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ABSTRACT

Methods and systems for supply of fuel for a turbine-driven fracturing pump system
used in hydraulic fracturing may be configured to identify when the supply pressure of
primary fuel to a plurality of gas turbine engines of a plurality of hydraulic fracturing units
falls below a set point, identify a gas turbine engine of the fleet of hydraulic fracturing units
operating on primary fuel with highest amount of secondary fuel available, and to
selectively transfer the gas turbine engine operating on primary fuel with the highest
amount of secondary fuel from primary fuel operation to secondary fuel operation. Some
methods and systems may be configured to transfer all gas turbine engines to secondary
fuel operation and individually and/or sequentially restore operation to primary fuel
operation and/or to manage primary fuel operation and/or secondary fuel operation for
portions of the plurality of gas turbine engines.
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METHODS AND SYSTEMS FOR SUPPLYING FUEL TO GAS TURBINE ENGINES

Technical Field

[0001] The present disclosure relates to methods and systems for supplying fuel
to gas turbine engines, and more particularly, to methods and systems for controlling
and/or managing the supply of a primary fuel from a primary fuel source and a secondary
fuel from a secondary fuel supply to a plurality of gas turbine engines associated with a
hydraulic fracturing system.

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,
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. 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.

[0003] Prime movers may be used to supply power to a plurality of pumps for
pumping the fracking fluid into the formation. For example, a plurality of gas turbine

engines may each be mechanically connected to a corresponding pump and operated to
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drive the pump. Some gas turbine engines may be designed to be operated using more
than a single type of fuel, which may provide efficiency and flexibility of use advantages
as compared to traditional fracturing pump fleets including engines that are designed to
be operated using a single type of fuel. Gas turbine engines designed to be operated
using more than a single type of fuel may also provide improved reliability, lower
emissions, and/or smaller foot print as compared to traditional fracturing pump fleets. In
such traditional fleets, when an engine-pump unit runs low on fuel, such as diesel fuel,
that unit must be idled while refueling or while another stand-by unit is fueled and brought

on-line.

[0004] For example, once low on fuel a traditional unit must be shut-off and
refueled while another unit is introduced into its place to make up for the loss of the
pumping power that the unit low on fuel provides. This can affect the pumping
performance during a fracturing operation sequence, as well as requiring human
intervention to perform the refueling, aligning suction and discharge valves, etc. This can
require multiple personnel to communicate information, for example, so the relatively
complex process is performed correctly. Using a single fuel source may also limit the
ability for the fracturing fleet to complete a fracturing operation sequence in an
uninterrupted manner when low on fuel, which results in delays in pumping completion.

[0005] During a fracturing operation, the level of fuel available in each fuel tank
associated with a corresponding engine may need to be evaluated between fracking
stages to determine whether more fuel is required to ensure that the units can be operated
throughout the next stage or multiple stages of the fracturing operation sequence. This
may result in operators needing to manually check fuel tanks and/or gauge levels, which
can be time consuming and expose operators to hazardous liquids and vapors.

[0006] Accordingly, it can be seen that a need exists for more efficient ways for
control and operation of fracturing pump systems. The present disclosure may address

one or more of the above-referenced drawbacks, as well as other possible drawbacks.
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Summary

[0007] According to afirst embodiment, the present disclosure is generally directed
to methods and systems for control of fuel supplied to a gas turbine engine-driven
fracturing pump system used in hydraulic fracturing. In some examples, a method of
controlling fuel supply to a plurality of gas turbine engines connected to pumps associated
with a hydraulic fracturing system may be provided. In some examples, the method may
include receiving a signal indicating that supply pressure of primary fuel supplied to one
or more gas turbine engines of the plurality of gas turbine engines falls below a set point.
The method may further include initiating a timer and increasing a data sampling rate
associated with the plurality gas turbine engines based at least in part on the signal. In
some examples, the method may further include, when the supply pressure of primary
fuel to the one or more gas turbine engines remains below the set point when the timer
reaches a predetermined end time, identifying a gas turbine engine of the plurality of gas
turbine engines having a greatest amount of a secondary fuel available. The method may
further include causing supply of the secondary fuel to the identified gas turbine engine
in place of at least some of the primary fuel supplied to the identified gas turbine engine.

[0008] According to a further embodiment, this disclosure is also generally directed
to a system for controlling fuel supply to a plurality of gas turbine engines connected to
pumps associated with a hydraulic fracturing system. The system may include one or
more hydraulic fracturing units including one or more of the plurality of gas turbine engines
and a pump connected thereto. The system may further include a controller in
communication with the one or more hydraulic fracturing units. The controller may include
memory including instructions executable by a computer for performing operations that
may include: receiving a signal indicating that supply pressure of primary fuel to one or
more gas turbine engines of the plurality of gas turbine engines falls below a set point,
and based at least in part on the signal, initiating a timer and increasing a data sampling
rate associated with the plurality of gas turbine engines. The operations may further
include, when the supply pressure of primary fuel to the one or more gas turbine engines
remains below the set point when the timer reaches a predetermined end time, identifying

a gas turbine engine of the plurality of gas turbine engines having a greatest amount of a
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secondary fuel available. The operations may further include causing supply of the
secondary fuel to the identified gas turbine engine in place of at least some of the primary
fuel supplied to the gas turbine engine.

