fracturing units in FIG. 8.

[0063] In the event power is lost on a hydraulic fracturing unit 702 equipped with
a respective power arrangement 300, an automatic switching mechanism may allow
neighboring hydraulic fracturing units joined by a receptacle and plug to share power.
The neighboring hydraulic fracturing unit, then, may be able to provide power to the

hydraulic fracturing unit allowing its auxiliary equipment. f for somereason both
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hydraulic fracturing units wanted to operate at the same time and distribute both of their
power to a third hydraulic fracturing unit, the inclusion of synchronizing components
such as a synchro scope may ensure the speed and frequency of their power

arrangements are the same.
[0064] As shown in FIGS. 9 and 10, in some examples, the system 800 further

includes a battery bank 904 connected to the respective power arrangements of the
hydraulic fracturing units 702 that are configured to generate power from which the
battery bank is chargeable. In some of these examples, the battery bank is configured
to power the respective auxiliary equipment 220 from the power generated by the
respective power arrangements. In addition, backside equipment such as one or more
of the chemical unit 108, hydration unit 110, conveyors 112, sand tanks 114, blender
116 or data center 118 may be powered by the battery bank.

[0065] In FIG. 9, the battery bank 904 is directly connected to the respective
power arrangements by respective power cables 906. In FIG. 10, in some examples,
the system 800 further includes an electric bus 1008 connecting the respective power
arrangements of the hydraulic fracturing units 702, if not also the backside equipment,
to the battery bank. The electric bus may also function as the power share and
distribution path. In some of these other examples, the electric bus is connected to the
manifold 104. Even further, in some examples, the battery bank is also connected to
shore power from an external source of electric power (e.g., utility power grid), from
which the battery bank may also be chargeable and/or the respective auxiliary
equipment may also be powerable. This is shown in FIGS. 9 and 10 in which the battery
bank is connected to the data center 118 that is in turn connected to shore power from
the external source of electric power.

[0066] In other example implementations, the system may include the power
arrangement configured to power the auxiliary equipment across the plurality of
hydraulic fracturing units 102 if not also backside equipment such as the chemical unit
108, hydration unit 110, conveyors 112, sand tanks 114, blender 116, data center 118
and the like. FIGS. 11, 12, 13 and 14 illustrate examples of a system 1100 including a

plurality of hydraulic fracturing units, and a power arrangement 300 connected to the
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hydraulic fracturing units, and configured to power the respective auxiliary equipment
220 across hydraulic fracturing units. In addition, backside equipment may be powered
by power arrangement.

[0067] Due to high amperage draw from hydraulic fracturing units 102, single
power cables carrying the necessary voltage from the power arrangement 300 to the
hydraulic fracturing units may not be suitable due to this amperage rating being
unachievable. Each hydraulic fracturing unit that relies on the power arrangement to
power its auxiliary equipment may have a divided bus to allow the total amperage to the
hydraulic fracturing unit to be halved over an aluminum or copper bus bar allowing a
single power cable to power each bus. Some backside equipment such as the chemical
unit 108 and data center 118 may not require high continuous power and can be
equipped with a single power distribution such as a bus bar.

[0068] In FIG. 11, the power arrangement 300 is directly connected to the
hydraulic fracturing units 102 (and perhaps also the backside equipment) by respective
power cables 1102. In FIG. 12, in some examples, the system 1100 further includes an
electric bus 1204 connecting the hydraulic fracturing units (and perhaps also the
backside equipment) to the power arrangement. Similar to before, in some of these
other examples, the electric bus is connected to the manifold 104. Even further, in some
examples, the power arrangement is also connected to shore power from an external
source of electric power (e.g., utility power grid), from which the respective auxiliary
equipment may also be powerable. This is shown in FIGS. 11 and 12 in which the power
arrangement is connected to the data center 118 that is in turn connected to shore
power from the external source of electric power.

[0069] As shown in FIGS. 13 and 14, in some examples in which the power
arrangement 300 is an electric power arrangement 400, and includes is an electric
power source 402, the system further includes a battery bank 1306 chargeable from the
power generated by the electric power arrangement. The battery bank may supply
power to the equipment as required. Prior to commencing operations, if the battery bank
is charged and fuel to the power arrangement 300, the battery bank may act as a buffer

to complete a job. In some examples, when the battery bank is charged, the power
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arrangement 300 may bypass the battery bank, and the battery bank may act as a hub
to supply power to the hydraulic fracturing units 102 (and perhaps also the backside
equipment).

[0070] FIG. 13 is similar to FIG. 11 in that the battery bank 1306 is directly
connected to the hydraulic fracturing units 102 (and perhaps also the backside
equipment) by respective power cables 1102. FIG. 14 is similar to FIG. 12 in that the
system 1100 further includes the electric bus 1204 connecting the hydraulic fracturing
units (and perhaps also the backside equipment) to the battery bank. In FIGS. 13 and
14, the battery bank is configured to power the respective auxiliary equipment 220
across the plurality of hydraulic fracturing units 102. Even further, in some examples,
the battery bank is also connected to shore power from the external source of electric
power (e.g., utility power grid via connection to the data center 118), from which the
battery bank may also be chargeable and/or the respective auxiliary equipment may
also be powerable.

[0071] To further illustrate example implementations of the present disclosure,
FIG. 15 is a block diagram a particular electric power arrangement 1500 that in some
examples may correspond to electric power arrangement 400 shown in FIG. 4. As
shown, the electric power arrangement may include a diesel engine 1512 and an
electric generator 1514 to supply power to the system. In some examples, the diesel
engine is a 225 — 300 HP Caterpillar C7 (maximum power rating of 300 HP and a speed
between 1,800 to 2,200 RPM), a 335 - 456 BHP Caterpillar C9 (maximum power rating
of 456 HP and a speed between 1,800 to 2,200 RPM), or similar.

[0072] The diesel engine 1512 may be operatively coupled to the electric
generator 1514 to supply electrical power to multiple electric drivers that power one or
more auxiliary equipment such as cooling fans and lube oil pumps. Examples of a
suitable electric generator include a Caterpillar Model SR4 200KW, a Kato 200 KW
Model A250180000, and the like. In some examples, the electric generator may be

configured to provide 230/240-volt, 3-phase power or 460/480-volt, 3-phase power to
individual variable frequency drives (VFDs) 1504 to power various motors 1506 of the

auxiliary equipment.
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[0073] The VFD 1504 may include a full wave three-phase rectifier configured to
convert incoming three-phase AC voltage to a desired DC voltage through a plurality
(e.g., 9) of silicon controlled rectifiers (SCRs) or diodes. This DC voltage may then
power those of the motors 1506 that are DC motors. Alternatively, the generated
electrical current may be sent through an inverter at the prescribed voltage and
synthesized sine wave frequency such that the VFDs may selectively control the
operation of AC motors. This may be by the providing prescribed voltage and
synthesized sine wave frequency the VFD selectively controls the speed and direction
of the AC motors. In some examples, the VFDs may be configured to directly supply AC
power to the AC motors, thereby eliminating the use on an external inverter. One
example of a suitable VFD with connections to an AC motor is depicted in FIG. 16.
Examples of suitable VFDs include a Delta #CP 2000 VFD rated for 230 or 460 VAC,
max power 1 to 536 HP, a Danfoss #130B0888 FC301 460V 3-phase, A Danfoss Vacon
100X, and the like.
[0074] The VFDs 1504 may power the motors 1506 of various auxiliary
equipment 1620, the operation of each of which may add a load onto the electric power
arrangement 1500. Examples of various auxiliary equipment and respective
approximate loads include:

o lube oil pump to the gearbox (1 HP)

o cooling fan to gearbox lube oil pump (15 HP)

o lube oil pump to the power end (15 HP)

o cooling fan to the power end lube oil pump x 2 (15 HP each)

o cooling fan to the CAT C9 engine (10 HP)

o CAT C9 engine air cooling fan (10 HP)

o screw type air compressor to provide 150 pounds per square inch (PSI) air

for fuel equipment intensifier to amplify to > 200 PSI (7.5 HP) with air dryer
(0.75 HP)

o greaser equipment for the fracturing pump (0.25 HP)

o air intake blower fan motors x 2 (40 HP each)

o GTE controller (1 HP)
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o hydraulic starter pump equipment (60 HP)

o turbine lube cooling fan (4 HP)

o telescope exhaust winch x 2 (1 HP each)

o master PLC for VFD / electric generator (2 HP)