[0009] According to yet another embodiment, this disclosure is generally directed
to a system for supplying fuel to a plurality of gas turbine engines. The system may
include a primary sensor associated with the plurality of gas turbine engines. The primary
sensor may be configured to generate a primary signal indicative of an ability of a primary
fuel source to supply an amount of primary fuel sufficient to operate the plurality of gas
turbine engines at a first output. The system may also include a plurality of secondary
sensors. Each of the plurality of secondary sensors may be associated with one of the
plurality of gas turbine engines and may be configured to generate a secondary signal
indicative of an amount of secondary fuel available from a secondary fuel supply
associated with each of the plurality of gas turbine engines. The system may further
include a controller in communication with the primary sensor, each of the plurality of
secondary sensors, and a plurality of primary valves. Each of the plurality of primary
valves may be configured to control flow communication between the primary fuel source
and one of the plurality of gas turbine engines. The controller may be configured to
determine, based at least in part on the primary signal, that the primary fuel source is
supplying an insufficient amount of the primary fuel to operate one or more of the plurality
of gas turbine engines at the first output. The controller may be further configured to
determine, based at least in part on the secondary signals, that the amount of secondary
fuel available from a first secondary fuel supply associated with a first of the plurality of
gas turbine engines is greater than an amount of secondary fuel available from each of a
remainder of the secondary fuel supplies associated with a remainder of the plurality of
gas turbine engines. The controller may also be configured to cause a primary valve of
the plurality of primary valves to inhibit flow communication between the primary fuel
source and the first of the plurality of gas turbine engines and cause supply of secondary
fuel from the first secondary fuel supply to the first of the plurality of gas turbine engines.

[0010] According to still a further embodiment, this disclosure is generally directed

to a system for supplying fuel to a plurality of gas turbine engines. The system may
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include a primary sensor associated with the plurality of gas turbine engines. The primary
sensor may be configured to generate a primary signal indicative of an ability of a primary
fuel source to supply an amount of primary fuel sufficient to operate the plurality of gas
turbine engines at a first output. The system may also include a controller in
communication with the primary sensor and a plurality of primary valves, each of the
plurality of primary valves configured to control flow communication between the primary
fuel source and one of the plurality of gas turbine engines. The controller may be
configured to determine, based at least in part on the primary signal, that the primary fuel
source does not have an ability to supply an amount of primary fuel sufficient to operate
the plurality of gas turbine engines at the first output. The controller may be further
configured to cause one or more primary valves configured to control flow communication
between the primary fuel source and the plurality of gas turbine engines to inhibit flow
communication between the primary fuel source and the plurality of gas turbine engines .
The controller may also be configured to cause supply of secondary fuel from a plurality
of secondary fuel supplies to each of the plurality of gas turbine engines, wherein each of
the plurality of secondary fuel supplies is associated with one of the plurality of gas turbine
engines. The controller may be further configured to cause operation of the plurality of

gas turbine engines at the first output using the secondary fuel.

[0011] Still other aspects, embodiments, and advantages of these exemplary
embodiments and embodiments, are discussed in detail below. Moreover, it is to be
understood that both the foregoing information and the following detailed description
provide merely illustrative examples of various aspects and embodiments, and are
intended to provide an overview or framework for understanding the nature and character
of the claimed aspects and embodiments. Accordingly, these and other objects, along
with advantages and features of the present invention herein disclosed, will become
apparent through reference to the following description and the accompanying drawings.
Furthermore, it is to be understood that the features of the various embodiments
described herein are not mutually exclusive and can exist in various combinations and
permutations.
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Brief Description of the Drawings

[0012] The accompanying drawings, which are included to provide a further
understanding of the embodiments of the present disclosure, are incorporated in and
constitute a part of this specification, illustrate embodiments of the present disclosure,
and together with the detailed description, serve to explain principles of the embodiments
discussed herein. No attempt is made to show structural details of this disclosure in more
detail than can be necessary for a fundamental understanding of the embodiments
discussed herein and the various ways in which they can be practiced. According to
common practice, the various features of the drawings discussed below are not
necessarily drawn to scale. Dimensions of various features and elements in the drawings
can be expanded or reduced to more clearly illustrate embodiments of the disclosure.

[0013] FIG. 1 illustrates an example system for supplying fuel to an example
hydraulic fracturing system according to embodiments of the disclosure.

[0014] FIG. 2 is a schematic diagram of an example fuel distribution system
according to embodiments of the disclosure.

[0015] FIG. 3 is a schematic diagram of another example fuel distribution system
according to embodiments of the disclosure.

[0016] FIG. 4 is a schematic diagram of yet another example fuel distribution
system according to embodiments of the disclosure.

[0017] FIG. 5 is a schematic diagram of an example piping arrangement for
supplying primary fuel and secondary fuel to a gas turbine engine according to
embodiments of the disclosure.

[0018] FIG. 6 is a block diagram of an example method for supplying fuel to a

plurality of gas turbine engines according to embodiments of the disclosure.

[0019] FIG. 7A is a block diagram of an example method for supplying fuel to a

plurality of gas turbine engines according to embodiments of the disclosure.

[0020] FIG. 7B is a continuation of the block diagram of FIG. 7A.
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[0021] FIG. 8A is a block diagram of an example method for supplying fuel to a
plurality of gas turbine engines according to embodiments of the disclosure.

[0022] FIG. 8B is a continuation of the block diagram of FIG. 8A.

[0023] FIG. 9is aschematic diagram of an example controller configured to control
supply of fuel to a plurality of gas turbine engines according to embodiments of the
disclosure.

Detailed Description

[0024] Referring now to the drawings in which like numerals indicate like parts
throughout the several views, the following description is provided as an enabling
teaching of exemplary embodiments, and those skilled in the relevant art will recognize
that many changes can be made to the embodiments described. It also will be apparent
that some of the desired benefits of the embodiments described can be obtained by
selecting some of the features of the embodiments without utilizing other features.
Accordingly, those skilled in the art will recognize that many modifications and
adaptations to the embodiments described are possible and can even be desirable in
certain circumstances. Thus, the following description is provided as illustrative of the
principles of the embodiments and not in limitation thereof.

[0025] The phraseology and terminology used herein is for the purpose of
description and should not be regarded as limiting. As used herein, the term “plurality”

” 1134

refers to two or more items or components. The terms “comprising,” “including,”

”ou

“‘carrying,” “having,” “containing,” and “involving,” whether in the written description or the
claims and the like, are open-ended terms, i.e., to mean “including but not limited to,”
unless otherwise stated. Thus, the use of such terms is meant to encompass the items
listed thereafter, and equivalents thereof, as well as additional items. The transitional
phrases “consisting of’ and “consisting essentially of,” are closed or semi-closed
transitional phrases, respectively, with respect to any claims. Use of ordinal terms such
as “first,” “second,” “third,” and the like in the claims to modify a claim element does not
by itself connote any priority, precedence, or order of one claim element over another or

the temporal order in which acts of a method are performed, but are used merely as labels
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to distinguish one claim element having a certain name from another element having a
same name (but for use of the ordinal term) to distinguish claim elements.

[0026] FIG. 1 illustrates a schematic diagram of an example system 100 for
controlling supply of fuel to an example hydraulic fracturing unit 102 including a pump 104
configured to supply a fracking fluid to a subterranean formation, and a gas turbine engine
(GTE) 106 connected to the pump 104 and configured to drive the pump 104 according
to embodiments of the disclosure. As shown in more detail with respect to FIGS. 2-4.
The system 100 may be part of a hydraulic fracturing system that includes a plurality (or
fleet) of hydraulic fracturing units configured to pump a fracking fluid into a well at high
pressure and high flow rates, sothat a subterranean formation fails and begins to fracture
in order to promote hydrocarbon production from the well.

[0027] In some examples, the system 100 may be semi-autonomously controlled
or fully-autonomously controlled. In some examples, one or more of the hydraulic
fracturing units 102 may include directly driven turbine (DDT) pumping units, in which the
pumps 104 are connected to one or more GTEs 106 that supply power to the respective
pump 104 for supplying fracking fluid at high pressure and high flow rates to a formation.
For example, a GTE 106 may be connected to a respective pump 104 via a reduction
gearbox connected to a drive shaft, which, in turn, is connected to an input shaft or input
flange of a respective reciprocating pump 104. Other types of GTE-to-pump
arrangements are contemplated. In some examples, one or more of the GTEs 106 may
be a dual-fuel or bi-fuel GTE, for example, capable of being operated 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 (e.g., a primary fuel), using a second type of fuel (e.g., a secondary
fuel), and/or using a combination of a first type of fuel and a second type of fuel. The one
or more GTEs 106 may be operated to provide horsepower to drive one or more of the
pumps 104 to safely and successfully fracture a formation during a well stimulation
project.

[0028] As shown in FIG. 1, the system 100 may include a primary fuel source 108

for suppling primary fuel to one or more of the GTEs 106 and, in some instances, a
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primary sensor 110 configured to generate one or more signals indicative of an ability of
the primary fuel source 108 to supply an amount of primary fuel sufficient to operate the
GTE 106 at a desired output. In some examples, for example, as shown in FIG. 1, one
or more of the hydraulic fracturing units 102 may include a secondary fuel supply 112
configured to supply a secondary fuel to one or more of the GTEs 106, for example, if the
primary fuel source 108 is not supplying a sufficient amount of fuel to the GTE 106 to
operate the GTE 106 at the desired output. In some examples, the hydraulic fracturing
unit 102 may include a dedicated secondary fuel supply 112 for supplying secondary fuel
to the GTE 106 of the respective hydraulic fracturing unit 102, for example, as shown in
FIG. 1. The system 100 may also include a secondary sensor 114 associated with the
secondary fuel supply 112 and configured to generate one or more signals indicative of
an amount of secondary fuel available from the secondary fuel supply 112 associated
with one or more of the plurality of GTEs 106 associated with a hydraulic fracturing
system, for example, a respective GTE 106 associated with the respective secondary fuel
supply 112, as shownin FIG. 1. In some examples, one or more of the hydraulic fracturing
units 102 may include a plurality of the pump 104 and GTE 106 pairs. Although other
types of fuel are contemplated, in some examples, the primary fuel may include gaseous
fuels, such as, for example, compressed natural gas (CNG), natural gas, field gas,
pipeline gas, etc., and the secondary fuel may include liquid fuels, such as, for example,

diesel fuel (e.g., #2 Diesel), bio-diesel fuel, bio-fuel, alcohol, gasoline, gasohol, aviation
fuel, etc.

[0029] The system 100 may also include one or more controllers 116 configured
to control one or more embodiments related to the supply of fuel to one or more of the
GTEs 106 associated with one or more respective hydraulic fracturing units 102, for
example, as outlined herein. In some examples, the system 100 may also include a
remote terminal unit 118 in communication with one or more of the primary sensor 110 or
the secondary sensor 114 and configured to provide a communication interface between
the primary sensor 110, the secondary sensor 114, and the controller 116. In some
examples, the controller 116 may be configured to interface with one or more of the

remote terminal units 118 associated with one or more of the hydraulic fracturing units
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102. The remote terminal units 118 may include communication and/or processing
interfaces, and may be configured to receive, store, and/or process sensor data
associated with sensor signals received from one or more of the primary sensors 110
and/or one more of the secondary sensors 114, as well as other sensors that may be
associated with the system 100. The one or more remote terminal units 118 may be
configured to communicate such sensor data to the controller 116. In some examples,
the controller 116 may serve as a supervisory control for one or more of the remote
terminal units 118, one or more of which may be in communication with an individual
hydraulic fracturing unit 102 or multiple hydraulic fracturing units 102. The controller 116
and/or the remote terminal units 118, in some examples, may include one or more
industrial control systems (ICS), such as, for example, supervisory control and data

acquisition (SCADA) systems, distributed control systems (DCS), and/or programmable
logic controllers (PLCs).