. Total 236.5 HP / 176 kW
Each auxiliary equipment may add a horsepower drag on the overall electric power
arrangement 1500, and this drag may depend on characteristics of the auxiliary
equipment.
[0075] As suggested above, in some examples, the electric power arrangement
1500 may be more efficient with finer control of cooling and lubrication through feedback
loops continuously monitored by processing circuitry such as a programmable logic
controller (PLC). Examples of suitable controllers include a Parker IQAN™ controller, a

Danfoss Plus+One® controller, or a custom process controller.
[0076] In some examples, the electric power arrangement 1500 may also be

powered by shore power 1516 through a separate connection to an external source of
electric power. If using shore power, a selectable switch may be configured to selectably
separate the electric generator 1514 from the shore power. In some examples, the
electric power arrangement may include or be connected to a battery bank 1518 that
may supply power in the case of diesel engine failure or shore power failure.
[0077] Further consider examples of the system 1100 in FIGS. 11-14 in which the
hydraulic fracturing units are connected to a power arrangement 300 configured to
power the respective auxiliary equipment 220 across hydraulic fracturing units 102. Also
consider a particular example in which the system includes seven hydraulic fracturing
units. Taking into account efficiency of the electric generator 1514 (commonly 80%), a
minimum of 300 HP may be distributed per hydraulic fracturing unit. The total demand of
the hydraulic fracturing units may depend on how many are rigged up. Further including
backside equipment, the electric generator may power the following with respective
approximate loads:

o hydraulic fracturing units (x7) = 1655.5 HP

o chemical unit = 107 HP
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o hydration unit = 665 HP
o sand tanks = 750 HP

o blender = 1433 HP

o data center = 500 HP

The total horsepower supplied may be approximately 5110 HP (3806 kW). In the case of
an electric generator 1514 driven by a GTE, one example of a suitable GTE is a Vericor

TF50 turbine with a rated to 5600 HP (4200 kW).
[0078] FIG. 17 is a block diagram a particular hydraulic power arrangement 1700
that in some examples may correspond to hydraulic power arrangement 800 shown in
FIG. 5. As shown, the hydraulic power arrangement includes an electric motor 1710
such as a 300 HP electric motor coupled to a module hydraulic pump drive 1714 with
multiple (e.g., four) output gear shafts. The number of module hydraulic pump drives
and output gear shafts may be varied to suit a particular application. Examples of a
suitable electric motor include a Grainger 300 HP fire pump motor (460 V, 3-phase,
1780 RPM), a Baldor 300 HP motor (460 V, 3-phase, 1780 RPM), or the like. One
example of a suitable module hydraulic pump drive is a Durst hydraulic pump drive
gearbox #4PDO08.
[0079] The module hydraulic pump drive 1714 may power auxiliary equipment
1720 though motors and hydraulic pumps 1712, which may be coupled to the module
hydraulic pump drive individually or in tandem. In this regard, the hydraulic pumps may
be configured to supply hydraulic fluid to corresponding hydraulic motors of various
auxiliary equipment. These again may power auxiliary equipment such as cooling fans
and lube oil pumps. Examples of various auxiliary equipment and respective
approximate loads include:

o lube oil pump to the gearbox (1 HP)

o cooling fan to gearbox lube oil pump (8 HP)

o lube oil pump to the power end low pressure (11 HP)

o lube oil pump to the power end high pressure (18 HP)

o cooling fan to the power end lube oil pump (40 HP)
o greaser equipment for the fracturing pump (1 HP)
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o Turbine Fuel Pump (1.5 HP)

o Turbine Washing System (1 HP)

o Turbine/Gearbox/Hydraulic Cooler Fan (40 HP)

o Air exchange Fans (10 HP)

o Hydraulic Pump for Turbine Starter, Lid openings, Compressor etc (70HP)

. Total 201 HP / 150.37 kW
[0080] This hydraulic power arrangement 1700 does not rely on a diesel engine
but instead an electric motor that may operate off shore power from an external source
of electric power that may supply power to multiple units on a jobsite, thereby
eliminating at least several components that may be required for a diesel engine (e.g., a
fuel pump, an air compressor, an engine cooling fan).
[0081] FIG. 18 is a block diagram another particular power arrangement 1800
that may be connected to a powertrain 1802 that corresponds to powertrain 208. As
shown, the powertrain includes a housing with a GTE 1810 coupled to a turbine
gearbox 1816 (reduction transmission) connected to a drive shaft 1818, which, in turn,
may be connected to the pump such as via an input shaft or input flange of the pump.
The hydraulic power source includes a plurality of PTOs 1804 connected to the turbine
gearbox, and at least one of the PTOs may be connected to an alternator 1806 or other
electric generator. The alternator may be configured to generate electric power from
which auxiliary equipment may be powered, and any unused electric power may be

feedback to an external source such as the utility power grid.
[0082] In some examples, the alternator 1806 may be engaged with or

disengaged from the PTO 1804 via a hydraulic or pneumatic clutch to allow the GTE
1814 to direct more power through the drivetrain and into the pump if needed. When
disengaged from the PTO, the auxiliary equipment may be powered from shore power
connections and other generated grid power. When the alternator is engaged with the
PTO, as well as feeding auxiliary equipment such as cooling fans and compressors, an
uninterrupted power source (UPS) 1808 may be constantly charged during pumping
operations. This UPS may be used to solely drive a hydraulic pump that will be used to

start the GTE by feeding hydraulic power to the motor starter.
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[0083] An active front end (AFE) 1810 may be placed on the two outputs of the
alternator 1806 to change AC voltage to DC. FIG. 19 illustrates one example of a
suitable AFE. As shown, the AFE may include IBGTs (insulated bipolar gate resistors),
which may ensue that harmonics and other power sent through the AFE are dampened
and power efficiency is increased. As well as treating alternator power, another AFE
may also treat raw shore power coming into the grid in the same way.

[0084] FIG. 20 is a flowchart illustrating various operations in a method 2000 of
fracturing a well, according to various example implementations. The method includes
arranging one or more hydraulic fracturing units 102, 702, as shown at block 2002.
Each hydraulic fracturing unit includes a reciprocating plunger pump 206 configured to
pump a fracturing fluid, a powertrain 208 configured to power the reciprocating plunger
pump, and auxiliary equipment 220 driven to support operation of the hydraulic
fracturing unit including the reciprocating plunger pump and the powertrain. The method
includes arranging one or more electric power arrangements 400 to power the auxiliary
equipment, as shown at block 2004. And the method includes operating the powertrain
to power the reciprocating plunger pump to pump the fracturing fluid, and the electric
power arrangement to power the auxiliary equipment, as shown at block 2006.

[0085] FIG. 21 is a flowchart illustrating various operations in a method 2100 of
fracturing a well, according to various other example implementations. The method
includes arranging one or more hydraulic fracturing units 102, 702, as shown at block
2102. Each hydraulic fracturing unit includes a reciprocating plunger pump 206
configured to pump a fracturing fluid, a powertrain 208 configured to power the
reciprocating plunger pump, and auxiliary equipment 220 driven to support operation of
the hydraulic fracturing unit including the reciprocating plunger pump and the
powertrain. The method includes arranging one or more hydraulic power arrangements
500, 600 to power the auxiliary equipment, as shown at block 2104. And the method
includes operating the powertrain to power the reciprocating plunger pump to pump the

fracturing fluid, and the hydraulic power arrangement to power the auxiliary equipment,
as shown at block 2106.
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[0086] As described above and reiterated below with further example
implementation details, various example implementations are disclosed herein that
provide power arrangements and methods for powering of auxiliary equipment onboard
a hydraulic fracturing unit such as a DDT hydraulic fracturing unit or trailer. The auxiliary
equipment include, for example, cooling of process fluids through heat exchangers,
pumping equipment, compressor units, winches and linear actuators, electrical control
equipment, heats/coolers and hydraulic equipment. The power arrangements of
example implementations may be configurable and may be adjusted to suit the needs of
each individual scenario and situation.