[0030] As shown in FIG. 1, the GTE 106 is in communication with the primary
sensor 110. In some examples, the primary sensor 110 may be configured to generate
one or more signals indicative of the fuel pressure of the primary fuel (e.g., a gaseous
fuel) supplied from the primary fuel source 108 to the GTE 106, for example, the fuel
pressure upstream of the GTE 106. This may be an indication of the ability of the primary
fuel source 108 to supply an amount of primary fuel sufficient to operate one or more of
the plurality of GTEs 106 at a desired power and/or torque output. This may be an
indication of the amount of primary fuel available from the primary fuel source 108 for
operating the GTE 106 at the desired output. The primary sensor 110 may include one
or more pressure sensors and/or one or more flow meters. Other sensor types are
contemplated. For example, when the primary sensor 110 provides an indication of low
pressure, the GTE 106 may not be able to operate at the desired output. In some
examples, under such circumstances, the GTE 106 may be operated using the secondary
fuel supplied by the secondary fuel supply 112. The secondary fuel supply 112 may be
provided in a fuel tank or reservoir connected to the respective or associated GTE 106.
In some examples, when the primary fuel source 108 is not providing a sufficient amount

of the primary fuel to operate the respective GTE 106 at the desired output (e.g., the fuel

10

Date Recgue/Date Received 2020-09-10



pressure is insufficient), at least some or all of the primary fuel supplied to the GTE 106
may be supplemented and/or replaced with secondary fuel supplied by the secondary
fuel supply 112 associated with the respective GTE 106, for example, as outlined herein.

[0031] The secondary sensor 114 may include one or more sensors configured to
generate one or more signals indicating the amount (e.g., the volume) of secondary fuel
contained in the secondary fuel supply 112 of the associated hydraulic fracturing unit 102.
For example, the secondary sensor 112 may be configured to generate one or more
signals indicative of a level or volume of secondary fuel (e.g., diesel fuel) available for
supply to the GTE 106 in the secondary fuel supply 112 associated with the hydraulic
fracturing unit 102. In some examples, the secondary sensor 114 may include one or
more sensors, such as, for example, a RADAR level sensor, a guided-wave RADAR level
sensor, an ultrasonic level sensor, a capacitive level sensor, a hydrostatic level sensor, a
probe-type level sensor, a float-type level sensor, a radio frequency admittance level
sensor, an electro-optical level sensor, and/or any other type of sensor configured to
generate signals providing an indication of the amount of secondary fuel available in the
respective secondary fuel supply 112.

[0032] As shown in FIG. 1, the controller 116 may, in some examples, be in
communication with the hydraulic fracturing unit 102 (e.g., the GTE 106 and/or any related
components) via a communications link 120 configured to receive operational data from
the hydraulic fracturing unit 102. In some examples, communications may be performed
according to communication protocols, such as, for example, Profibus, Modbus, and
CANopen. The communications link 120 may be any of one or more communication
networks, such as, for example, an Ethernet interface, a universal serial bus (USB)
interface, and/or a wireless interface. In some examples, the controller 116 may be in
communication with the hydraulic fracturing unit 102 via hard-wired link or cable, such as,

for example, a communications interface cable.

[0033] The controller 116 may include a computer system having one or more
processors configured to execute computer-executable instructions to receive and/or
analyze data from various data sources, such as the hydraulic fracturing unit 102, one or

more primary sensors 110 and/or one or more secondary sensors 114, and may include
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one or more remote terminal units 118. The controller 116 may be further configured to
provide inputs, gather transfer function outputs, and/or transmit instructions from any
number of operators and/or personnel. In some examples, the controller 116 may be
configured to perform control actions, as well as provide inputs to the one or more remote
terminal units 118. In some examples, the controller 116 may be configured to control,
based at least in part on data received from one or more data sources (e.g., the hydraulic
fracturing units 102, the primary sensors 110, and/or the secondary sensors 112), one or
more of various actions to be performed by various controllable components of the
hydraulic fracturing unit 102 and related components. In some examples, the controller
116 may be an independent entity or component communicatively coupled to one or more

remote terminal units 118.

[0034] FIG. 2 is a schematic diagram of an example fuel distribution system 200
associated with a plurality, or fleet, of example hydraulic fracturing units 102 according to
embodiments of the disclosure, identified as 102a, 102b, 102c, 102d, 102e, 102f, 102g,
and 102h, although fewer or more hydraulic fracturing units are contemplated. In the
example shown, each of the plurality hydraulic fracturing units 102 includes a GTE 1086,
identified respectively as 106a, 106b, 106c, 106d, 106e, 106f, 106g, and 106h. Each of
the GTEs 106 supplies power for each of the hydraulic fracturing units 102 to operate a
pump 104, identified respectively as 104a, 104b, 104c, 104d, 104e, 104f, 104g, and 104h.
The example shown in FIG. 2 includes a manifold 202 configured to integrate the fluid
outputs (e.g., the fracking fluid outputs) of one or more of the hydraulic fracturing units
102 to provide flow communication with the wellhead 204, which provides flow
communication with the subterranean formation being conditioned by the fracturing

process.

[0035] The example fuel distribution system 200 shown in FIG. 2 is a hybrid hub-
type fuel distribution system, including a first primary fuel source 108a and a second
primary fuel source 108b. The example first and second primary fuel sources 108a and
108b are shared across the plurality of GTEs 106 in the plurality of hydraulic fracturing
units 102. In the example shown, a primary sensor 110 is associated with each of the

respective GTEs 106, and the primary sensors are respectively identified as 110a, 110b,
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110c, 110d, 110e, 110f, 110g, and 110h. In some examples, each of primary sensors
110 may be configured to generate one or more signals indicative of an ability of the
primary fuel source 108a and/or 108b to supply a sufficient amount of a primary fuel (e.g.,
a gaseous fuel) to operate one or more of the respective GTEs 106 at a desired output
(e.g., the desired output for each of the GTEs 106 and/or the desired output total for all
of the operational GTEs 106). For example, the primary sensors 110 may include one or

pressure sensors and/or one or more flow rate sensors.

[0036] In some examples, the hybrid hub-type arrangement shown in FIG. 2 may
provide flexibility of operation, for example, if one of the primary fuel sources 108a or
108b fails to supply a sufficient amount of primary fuel to operate all the GTEs 106 at a
desired output. The other primary fuel source may be able to partially or completely
overcome any deficit of the amount of primary fuel supplied by the underperforming
primary fuel source. However, such a hybrid hub-type arrangement may require more
set-up time, additional connections, and capital cost, for example, due to additional piping

and/or valves sometimes characteristic of such arrangements.

[0037] As shown in the example of FIG. 2, each hydraulic fracturing unit 102
includes a secondary sensor 114, identified respectively as 114a, 114b, 114c, 114d,
114e, 114f, 1149, and 114h. The secondary sensors 114 may be configured to generate
one or more signals indicative of the amount of secondary fuel available from the
respective secondary fuel supplies 112 associated with each of the plurality of GTEs 106.
As discussed herein, signals generated by the secondary sensors 114 may be received
by the controller 116 (see FIG. 1).

[0038] FIG. 3 is a schematic diagram of another example fuel distribution system
300 according to embodiments of the disclosure. The example fuel distribution system
300 shown in FIG. 3, may be provided in association with a plurality or fleet of hydraulic
fracturing units 102, for example, at least similar to the plurality of hydraulic fracturing
units 102 shown in FIG. 2. The example fuel distribution system 300 is a multiple hub
and spoke-type system, which may include a dedicated first primary fuel source hub 302a
and/or a second primary fuel source hub 302b that provides primary fuel to each set of

hydraulic fracturing units 102a-102h. As indicated, dedicated supply lines identified
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respectively as 206a, 206b, 206c, 206d, 206e, 206f, 206g, and 206h, provide primary fuel
to each respective hydraulic fracturing unit 102a-102h. This example arrangement may
provide relatively reduced flexibility in terms of sharing primary fuel across the first and
second primary fuel source hubs 302a and 302b, but may provide substantially uniform
piping pressure drops to all the hydraulic fracturing units 102a-102h and may be desired
in certain situations based on layout and configuration of the site.

[0039] FIG. 4 is a schematic diagram of yet another example fuel distribution
system 400 provided in association with a plurality or fleet of hydraulic fracturing units
102 according to embodiments of the disclosure, for example, at least similar to those
shown in FIGS. 2 and 3. The example fuel distribution system 400 shown in FIG. 4 is a
daisy chain-type arrangement and includes two dedicated primary fuel sources 108a and
108b, each providing a single primary fuel supply connection to two subsets of the
hydraulic fracturing units 102a-102d and 102e-102h, respectively. This example
arrangement may provide relatively reduced flexibility of operation and relatively higher
fuel pressure variability across hydraulic fracturing units 102a-102h, but may be relatively
more cost effective, for example, because each set of hydraulic fracturing units 102a-
102h may be served by a single piping connection from the respective primary fuel
sources 108a and 108b.

[0040] The exemplary fuel distribution systems 200, 300, and 400 depicted in
FIGS. 2-4 are not intended to limit the arrangements or configurations that may be used
in association with the hydraulic fracturing units 102 of the system 100. One skilled in the
art will appreciate that the choice of fuel distribution system configuration may depend on
a number of factors, such as site layout, capital cost, and/or operation cost
considerations, among other factors.

[0041] FIG. 5 is a schematic diagram of an example piping arrangement 500 for
supplying primary fuel and secondary fuel to a GTE 106 according to embodiments of the
disclosure. In the example shown, the GTE 106 includes or is associated with a GTE fuel
manifold 501 configured to accept either or both primary fuel from the primary fuel source
108 and secondary fuel from the secondary fuel supply 112 for operation of the GTE 106

using, in some examples, the primary fuel, the secondary fuel, or a combination of both
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the primary fuel and the secondary fuel. In the example shown, the piping arrangement
500 includes a fuel line 502 for providing flow communication between the primary fuel
source 108 and the GTE fuel manifold 501. The piping arrangement 500 can be utilized
in the system 100 in combination with a fuel distribution system, such as, for example,
any one of the example fuel distribution systems 200, 300, or 400 shown in FIGS. 2-4,
and/or or other types of fuel distribution systems. For example, the fuel line 502 may
supply primary fuel from one or more of the primary fuel sources shown in FIGS. 2-4 to
the GTE 106 associated with one of the hydraulic fracturing units 102.

[0042] Between the primary fuel source 108 and the GTE fuel manifold 501, a filter
504 is provided and configured to filter particulates, water, and/or other fuel contaminates
from the primary fuel upstream of the GTE fuel manifold 501 to reduce the likelihood of,
or prevent, damage to the GTE 106. The filter 504 may be a coalescing filter, although
other types of filters are contemplated, for example, depending on the particulates and
contamination expected in the primary fuel and/or the fuel line 502.