[0087] Some example implementations of a power arrangement include an
engine or prime mover onboard the gooseneck area of a GTE-driven hydraulic
fracturing unit. The engine / prime mover may be connected to an electric power
generator such as a PM motor or a hydraulic pump drive with one or more pumps.
[0088] Some example implementations include a diesel reciprocating engine
onboard the GTE-driven hydraulic fracturing unit, and other example implementations
includes an electric motor in place of the diesel engine. The location of the engine /
motor may be the gooseneck area of a trailer, but the design of the trailer may permit
installation of the engine / motor on the rear axles of the trailer.

[0089] In examples including the diesel engine, it may be equipped with
supporting equipment such as fuel reservoirs, coolant reservoirs, battery banks, diesel
exhaust fluid tanks and cooling fans. The cooling fan on the diesel engine may be
supplied by the engine manufacturer and mounted from a PTO located on the engine or
it may be made external and powered from the hydraulic power network coming from
the hydraulic pump drive. In another implementation, the diesel engine may be replaced
with an electric motor that when installed is accompanied by electric switch gear that
houses overload protection as well as a form of isolating the electric motor. Directly
mounted from the diesel engine may be the hydraulic pump drive, which may be
connected to the electric motor in another implementation.

[0090] The hydraulic pump drive may have a female spur shaft connection that is

installed onto the diesel engine or electric motor, and the two components may be
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secured via a bell housing that connects a face of the engine/motor to a face of the
hydraulic pump drive. Once installed the hydraulic pump drive may be configured to
house up to four pumps but will be rated by the total amount of horse power and torque
it may yield at each output gear. Depending on the application, the use of a large
displacement single pump directly coupled to the diesel engine may be beneficial. But
there may be equal portion of components over the trailer that are operating at different
pressures, such as a compressor and fans that operate at a flow that will generate 2000
PSI, and the pumps may operate at 3000 PSI at rated flow. Therefore, a variable
displacement hydraulic pump with a compensator setting of 2000 PSI, and another
pump with a compensator setting of 3000 PSI, may meet pressure requirements of each
circuit bearing in mind that the output flow rate of each pumps should meet the flow
demand from all components.

[0091] Depending on the configuration of pumps there may be multiple hydraulic
reservoirs installed on the hydraulic fracturing unit that would allow for each individual
pump installed on the hydraulic pump drive to draw fluid from. This may mean that a
pump with a greater suction vacuum would not take away fluid from a pump with a small
displacement therefore a smaller suction pressure. Alternatively pump suction lines may
be positioned in a way this does not happen, but the size of the reservoir and mounting
location of the reservoir dictate this. The space taken up by the hydraulic reservoir may
depend on flow demand within the auxiliary equipment. The dwell time for fluid may be
greater in the individual or group of reservoirs due to the hydraulic power network being
open circuit, meaning that the displaced fluid from the pump may go to the desired
component and then return to tank opposed to returning to the pumps suction side.
[0092] The hydraulic power network coming from the hydraulic pump drive may
be equipped with filtration in the form of single or double housings that ensure fluid
cleanliness is maintained to the best industry standard that is usually dictated by the
International Organization for Standardization (ISO) fluid cleanliness classification.
[0093] A diesel engine directly coupled to a hydraulic pump drive that is installed

with hydraulic pumps may allow for great versatility. The adjustment of pump pressure
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and flow settings may allow the pumps to operate at their maximum efficiency while still
ensuring they meet the power demands of the auxiliary equipment.

[0094] Working in conjunction with the hydraulic pumps may be hydraulic
directional control valves that isolate fluid going to individual circuits, and when
actuated, allow a valve spool to shift and direct flow through the ports. In the case of
hydraulic motors driving fluid pumps and fans, these components may be controlled to
operate in a single direction to avoid damage to pumps and mis-operation of fans. This
may be done by selecting a directional control valve with a closed center and two
positions.

[0095] In a de-energized state there may be no flow through the valve, resulting
in the pump swash plate to move to the neutral position and stop displacing fluid. When
operated via an electric signal energizing the solenoid from an electric control system,
or commonly referred to as a supervisory control system (SCS), flow may be allowed to
pass through the control valve to the designated auxiliary equipment that may operate a
hydraulic motor. Return fluid may also be plumbed back to the hydraulic control valve
and passed to a return line where it may be diverted back to the hydraulic reservoir. The
control valves may be installed in multiple valves assemblies, commonly referred to as a
“‘valve bank.”

[0096] Another part of the hydraulic power arrangement may be cooling circuits.
The operation of hydraulic power networks may generate heat as the fluid flowing
through different orifices, and the resulting pressure drop yields heat into the fluid that
may not only degrade fluid lubrication properties but also cause problems to the
components being operated with the fluid. To mitigate this, hydraulic cooling circuits
may be installed that are activated by thermostatic control valves. When the fluid gets
too hot, the valve may open and diverts fluid though a fan driven heat exchanger
ensuring that its cooled prior to returning to the reservoir and being introduced back into
the hydraulic power network.

[0097] The diesel engine and hydraulic package may be configured to easily fit
onto the gooseneck of a standard hydraulic fracturing unit while still ensuring space for

additional components such as reservoirs, heat exchangers and compressors.
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Hydraulic pumps installed from the hydraulic pump drive or directly from the engine are
often very versatile. Ensuring that the flow requirements may be met, the pumps
pressure compensator setting, as well as the introduction of load sensing, may ensure
that only the required amount of power is drawn from the hydraulic pump. This may
mean that the engine is operated at the power required, and that wasted energy and
fuel is eradicated, thereby improving efficiency.

[0098] The complexity of an individual hydraulic power network is not high, and
the introduction of a hydraulic pump drive with multiple individual network branches may
still maintain a simple approach without the need to interface all pumps into a single
common pressure line. The versatility of adding hydraulic pump drives with different
output gears while still maintaining the same circuitry in place may be a benefit of a
driven hydraulic network branch and allow for expansion in circuitry without the need to
perform complex adjustments.

[0099] Operation of a circuit during hydraulic fracturing may be as follows. The
SCS may operate from a battery storage device, which may be charged from an
alternator or shore power provided to the implementation inclusive of an electric motor
driving the hydraulic power network. The SCS may interface with the diesel engine
through the engines electric control module (ECM), and from this, the engine may be
given start, stop or throttle commands. Engine equipment information may also be sent
through J1939 communication protocol.

[0100] During startup of the hydraulic fracturing unit, the diesel engine may be
sent a start command and reach idle speed; or in another example implementation,
electric power brought onboard may enter a VFD. The SCS may send a digital output to
the drive to start up. In addition to that digital signal, an analog signal in the state of 4-
20mA or 0-10V may be used to control the speed. The SCS may command the prime
mover on the diesel engine to then go to a run speed which is typically 1900 RPM for
most systems but could be as high as 2100 or as low as 1700 RPM. This speed may
allow the hydraulic power source to operate at maximum power output and begin

supplying flow into the hydraulic power network. The directional control valves may then
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be operated in a sequence ensuring that all pre-conditions are met before bringing the
turbine engine online.

[0101] When the fuel and lubrication pumps are operating within the correct
parameters, the GTE start motor may be operated. This axial motor may be installed on
a gearbox or other transmission toward a cold end of the turbine engine, and it may
receive hydraulic flow. When the GTE reaches an idle speed, a sprag clutch in the
turbine starter motor assembly may disengage, allowing combustion within the turbine
combustion chamber to maintain the turbine speed. Upon reaching the idle speed, a
signal may be removed from the hydraulic control valves to halt fluid to the starter
motor. The hydraulic power arrangement may then operate the turbine engine and
pump auxiliary equipment to distribute hydraulic flow through the control valves as per
logic programmed into the SCS. As with startup of the diesel engine or operation of the
electric motor, the SCS may be responsible for sending shutdown signals to either the
diesel engine’s ECM or electric motor frequency drive.