[0043] In the example piping arrangement 500 shown in FIG. 5, a first primary
sensor 110 (e.g., a pressure transducer) is provided upstream of the GTE 106, and a
second primary sensor 110' (e.g., a pressure transducer) is provided downstream of the
filter 504. In some examples, the first primary sensor 110 and the second primary sensor
110" may be configured to generate one or more signals indicative of the fuel pressure at
each of the first primary sensor 110 and the second primary sensor 110'. The controller
116 may be configured to receive the one or more signals and determine a fuel pressure
drop across the filter 504. In some examples, if the pressure drop across the filter 504
rises above a pressure drop set point, it may be an indication that the filter 504 is at least
partially obstructed or clogged, which may prevent the GTE 106 from receiving a sufficient
amount of the primary fuel to operate at a desired output (e.g., full capacity), for example,
if the fuel pressure is insufficient or is below a minimum threshold required for operation
at the desired output.

[0044] In some examples, if this situation is encountered, the controller 116 may
be configured to cause the GTE 106 to operate using secondary fuel from the secondary

fuel supply 112 instead of operating the GTE 106 using primary fuel from the primary fuel
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source 108. For example, the controller 116 may communicate with a primary valve 506
and cause the primary valve 506 to close, thereby shutting off fuel flow from the primary
fuel source 108 to the GTE 106. (FIG. 5 shows the primary valve 506 in an open
condition.) The controller 116 may also communicate with a pump 508 between the
secondary fuel supply 112 and/or a secondary valve 510 (shown in an open condition)
and cause the pump 508 to operate to supply secondary fuel from the secondary fuel
supply 112 through the secondary valve 510 in the open condition to the GTE 106. In
some examples, the controller 116 may communicate with the secondary valve 510 to
cause the secondary valve 510 to open and provide flow communication between the
secondary fuel supply 112 and the GTE fuel manifold 501, thereby switching operation of
the GTE 106 from using primary fuel from the primary fuel source 108 to operation using
secondary fuel from the secondary fuel source 112, which may be associated with the
hydraulic fracturing unit 102 to which the GTE 106 is coupled. This may facilitate
continued operation of the GTE 106 using the secondary fuel while the filter 504 is
serviced (e.g., cleaned, flushed, and/or unclogged) and/or replaced. As shown in FIG. 5,
the piping arrangement 500 may also include a filter 512 between the secondary fuel
supply 112 and the GTE fuel manifold 501 and configured to filter particulates, water,
and/or other fuel contaminates from the secondary fuel upstream of the GTE 106 to
reduce the likelihood of, or prevent, damage to the GTE 106. In some examples, a
second primary valve 506" (shown in the open condition in FIG. 5) may be provided to
prevent secondary fuel from flowing to the filter 504 by changing to a closed condition
when secondary fuel is supplied to the GTE 106. In some examples, a secondary sensor
110" may be provided between the secondary valve 510 and the GTE fuel manifold 501
and may be configured to generate signals indicative of fuel pressure associated with the

secondary fuel upstream of the GTE fuel manifold 501.

[0045] In some examples, the system 100 may be configured to supply fuel to a
plurality or fleet of GTEs 106 connected to respective pumps 104 associated with a
hydraulic fracturing system including a plurality or fleet of hydraulic fracturing units 102.
One or more of the GTEs 106 may be configured to routinely operate using a supply of

primary fuel supplied by a primary fuel source 108. The operation of the hydraulic
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fracturing units 102 including the GTEs 106 may be controlled via the controller 116. In
some examples, the hydraulic fracturing units 102 and/or GTEs 106 may be semi-
autonomously or fully-autonomously controlled via the controller 116. The controller 116
may include memory that contains computer-executable instructions capable of receiving
signals from one or more of the primary sensors 110 and/or one or more of the secondary
sensors 114 associated with each of the hydraulic fracturing units 102.

[0046] For example, one or more of the primary sensors 110 may generate one or
more signals indicative that the one or more of the primary fuel sources 108 is not
supplying a sufficient amount of primary fuel to operate one or more of the GTEs 106 at
a desired output. In some examples, this may be an indication that the fuel pressure or
fuel flow rate to one or more of the GTEs 106 is insufficient. For example, the one or
more signals may provide an indication that the fuel pressure associated with one or more
of the GTEs 106 falls below aset point (e.g., a previously defined set point). For example,
if the fuel pressure of the supply of primary fuel for normal operation at a desired output
is 250 pounds per square inch gauge (psig), and the fuel pressure drops below a low-end
set point of, for example, 180 psig, the primary sensor 110 may be configured to generate
one or more signals providing an indication of the low fuel pressure condition, and based
at least in part on the one or more signals, the controller 116 may be configured to
determine the low fuel pressure condition and generate an alarm indicating the low fuel
pressure condition. In some examples, the controller 116 may be configured to initiate a
timer and increase a data sampling rate associated with sensor data received from one
or more of the primary sensors 110 and/or one or more of the secondary sensors 114
associated with one or more of the GTEs 106 experiencing a lower fuel pressure than
required to operate at the desired output. For example, if the normal data sampling rate
for data from the primary sensors 110 and/or the secondary sensors 114 is 500
milliseconds, the data sampling rate may be increased to 250 milliseconds after receipt
of a signal providing an indication that the fuel pressure is below the low-end set point.

In some examples, the data sampling rate may be increased by a factor of, for example,
15,2, 3,4,0r5.
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[0047] In some examples, indication of fuel pressure falling below the low-end set
point may be based on a primary fuel pressure process. For example, the primary
pressure data from the primary sensors 110 may be collected and sub-divided into two
sample blocks. In some examples, the sampling rate increase, as described above, may
be implemented when two consecutive sample blocks meet any one of the following
criteria: 60% of the sample blocks drop a predetermined amount X below the low-end set
point, or 40% of the sample blocks drop Y psi below the low-end set point. The values
provided above are examples, and other values are contemplated. Actual values of
sample blocks as well as the values of X and Y may be determined based on field testing
or by other empirical and/or theoretical (e.g., mathematical) methods. In some examples,
the threshold (or set-point) may be configurable via revisions of the control system logic

and function blocks within the logic.

[0048] If the fuel pressure of primary fuel, as indicated by one or more of the
primary sensors 110, remains below the low-end set point after the timer has reached a
predetermined end time, the controller 116 may be configured to identify the hydraulic
fracturing unit 102 having the greatest supply of secondary fuel (e.g., the greatest supply
of diesel fuel) in its associated secondary fuel supply 112 (e.g., fuel tank). This
identification may be performed based at least partially on input from the secondary
sensors 114, which may be configured to indicate a level or volume of secondary fuel in
a respective secondary fuel supply 112. In some examples, once the controller 116
identifies the hydraulic fracturing unit 102 having the greatest amount of secondary fuel
in its associated secondary fuel supply 112, the controller 116 may inhibit flow
communication (or cease flow communication) between the primary fuel source 108 and
the GTE 106 associated with the primary sensor 110 indicating insufficient fuel pressure
and in some instances, cause secondary fuel in the secondary fuel supply 112 associated
with the GTE 106 to be supplied to the GTE 106 to supplement or replace the primary
fuel supplied to the GTE 106, such that the GTE 106 may operate at the desired output
using the secondary fuel in place of the primary fuel. In some examples, the controller

116 may be configured to perform this process semi- or fully-autonomously.
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[0049] In some examples, the controller 116 may be configured to determine
whether any of the remaining GTEs 106 are being supplied with primary fuel at an
insufficient level (e.g., at an insufficient fuel pressure) associated with the remaining GTEs
106 of the remaining hydraulic fracturing units 102 of the plurality or fleet of hydraulic
fracturing units 102. In some examples, the above-outlined example process may be
repeated for one or more (e.g., all) of the remaining hydraulic fracturing units 102. In a
fracturing system including a plurality of hydraulic fracturing units 102, if the pressure of
the primary fuel supplied to the hydraulic fracturing units 102 remains below the
designated set point for more than one hydraulic fracturing unit 102 after the first hydraulic
fracturing unit 102 has been switched from an operation using primary fuel to an operation
using secondary fuel, the remaining hydraulic fracturing units 102 having the greatest
amount of secondary fuel remaining in the respective secondary fuel supply 112 will be
switched (e.g., via the controller 116) from operation using primary fuel to operation using
secondary fuel. In some examples, if more than 50% of the hydraulic fracturing units 102
are operating using secondary fuel, the controller 116 and/or the associated remote
terminal units 118 may be configured to cause one or more of the hydraulic fracturing
units 102 to cycle through operating using secondary fuel to maintain the desired level of
output, for example, until the secondary fuel supplies 112 reach a point at which the level
of secondary fuel remaining in the respective secondary fuel supply 112 falls to, for
example, 10% or less of the capacity of a fuel tank containing the secondary fuel supply
112. At this point, in some examples, the controller 116 may be configured to discontinue
operation of all the hydraulic fracturing units 102 operating using secondary fuel, such
that only hydraulic fracturing units 102 operating using primary fuel remain operating.

[0050] In some examples, once a hydraulic fracturing unit 102 is switched to
operation using secondary fuel, the hydraulic fracturing unit 102 may remain operating
using secondary fuel, for example, until one of the following two conditions are met: (1)
the hydraulic fracturing unit 102 has used more than a predetermined amount its
secondary fuel supply 112, or (2) the fuel pressure of the primary fuel returns to a desired
operating pressure (e.g., a fuel pressure above the low-end set point). When the first

condition is determined by the controller 116, the controller 116 may be configured to
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switch operation of a different one or more of the hydraulic fracturing units 102 from
operation using primary fuel to operation using secondary fuel and switch the initial
hydraulic fracturing unit 102 from operation using secondary fuel to operation using
primary fuel. For example, the predetermined amount may be, for example, 30% capacity
or less, 25% capacity or less, 20% capacity or less, or 15% or less capacity. When the
second condition is determined by the controller 116, the controller 116 may receive one
or more signals from a corresponding primary sensor 110 indicating that the fuel pressure
of primary fuel supplied to the hydraulic fracturing unit 102 is above a high set point. In
some such instances, the controller 116 may be configured to initiate a second timer, and
when the fuel pressure of primary fuel continues to be above the high set point after the
second timer has elapsed, the controller 116 may be configured to cause the hydraulic
fracturing unit 102 to operate using the primary fuel from the primary fuel source 108
instead of operating using secondary fuel from the corresponding secondary fuel supply
112. The controller 116 may be configured to thereafter return the data sampling rate to
the original data sampling rate used when primary fuel is supplied from the primary fuel
source 108, for example, during standard operation.

[0051] In some examples, for the hydraulic fracturing units 102 operating using
secondary fuel, the controller 116 may be configured to monitor secondary fuel levels of
the corresponding secondary fuel supplies. When the controller 116 receives a signal
indicating that the secondary fuel level in the corresponding secondary fuel supply is
below a minimum secondary fuel level set point, the controller 116 may be configured to
cause the hydraulic fracturing unit 102 to cease operation.