[0102] In other example implementations, the hydraulic power arrangement may
be replaced with an electric motor such as a PM motor that is directly coupled to the
engine output shaft and connected to the engine housing via a bell housing adapter.
However, a splined coupling may interface the two shafts, and a coupling may connect
these splined adapters together. The PM motor may operate at an optimal speed of
1900 RPM to generate 500 VAC power. At this speed and power generation, an electric
generator may vyield a power factor of 0.93 making the generator highly efficient.

[0103] The electric generator may also include a cooling circuit that is operable
between 5-10 gallons per minute (GPM) and acts as a heat exchanger through the
generator ensuring that the temperature on the generator winding does not exceed 175
degrees Celsius. A small pump to circulate this fluid may be first driven from battery
storage device until the electric generator comes online and begins to re-charge the
battery storage device and then power its own cooling pump.

[0104] Coming from the generator may be the electric conditioning station that
may also be located on the gooseneck in a water and dust proof IP66 enclosure. A

cable carrying three-phase power may enter the enclosure into a main isolation breaker
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with overload protection, and from this, the power cable may be run into an AFE drive
that may condition the signal into a DC voltage. Control of this AFE may be through the
SCS, and communication may be carried out via modbus protocol. Downstream of the
AFE may be a main DC bus bar that may hold the electric potential to distribute power
to each individual control circuit around the hydraulic fracturing unit.

[0105] From the bus bar there may be an individual circuit protection breaker for
each control circuit that may be equipped with overload protection. In the event the
current drawn from the motor in the control circuit is too great, the overload protection
may trip the breaker resulting in power loss to that circuit and protection of all
components in that circuit. From these individual circuit breakers, armored and shielded
cables may then leave the enclosure through bulkhead connections equipped with
explosion proof glands and assembly methods that ensure the integrity of the main
switch gear assembly may be protected from potentially combustible gases. The cables
may be secured in a cable tray that may then run to areas in which the electric motors
may be in place.

[0106] Prior to terminating the electric supply cables to the motor, the cables
may first be terminated to an inverter drive that may convert the DC voltage into an AC
voltage. The benefit of this may be the ease of sourcing AC electric motors and their
lower capital costs. The inverter may condition the power coming in and leaving the
drive. The inverter may also allow for proportional speed control of the motor and soft
start functioning of the motor to reduce a current rush into the motor potentially tripping
any circuit overload protection in the drive or back at the main isolator coming from the
common bus bar.

[0107] The electric motors connected to the electric drives may be used in place
of hydraulic motors as detailed in other example implementation but may still be fluidly
connected to the driven equipment such as pumps, fans, compressors with the use of
couplings and bell housing adapters. Other driven equipment may be driven with the
use of electric motors and are contemplated herein.

[0108] A method of operation of the power arrangement of some examples may

be as follows. The engine may be brought online in a similar manor to the previously
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described implementation in which the SCS may send a start signal to the diesel engine
ECM via J1939 communication protocol. The engine may be brought online to a speed
of 1900RPM, at which point the electric generator may be producing 500VAC electric
power with the electric potential of up to 223KW.

[0109] The alternating current power form the electric generator may enter the
electric conditioning assembly including the main isolator and the AFE rectifier that may
convert the power to DC and distribute it over the electric bus bar. Current may be then
able to flow into the main isolator for each electric circuit. The current may then flow
around the hydraulic fracturing unit via the correctly sizes armor shielded electric cable
into the inverter drive. The inverters may be networked and communicated with from the
SCS. The SCS may function the inverter drive and alter the frequency in which the
IBGTs of the AFE sequence, which may result in the frequency leaving the drive to the
motor to be controlled, and thereby controlling the speed of which the motors turns.
[0110] The power arrangement of these example implementations may allow for
very accurate control of the individual circuitry. The analog signals to the drives may
ensure that the frequency provided to the electric motors allows for exact RPMs to be
met within 5-10 RPM tolerance. Electric motors may also provide a robust option for
driving pumps and other auxiliary equipment. The lack of potential fluid contamination or
fluid degradation usually allows these motors to stay in service longer ensuring that load
bearings are greased and correct mounting of the motor may be performed. This
implementation to drive auxiliary equipment of the hydraulic fracturing unit with electric
motors may also provide benefit from lack of fluid travelling the entirety of the hydraulic
fracturing unit, which may be susceptible to pressure drops and leaks.

[0111] As previously mentioned, the ability to share generated power may be a
benefit of the diesel engine and generator set up. For example, if ten hydraulic
fracturing units are on location, and each generator produces more power than may be
required on the individual hydraulic fracturing unit, a shared power configuration could
see a portion of the ten hydraulic fracturing unit gen-sets taken offline and the
remainder of the hydraulic fracturing units providing all hydraulic fracturing units with the

total amount of electric energy required.
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[0112] Another example implementation of a method to power auxiliary
equipment onboard hydraulic fracturing units may utilize the GTE transmission and
include PTOs on the transmission to power a smaller electric generator and a single
multistage pump. In some of these examples, a transmission such as a gearbox with a
single input and output shaft may be modified to account for two additional PTOs
positioned either side of the main output shaft or flange. These PTOs may be equipped
with clutches that may be operated either pneumatically or hydraulically (or electrically
in other example implementations).

[0113] As well as the installation of the transmission with the PTOs, additional
equipment may be installed onto the GTE-driven hydraulic fracturing unit to ensure that
a controlled startup may be performed to get to a point where it may be self-sustained
from its own operation. Taking this into account, a battery bank with one or more high-
powered lithium ion batteries may be used to provide the starting power for onboard
auxiliary equipment such as lube and fuel pumps as well as powering the electric motor
that may be coupled to the GTE starter gear. Once the GTE is at running speed and
there is motion at the output shaft, the clutches may be engaged to allow for the pumps
and electric generator to receive torque and motion from the transmission and start to
displace fluid and generate power.

[0114] A single pump may address the needs of the reciprocating fracturing
pump, and the single pump be a multistage pump that allows fluid to enter both low and
high pressure sides of the pump. In other example implementations, the electric
generator installed onto the diesel engine may supply enough power to all of the
onboard auxiliary equipment. This may be not feasible when using a PTO from the
transmission due to the footprint available and the large cantilever loading from the
transmission as it may already support the mass of the GTE. Therefore, by taking away
the reciprocating pump lube power requirements from the total KW load, there may or
may not be use of a smaller generator capable of driving small motors coupled to fans
that could range from 1 to 5 HP, as well as low pressure low flow fuel pumps and

transmission lube pumps.

31

Date Recgue/Date Received 2020-09-10



[0115] As in other implementations, the SCS may be powered from a separate
battery bank but may still allow for generated power to replenish the battery charge
when operational. The remaining auxiliary equipment to be powered from the smaller
generator coupled to the transmission may follow the same assembly methodology as
stated above with respect to an earlier example implementation.

[0116] According to these more recently-described example implementations, a
method of operation may be as follows. The SCS may be online and command the
GTE’s primary auxiliary equipment to come online, which may result in fuel pumps and
lube pumps to start. The GTE starter motor may then be functioned, allowing the GTE
to reach an idle speed, after which the electric motor coupled to the starter gear may be
disengaged and its power may be isolated. Once the power output shaft is functioned,
and the GTE torque and power are transferred to the transmission, the clutches may be
operated allowing the multistage pump and electric generator to be engaged and start
rotating. The power from the electric generator may be then converted to DC through an
AFE rectifier as described above, and distributed over a common DC bus. The power
may be then distributed over the hydraulic fracturing unit and sent to drives that are
controlling the speed of electric motors.

[0117] Many modifications and other implementations of the disclosure will come
to mind to one skilled in the art to which this disclosure pertains having the benefit of the
teachings presented in the foregoing descriptions and the associated figures. Therefore,
it is to be understood that the disclosure is not to be limited to the specific
implementations disclosed herein and that modifications and other implementations are
intended to be included within the scope of the appended claims. Although specific
terms are employed herein, they are used in a generic and descriptive sense only and

not for purposes of limitation.
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WHAT IS CLAIMED IS:

1. A system for fracturing a well, the system comprising:
one or more hydraulic fracturing units, each hydraulic fracturing unit comprising:

a chassis;

a reciprocating plunger pump connected to the chassis and configured to
pump a fracturing fluid;

a powertrain connected to the chassis and configured to power the
reciprocating plunger pump, the powertrain including a direct drive gas turbine
engine and a drivetrain, the direct drive gas turbine engine operable using of two
or more different types of fuel; and

auxiliary equipment located onboard the chassis, the auxiliary equipment
driven by electric motors to support operation of the hydraulic fracturing unit
including the reciprocating plunger pump and the powertrain; and
one or more electric power arrangements configured to power the auxiliary

equipment, each electric power arrangement comprising:

an engine-generator set configured to generate electric power; and

an electric power network coupled to the engine-generator set and the
electric motors, and coupled or coupleable to a utility power grid, a battery bank
or a second engine-generator set of a neighboring hydraulic fracturing unit, the
electric power network configured to deliver the electric power generated by the
engine-generator set to the electric motors to drive the auxiliary equipment, and
switchably connect the utility power grid, the battery bank or the second engine-
generator set to deliver power to the electric motors responsive to a failure or

fault of the engine-generator set.

2. The system of claim 1, wherein the engine-generator set includes a diesel engine
and an electric motor generator, the diesel engine configured to drive the electric motor

generator to generate the electric power.
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3. The system of claim 1, wherein the engine-generator set includes a gas turbine
engine and an electric generator, the gas turbine engine configured to drive the electric

generator to generate the electric power.

4. The system of claim 1, wherein the electric power arrangement further comprises
a connection to the utility power grid, and the electric power network is configured to
switchably connect the utility power grid to deliver power to the electric motors

responsive to the failure or fault of the engine-generator set.

5. The system of claim 1, wherein the electric power arrangement further comprises
the battery bank that is chargeable from the power generated by the engine-generator
set, and the electric power network is configured to switchably connect the battery bank
to deliver power to the electric motors responsive to the failure or fault of the engine-
generator set.

6. The system of claim 1, wherein the electric power arrangement further comprises
a connection to the second engine-generator set of the neighboring hydraulic fracturing
unit, and the electric power network is configured to switchably connect the second
engine-generator set to deliver power to the electric motors responsive to the failure or

fault of the engine-generator set.

7. The system of claim 1, wherein the one or more hydraulic fracturing units are a
plurality of hydraulic fracturing units, and the one or more electric power arrangements
are a plurality of electric power arrangements each of which is connected to the chassis

of a respective one of the plurality of hydraulic fracturing units.

8. The system of claim 7, wherein plurality of hydraulic fracturing units includes the
hydraulic fracturing unit and the neighboring hydraulic fracturing unit, and the electric
power arrangement of the hydraulic fracturing unit is connected to the second engine-
generator set of the neighboring hydraulic fracturing unit, and
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wherein the electric power network is configured to switchably connect the
second engine-generator set to deliver power to the electric motors of the hydraulic
fracturing unit responsive to the failure or fault of the engine-generator set of the
hydraulic fracturing unit.

9. The system of claim 7 further comprising the battery bank that is connected to
the plurality of electric power arrangements that include respective engine-generator
sets configured to generate electric power from which the battery bank is chargeable,
and

wherein the electric power network of the hydraulic fracturing unit is configured to
switchably connect the battery bank to deliver power to the electric motors of the
hydraulic fracturing unit responsive to the failure or fault of the engine-generator set of
the hydraulic fracturing unit.

10. The system of claim 9, wherein the battery bank is also connected to the utility
power grid, and the electric power arrangement is connected to the utility power grid via
the battery bank.

11.  The system of claim 9 further comprising:

a manifold connected to respective reciprocating plunger pumps of the plurality of
hydraulic fracturing units, the manifold configured to deliver the fracturing fluid from the
respective reciprocating plunger pumps to the well; and

an electric bus affixed to the manifold and connecting the plurality of electric

power arrangements to the battery bank.
12.  The system of claim 1, wherein the one or more hydraulic fracturing units are a
plurality of hydraulic fracturing units, and the one or more electric power arrangements

include the electric power arrangement that is configured to power the auxiliary

equipment across the plurality of hydraulic fracturing units.
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13.  The system of claim 12 further comprising the battery bank that is connected to
the electric power arrangement that includes the engine-generator set configured to
generate electric power from which the battery bank is chargeable, and

wherein the electric power network is configured to switchably connect the
battery bank to deliver power to the electric motors of the hydraulic fracturing unit
responsive to the failure or fault of the engine-generator set of the hydraulic fracturing

unit.

14.  The system of claim 12, wherein the electric power arrangement further
comprises a connection to the utility power grid, and the electric power network is
configured to switchably connect the utility power grid to deliver power to the electric
motors of the hydraulic fracturing unit responsive to the failure or fault of the engine-
generator set of the hydraulic fracturing unit.

15.  The system of claim 12 further comprising:

a manifold connected to respective reciprocating plunger pumps of the plurality of
hydraulic fracturing units, the manifold configured to deliver the fracturing fluid from the
respective reciprocating plunger pumps to the well; and

an electric bus affixed to the manifold and connecting the plurality of hydraulic
fracturing units to the electric power arrangement.

16. A system for fracturing a well, the system comprising:
one or more hydraulic fracturing units, each hydraulic fracturing unit comprising:

a chassis;

a reciprocating plunger pump connected to the chassis and configured to
pump a fracturing fluid;

a powertrain connected to the chassis and configured to power the
reciprocating plunger pump, the powertrain including a direct drive gas turbine
engine and a drivetrain, the direct drive gas turbine engine operable using of two
or more different types of fuel; and
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auxiliary equipment located onboard the chassis, the auxiliary equipment
driven by hydraulic motors to support operation of the hydraulic fracturing unit
including the reciprocating plunger pump and the powertrain; and
one or more hydraulic power arrangements configured to power the auxiliary

equipment, each hydraulic power arrangement comprising:

a hydraulic power source including an electric motor configured to drive a
plurality of pumps via a hydraulic pump drive to generate hydraulic power, the
electric motor powered by shore power from an external source of electric power;,
and

a hydraulic power network coupled to the hydraulic power source and the
hydraulic motors, the hydraulic power network configured to deliver the hydraulic
power generated by the hydraulic power source to the hydraulic motors to drive

the auxiliary equipment.

17.  The system of claim 16, wherein the one or more hydraulic fracturing units are a
plurality of hydraulic fracturing units, and the one or more hydraulic power arrangements
are a plurality of hydraulic power arrangements each of which is connected to the
chassis of a respective one of the plurality of hydraulic fracturing units.

18. The system of claim 17, wherein the electric motor of the hydraulic power source
is powered by shore power from an external source of electric power that is connected
to respective hydraulic power sources of the plurality of hydraulic fracturing units.

19. A method of fracturing a well, the method comprising:
arranging one or more hydraulic fracturing units, each hydraulic fracturing unit
comprising:
a chassis;
a reciprocating plunger pump connected to the chassis and configured to

pump a fracturing fluid,;
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a powertrain connected to the chassis and configured to power the
reciprocating plunger pump, the powertrain including a direct drive gas turbine
engine and a drivetrain, the direct drive gas turbine engine operable using of two
or more different types of fuel; and

auxiliary equipment located onboard the chassis, the auxiliary equipment
driven by electric motors to support operation of the hydraulic fracturing unit
including the reciprocating plunger pump and the powertrain;
arranging one or more electric power arrangements to power the auxiliary

equipment, each electric power arrangement comprising:

an engine-generator set configured to generate electric power; and

an electric power network coupled to the engine-generator set and the
electric motors, and coupled or coupleable to a utility power grid, a battery bank
or a second engine-generator set of a neighboring hydraulic fracturing unit, the
electric power network configured to deliver the electric power generated by the
engine-generator set to the electric motors to drive the auxiliary equipment, and
switchably connect the utility power grid, the battery bank or the second engine-
generator set to deliver power to the electric motors responsive to a failure or
fault of the engine-generator set; and
operating the powertrain to power the reciprocating plunger pump to pump the

fracturing fluid, and the electric power arrangement to power the auxiliary equipment.

20. The method of claim 19, wherein the engine-generator set includes a diesel
engine and an electric motor generator, and operating the electric power arrangement
includes the diesel engine driving the electric motor generator to generate the electric

power.

21. The method of claim 19, wherein the engine-generator set includes a gas turbine
engine and an electric generator, and operating the electric power arrangement
includes the gas turbine engine driving the electric generator to generate the electric

power.
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22. The method of claim 19, wherein the electric power arrangement further
comprises a connection to the utility power grid, and operating the electric power
arrangement includes the electric power network switchably connecting the utility power
grid to deliver power to the electric motors responsive to the failure or fault of the
engine-generator set.

23. The method of claim 19, wherein the electric power arrangement further
comprises the battery bank that is chargeable from the power generated by the engine-
generator set, and operating the electric power arrangement includes switchably
connecting the battery bank to deliver power to the electric motors responsive to the
failure or fault of the engine-generator set.

24. The method of claim 19, wherein the electric power arrangement further
comprises a connection to the second engine-generator set of the neighboring hydraulic
fracturing unit, and operating the electric power arrangement includes switchably
connecting the second engine-generator set to deliver power to the electric motors

responsive to the failure or fault of the engine-generator set.

25. The method of claim 19, wherein arranging the one or more hydraulic fracturing
units, and arranging the one or more electric power arrangements, includes arranging a
plurality of hydraulic fracturing units and a plurality of electric power arrangements each
of which is connected to the chassis of a respective one of the plurality of hydraulic

fracturing units.

26. The method of claim 19, wherein arranging the one or more hydraulic fracturing
units includes arranging a plurality of hydraulic fracturing units, and arranging the one or
more electric power arrangements includes connecting the plurality of hydraulic
fracturing units to the electric power arrangement to power the auxiliary equipment
across the plurality of hydraulic fracturing units.

39

Date Recue/Date Received 2023-02-07



27. A method for fracturing a well, the method comprising:
arranging one or more hydraulic fracturing units, each hydraulic fracturing unit
comprising:

a chassis;

a reciprocating plunger pump connected to the chassis and configured to
pump a fracturing fluid;

a powertrain connected to the chassis and configured to power the
reciprocating plunger pump, the powertrain including a direct drive gas turbine
engine and a drivetrain, the direct drive gas turbine engine operable using of two
or more different types of fuel; and

auxiliary equipment located onboard the chassis, the auxiliary equipment
driven by hydraulic motors to support operation of the hydraulic fracturing unit
including the reciprocating plunger pump and the powertrain;
arranging one or more hydraulic power arrangements power the auxiliary

equipment, each hydraulic power arrangement comprising:

a hydraulic power source including an electric motor configured to drive a
plurality of pumps via a hydraulic pump drive to generate hydraulic power, the
electric motor powered by shore power from an external source of electric power;,
and

a hydraulic power network coupled to the hydraulic power source and the
hydraulic motors, the hydraulic power network configured to deliver the hydraulic
power generated by the hydraulic power source to the hydraulic motors to drive
the auxiliary equipment; and
operating the powertrain to power the reciprocating plunger pump to pump the

fracturing fluid, and the hydraulic power arrangement to power the auxiliary equipment.

28. The method of claim 27, wherein arranging the one or more hydraulic fracturing
units, and arranging the one or more hydraulic power arrangements, includes arranging
a plurality of hydraulic fracturing units and a plurality of hydraulic power arrangements
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each of which is connected to the chassis of a respective one of the plurality of

hydraulic fracturing units.

29. The method of claim 28, wherein operating the hydraulic power arrangement
includes powering the electric motor of the hydraulic power source by shore power from
an external source of electric power that is connected to respective hydraulic power

sources of the plurality of hydraulic fracturing units.

30. A system for fracturing a well, the system comprising:
one or more hydraulic fracturing units, each of the one or more hydraulic
fracturing units comprising:
a chassis;
a reciprocating plunger pump connected to the chassis and configured to
pump a fracturing fluid;
a powertrain connected to the chassis and configured to power the
reciprocating plunger pump, the powertrain including a direct drive gas turbine
engine and a drivetrain, the direct drive gas turbine engine operable by use of
two or more different types of fuel; and
auxiliary equipment located onboard the chassis, the auxiliary equipment
driven by one or more electric motors to support operation of the hydraulic
fracturing unit including the reciprocating plunger pump and the powertrain;
one or more electric power arrangements configured to power the auxiliary
equipment of each of the one or more hydraulic fracturing units, each electric power
arrangement of the one or more electric power arrangements comprising an engine-
generator set configured to generate electric power,

an electric power network configured to deliver electric power generated by the
engine-generator set of at least one electric power arrangement of the one or more
electric power arrangements to the one or more electric motors of at least one hydraulic
fracturing unit of the one or more hydraulic fracturing units, the electric power network
being coupled to the engine-generator set of the at least one electric power
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arrangement and the one or more electric motors of the at least one hydraulic fracturing
unit, the electric power network being switchably connectable to a utility power grid, a
battery bank, or another engine-generator set and being configured to deliver electric
power generated by the engine-generator set of the at least one electric power
arrangement to the one or more electric motors of the at one least hydraulic fracturing
unit to drive the auxiliary equipment of the at least one hydraulic fracturing unit and to
be switchably connected to the utility power grid, the battery bank, or the another
engine-generator set to deliver power to the one or more electric motors of the at least
one hydraulic fracturing unit responsive to a failure or fault of the engine-generator set
of the at least one electric power arrangement; and

a manifold connected to each reciprocating plunger pump of the one or more
hydraulic fracturing units, the manifold configured to deliver fracturing fluid from the
reciprocating plunger pump to the well, and wherein the electric power network
comprises electric buses affixed to the manifold and connecting the one or more
hydraulic fracturing units to the one or more electric power arrangements to power the

one or more hydraulic fracturing units.

31.  The system of claim 30, wherein each engine-generator set includes a diesel
engine and an electric motor generator, the diesel engine configured to drive the electric

motor generator to generate the electric power.

32. The system of claim 30, wherein each engine-generator set includes a gas
turbine engine and an electric generator, the gas turbine engine configured to drive the

electric generator to generate the electric power.
33. The system of claim 30, wherein the one or more electric power arrangements
further comprises a connection to the utility power grid, and the electric power network

is configured to switchably connect the utility power grid to the one or more electric

motors of the at least one hydraulic fracturing unit to deliver power to the one or more
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electric motors of the at least one hydraulic fracturing unit responsive to the failure or

fault of the engine-generator set of the at least one electric power arrangement.

34. The system of claim 30, wherein the battery bank is chargeable from power
generated by the engine-generator set of the one or more electric power arrangements,
and wherein the electric power network is configured to switchably connect the battery
bank to the one or more electric motors of the at least one hydraulic fracturing unit to
deliver power to the one or more electric motors of the at least one hydraulic fracturing
unit responsive to the failure or fault of the engine-generator set of the at least one

electric power arrangement.

35. The system of claim 30, wherein the one or more electric power arrangements
further comprises a connection to a second engine-generator set of the one or more
electric power arrangements, and the electric power network is configured to switchably
connect the second engine-generator set to the one or more electric motors of the at
least one hydraulic fracturing unit to deliver power to the one or more electric motors of
the at least one hydraulic fracturing unit responsive to the failure or fault of the engine-

generator set of the at least one electric power arrangement.

36. The system of claim 30, wherein the one or more electric power arrangements
include a plurality of electric power arrangements, each of the plurality of electric power
arrangements being connected to a chassis of a respective one of the one or more

hydraulic fracturing units.

37. The system of claim 36, wherein the plurality of electric power arrangements are
connected to another, and

wherein the electric power network is configured to switchably connect the
engine-generator set of another of the plurality of electric power arrangements to the
one or more electric motors of the at least one hydraulic fracturing unit to deliver power
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to the one or more electric motors of the at least one hydraulic fracturing unit responsive
to the failure or fault of the engine-generator set of the at least one electric power

arrangement.

38. The system of claim 36, further comprising the battery bank connected to the
plurality of electric power arrangements, each engine-generator set configured to
generate electric power from which the battery bank is chargeable, and

wherein the electric power network is configured to switchably connect the
battery bank to the one or more electric motors of at least one hydraulic fracturing unit
to deliver power to the one or more electric motors of the at least one hydraulic
fracturing unit responsive to the failure or fault of the engine-generator set of the at least
one electric power arrangement.

39. The system of claim 38, wherein the battery bank is configured to be connected
to the utility power grid, and the plurality of electric power arrangements are switchably

connectable to the utility power grid via the battery bank.

40. The system of claim 38, wherein the electric buses of the electric power network
connect the plurality of electric power arrangements to the battery bank.

41. The system of claim 30, further comprising the battery bank connected to the one
or more electric power arrangements, wherein the electric power network is configured
to switchably connect the battery bank to the one or more electric motors of the at least
one hydraulic fracturing unit to deliver power to the one or more electric motors of the at
least one hydraulic fracturing unit responsive to the failure or fault of the engine-

generator set of the at least one electric power arrangement.

42. The system of claim 41, wherein the one or more electric power arrangements
further comprise a connection to the utility power grid, and the electric power network is

configured to switchably connect the utility power grid to the one or more electric motors
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of the at least one hydraulic fracturing unit to deliver power to the one or more electric
motors of the at least one hydraulic fracturing unit responsive to the failure or fault of the

engine-generator set of the at least one electric power arrangement.

43. A method of fracturing a well, the method comprising:

(A) providing one or more hydraulic fracturing units, each hydraulic fracturing unit
comprising:

a chassis;

a reciprocating plunger pump connected to the chassis and configured to
pump a fracturing fluid;

a powertrain connected to the chassis and configured to power the
reciprocating plunger pump, the powertrain including a direct drive gas turbine
engine and a drivetrain; and

auxiliary equipment located onboard the chassis, the auxiliary equipment
driven by one or more electric motors to support operation of the hydraulic
fracturing unit including the reciprocating plunger pump and the powertrain;

(B) arranging one or more electric power arrangements to power the auxiliary
equipment of the one or more hydraulic fracturing units, each electric power
arrangement comprising an engine-generator set configured to generate electric power;

(C) arranging an electric power network to deliver electric power generated by
the engine-generator set of at least one electric power arrangement of the one or more
electric power arrangements to the one or more electric motors of at least one hydraulic
fracturing unit of the one or more hydraulic fracturing units, the electric power network
comprising an electric bus coupled to an engine-generator set of the at least one
electric power arrangement and the one or more electric motors of the at least one
hydraulic fracturing unit, the electric power network also being connectable to one or
more of a utility power grid, a battery bank, or another engine-generator set, and the
electric power network being configured to deliver electric power generated by the
engine-generator set of the at least one electric power arrangement to the one or more
electric motors of the at least one hydraulic fracturing unit to drive the auxiliary
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equipment and to be connected to the one or more of the utility power grid, the battery
bank, or the another engine-generator set to deliver power to the one or more electric

motors of the at least one hydraulic fracturing unit responsive to a failure or fault of the
engine-generator set of the at least one electric power arrangement;

(D) connecting a manifold to respective reciprocating plunger pumps of the one
or more hydraulic fracturing units, the manifold being configured to deliver fracturing
fluid from the respective reciprocating plunger pumps to the well;

(E) operating the powertrain of the one or more hydraulic fracturing units to
power the reciprocating plunger pump of the one or more hydraulic fracturing units to
pump the fracturing fluid; and

(F) operating the one or more electric power arrangements to power the auxiliary
equipment.

44. The method of claim 43, wherein each engine-generator set of the one or more
electric power arrangements includes a diesel engine and an electric motor generator,
and wherein the step of operating the one or more electric power arrangements
includes operating the diesel engine of the engine-generator set to drive the electric

motor generator to generate electric power.

45.  The method of claim 43, wherein each engine-generator set of the one or more
electric power arrangements includes a gas turbine engine and an electric generator,
and wherein the step of operating the one or more electric power arrangements
includes operating the gas turbine engine of the electric generator set to drive the

electric generator to generate electric power.
46. The method of claim 43, wherein the one or more electric power arrangements
further comprises a connection to the utility power grid, and wherein the step of

operating the one or more electric power arrangements includes connecting the electric

power network to the utility power grid to deliver power to the one or more electric
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motors of the at least one hydraulic fracturing unit responsive to the failure or fault of the

engine-generator set of the at least one electric power arrangement.

47. The method of claim 43, wherein the battery bank is configured to be charged by
power generated by the engine-generator set of the one or more electric power
arrangements, and wherein the step of operating the one or more electric power
arrangements includes connecting the at least one electric power arrangement to the
battery bank to deliver power to the one or more electric motors responsive to the failure
or fault of the engine-generator set of the at least one electric power arrangement.

48. The method of claim 43, wherein the step of operating the one or more electric
power arrangements includes connecting the at least one electric power arrangement to
the another engine-generator set to deliver power to one or more electric motors of the
at least one hydraulic fracturing unit responsive to the failure or fault of the engine-

generator set of the at least one electric power arrangement.

49. The method of claim 43, wherein the one or more electric power arrangements
include a plurality of electric power arrangements, wherein the one or more hydraulic
fracturing units include a plurality of hydraulic fracturing units, and wherein the step of
arranging the plurality of electric power arrangements includes connecting each of the
plurality of electric power arrangements to a respective chassis of each of the plurality
of hydraulic fracturing units.

50. The method of claim 43, wherein the step of arranging the one or more electric
power arrangements includes connecting the at least one or more hydraulic fracturing
unit to the at least one electric power arrangement to supply power to the auxiliary
equipment of the at least one hydraulic fracturing unit.

51. The method of claim 50, further comprising connecting the at least one electric
power arrangement to the another engine-generator set, and connecting the another
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engine-generator set to the one or more electric motors to deliver power to the one or
more electric motors responsive to the failure or fault of the engine-generator set of the

at least one electric power arrangement.

52. The method of claim 51, wherein the one or more electric power arrangements
include a plurality of electric power arrangements, the method further comprising:
connecting the battery bank to the plurality of electric power arrangements;
operating engine-generator sets of the plurality of electric power arrangements to
charge the battery bank; and
supplying the one or more electric motors of the one or more hydraulic fracturing
units with power from the battery bank responsive to the failure or fault of the engine-
generator set of the at least one electric power arrangement.

53. A system for fracturing a well, the system comprising:
a hydraulic fracturing unit comprising:
a chassis;
a reciprocating plunger pump connected to the chassis and configured to
pump a fracturing fluid,;
a powertrain connected to the chassis and configured to power the
reciprocating plunger pump; and
auxiliary equipment located onboard the chassis, the auxiliary equipment
driven by an electric motor to support operation of the hydraulic fracturing unit
including the reciprocating plunger pump and the powertrain;
an electric power arrangement configured to power the auxiliary equipment, the
electric power arrangement comprising an engine-generator set configured to generate
electric power,
an electric power network configured to deliver electric power generated by the
engine-generator set to the electric motor, the electric power network being connected
to the engine-generator set and the electric motor, the electric power network being
switchably connectable to a utility power grid, a battery bank, or another engine-
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generator set and being configured to deliver electric power generated by the engine-
generator set to the electric motor to drive the auxiliary equipment and to be switchably
connected to the utility power grid, the battery bank, or the another engine-generator set
responsive to a failure or fault of the engine-generator set of the electric power
arrangement; and

a manifold connected to the reciprocating plunger pump, the manifold configured
to deliver fracturing fluid from the reciprocating plunger pump to the well, and wherein
the electric power network comprises an electric bus affixed to the manifold and
connecting the hydraulic fracturing unit to the electric power arrangement.

54. The system of claim 53, wherein the engine-generator set includes a diesel
engine and an electric motor generator, the diesel engine configured to drive the electric
motor generator to generate the electric power.

55.  The system of claim 53, wherein the engine-generator set includes a gas turbine
engine and an electric generator, the gas turbine engine configured to drive the electric
generator to generate the electric power.

56. The system of claim 53, wherein the electric power arrangement further
comprises a connection to the utility power grid, and the electric power network is
configured to switchably connect the utility power grid to the electric motor to deliver
power to the electric motor responsive to the failure or fault of the engine-generator set

of the electric power arrangement.
57. The system of claim 53, further comprising a battery bank chargeable by the
engine-generator set of the electric power arrangement, and the electric power network

is configured to switchably connect the battery bank to the electric motor responsive to

the failure or fault of the engine-generator set of the electric power arrangement.
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58. The system of claim 53, wherein the electric power arrangement further
comprises a connection to the another engine-generator set, and the electric power
network is configured to switchably connect the another engine-generator set to the
electric motor responsive to the failure or fault of the engine-generator set of the electric

power arrangement.

59. The system of claim 53, further comprising a plurality of hydraulic fracturing units
and a plurality of electric power arrangements, wherein the hydraulic fracturing unit is
one of the plurality of hydraulic fracturing units, and wherein the electric power
arrangement is one of the plurality of electric power arrangements, each of the plurality
of electric power arrangements being connected to a chassis of a respective one of the
plurality of hydraulic fracturing units.

60. The system of claim 59, wherein each of the plurality of electric power
arrangements is connected to the engine-generator set of an associated one of the
plurality of electric power arrangements, and

wherein the electric power network is configured to switchably connect the
engine-generator set of a first of the plurality of electric power arrangements to the
electric motor of a first of the plurality of hydraulic fracturing units responsive to the

failure or fault of a second of the plurality of electric power arrangements.

61. The system of claim 59, wherein the battery bank is connected to the plurality of
electric power arrangements, wherein each engine-generator set is configured to
generate electric power from which the battery bank is chargeable, and wherein the
electric power network is configured to switchably connect the battery bank to the
electric motors of the plurality of hydraulic fracturing units responsive to a failure or fault
of the engine-generator set of a first of the plurality of electric power arrangements.

62. The system of claim 61, wherein the battery bank is configured to be connected
to the utility power grid, and the electric power network is configured to switchably
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connect the plurality of electric power arrangements to the utility power grid via the
battery bank.

63. The system of claim 61, wherein the electric bus connects the plurality of electric

power arrangements to the battery bank.

64. The system of claim 53, wherein the battery bank is connected to the electric
power arrangement, wherein the electric power network is configured to switchably
connect the battery bank to the electric motor responsive to the failure or fault of the

engine-generator set of the electric power arrangement.

65. The system of claim 64, wherein the electric power arrangement further
comprises a connection to the utility power grid, and the electric power network is
configured to switchably connect the utility power grid to the electric motor responsive to

the failure or fault of the engine-generator set of the electric power arrangement.

66. The system of claim 53, wherein the powertrain includes a direct drive gas

turbine engine and a drivetrain.

67. A method of fracturing a well, the method comprising:

(A) providing a hydraulic fracturing unit, the hydraulic fracturing unit comprising:

a chassis;

a reciprocating plunger pump connected to the chassis and configured to
pump a fracturing fluid,;

a powertrain connected to the chassis and configured to power the
reciprocating plunger pump; and

auxiliary equipment located onboard the chassis, the auxiliary equipment
driven by an electric motor to support operation of the one or more of the
hydraulic fracturing units including the reciprocating plunger pump and the

powertrain;
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(B) arranging an electric power arrangement to power the auxiliary equipment,
the electric power arrangement comprising an engine-generator set configured to
generate electric power;

(C) arranging an electric power network to deliver electric power generated by
the electric power arrangement to the electric motor, the electric power network
comprising an electric bus being connected to the engine-generator set and the electric
motor, the electric power network also being connectable to one or more of a utility
power grid, a battery bank, or another engine-generator set, and the electric power
network being configured to deliver electric power generated by the engine-generator
set to the electric motor and to be connected to the one or more of the utility power grid,
the battery bank, or the another engine-generator set responsive to a failure or fault of
the engine-generator set of the electric power arrangement;

(D) connecting a manifold to the reciprocating plunger pump, the manifold being
configured to deliver fracturing fluid from the reciprocating plunger pump to the well;

(E) operating the powertrain to power the reciprocating plunger pump to pump
the fracturing fluid; and

(F) operating the electric power arrangement to power the auxiliary equipment.

68. The method of claim 67, wherein the engine-generator set includes a diesel
engine and an electric motor generator, and wherein the step of operating the electric
power arrangement includes operating the diesel engine to drive the electric motor
generator.

69. The method of claim 67, wherein the engine-generator set includes a gas turbine
engine and an electric generator, and wherein the step of operating the electric power

arrangement includes operating the gas turbine engine to drive the electric generator.

70. The method of claim 67, wherein the electric power arrangement further
comprises a connection to the utility power grid, and wherein the step of operating the
electric power arrangement includes connecting the electric power network to the utility
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power grid to deliver power to the electric motor responsive to the failure or fault of the

engine-generator set of the electric power arrangement.

71.  The method of claim 67, further comprising providing the battery bank such that
the battery bank is configured to be charged by the engine-generator set of the electric
power arrangement, and wherein the step of operating the electric power arrangement
includes connecting the electric power arrangement to the battery bank to deliver
electric power to the electric motors responsive to the failure or fault of the engine-
generator set of the electric power arrangement.

72.  The method of claim 67, wherein the electric power arrangement further
comprises a connection to the another engine-generator set, and wherein the step of
operating the electric power arrangement includes connecting the electric power
arrangement to the another engine-generator set to deliver power to electric motor
responsive to the failure or fault of the engine-generator set of the electric power

arrangement.

73. The method of claim 67, wherein the providing the hydraulic fracturing unit further
comprises providing a plurality of hydraulic fracturing units and a plurality of electric
power arrangements, wherein the hydraulic fracturing unit is one of the plurality of
hydraulic fracturing units, wherein the electric power arrangement is one of a plurality of
electric power arrangements, and wherein the step of arranging the plurality of electric
power arrangements includes connecting each of the plurality of electric power
arrangements to a respective chassis of each of the plurality of hydraulic fracturing

units.

74. The method of claim 67, wherein the step of arranging the electric power
arrangement includes connecting the hydraulic fracturing unit to the electric power
arrangement to supply electric power to the auxiliary equipment of the hydraulic
fracturing unit.
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75.  The method of claim 74, further comprising connecting the electric power
arrangement to the another engine-generator set, and connecting the another engine-
generator set to the electric motor responsive to the failure or fault of the engine-

generator set of the electric power arrangement.

76. The method of claim 75, further comprising providing a plurality of electric power
arrangements, wherein the electric power arrangement is one of the plurality of electric
power arrangements, the method further comprising:

connecting the battery bank to the plurality of electric power arrangements;

operating engine-generator sets of the plurality of electric power arrangements to
charge the battery bank; and

supplying the electric motor with electric power from the battery bank responsive
to the failure or fault of the engine-generator set of at least one of the plurality of electric

power arrangements.

77. The method of claim 67, wherein the powertrain includes a direct drive gas

turbine engine and a drivetrain.
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