[0052] Similarly, in some examples, the controller 116 may be configured to
determine, based at least in part on a primary signal received from one or more of the
primary sensors 110, that the primary fuel source 108 is supplying an insufficient amount
of primary fuel to operate one of the plurality of GTEs 106, or more of the GTEs 106, at
the desired output (e.g., full capacity output). For example, a primary sensor 110
associated with one or more of the plurality of GTEs 106 (e.g., a primary sensor 110
associated with each of the GTEs 106) may be configured to generate a primary signal

indicative of an ability of a primary fuel source 108 to supply an amount of primary fuel
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sufficient to operate the plurality of GTEs 106 (e.g., each of the GTEs 106) at a desired
output may generate one or more signals indicative of a fuel pressure, and the controller
116 may receive the one or more signals and determine whether the fuel pressure has
fallen below a predetermined set point, which may correspond to a previously determined
supply pressure consistent with an inability of one or more of the GTEs 106 to operate at
a desired output using the primary fuel from the primary fuel source 108.

[0053] The controller 116, in some examples, may be configured to further
determine, based at least in part on secondary signals generated by the secondary
sensors 114 indicative of an amount of secondary fuel available from the secondary fuel
supplies 112 associated with each of the plurality of GTEs 106, that the amount of
secondary fuel available from a first one of the secondary fuel supplies 112 associated
with a first of the plurality of GTEs 106 is greater than an amount of secondary fuel
available from each of a remainder of the secondary fuel supplies 112 associated with a
remainder of the plurality of GTEs 106. For example, a plurality of secondary sensors
114, each of which is associated with one of the plurality of GTEs 106, may be configured
to generate a secondary signal indicative of an amount of secondary fuel available from
a secondary fuel supply 112 associated with each of the plurality of GTEs 106. The
secondary sensors 114 may generate the one or more secondary signals, and the
controller 116 may be configured to receive the secondary signals and determine or
identify, based at least in part on the secondary signals, that a first one of the secondary
fuel supplies 114 associated with a corresponding first one of the plurality of GTEs 106,
has a greater amount of secondary fuel available than the remaining secondary fuel
supplies 114 associated with each of the other remaining GTEs 106.

[0054] In some examples, under such circumstances, the controller 116 may be
configured to cause a primary valve 506 (see FIG. 5) of the plurality of primary valves 506
to inhibit flow communication between the primary fuel source 108 and the first of the
plurality of GTEs 106. For example, each of a plurality of primary valves 506 may be
provided and configured to control flow communication between the primary fuel source
108 and one of the plurality of GTEs 106. The controller 116 may communicate with one

or more primary valves 106 associated with the first GTE 106 and cause the one or more
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primary valves 506 to close, thereby inhibiting or shutting-off flow communication between
the primary fuel source 108 and the first GTE 106. In some examples, this may be
performed gradually, for example, as explained below. In some examples, the GTE fuel
manifold 501 may begin switching to operation using the secondary fuel prior to the one
or more primary valves 506 closing. For example, secondary fuel from the secondary
fuel supply 112 may already be in flow communication with the GTE fuel manifold 501,
and the GTE fuel manifold 501 may be configured to begin switching to using secondary

fuel prior to the one or more primary valves 506 closing.

[0055] The controller 116 may also be configured to cause a supply of secondary
fuel from a first secondary fuel supply 112 associated with the first GTE 106 to supply
secondary fuel to the first GTE 106. For example, the controller 116 may communicate
with a pump 508 (see FIG. 5) configured to pump the secondary fuel from a secondary
fuel supply 112 associated with the first GTE 106, and cause the pump 508 to operate by
activating the pump 508. In some examples, the controller 116 may also communicate
with a secondary valve 510 (see FIG. 5) configured to control flow communication
between the secondary fuel supply 112 and the first GTE 106, and cause the secondary
valve 510 to open, thereby permitting secondary fuel to be supplied to the first GTE 106.
This may be performed gradually, for example, before and/or during closing of the primary
valve 506, which results in switching operation of the first GTE 106 from primary fuel to
secondary fuel. In some examples, this may be performed prior to, concurrently,
substantially simultaneously, and/or following shutting-off flow of the primary fuel to the
first GTE 106.

[0056] After causing the primary valve 506 to inhibit flow communication between
the primary fuel source 108 and the first of the GTEs 106, based at least in part on the
primary signal, the controller 116 may be configured to determine whether the primary
fuel source 108 is supplying a sufficient amount of the primary fuel to operate the
remainder of the plurality of GTEs 106 at the desired output (e.g., at full capacity of each
of the GTEs 106). In some examples, this may include the controller 116 receiving
primary signals from one or more of the primary sensors 110 (e.g., all of the primary

sensors 110 associated with each of the remaining GTEs 106) and determining whether
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any of the remaining GTEs 106 are receiving insufficient primary fuel to operate at the
desired output. In some examples, one or more of such primary signals may be indicative
of an insufficient fuel pressure.

[0057] In some examples, if the controller 116 determines that the primary fuel
source 108 is not supplying a sufficient amount of the primary fuel to operate the
remainder of the plurality of GTEs 106 at the desired output, the controller 116 may be
configured to determine, based at least in part on the secondary signals from the
secondary sensors 114, that the amount of secondary fuel available from a second
secondary fuel supply 112 associated with a second of the plurality of GTEs 106 is greater
than an amount of secondary fuel available from each of a second remainder of the
secondary fuel supplies 112 associated with a second remainder of the GTEs 106. For
example, the controller 116 may determine whether, after switching the first GTE 106 to
operation using secondary fuel from its associated secondary fuel supply 112, any of the
remaining GTEs 106 are receiving insufficient primary fuel to operate at the desired
output. In some instances, switching the first GTE 106 to the secondary fuel may result
in the remaining GTEs 106 receiving sufficient fuel to operate at the desired output.
However, if one or more of the remaining GTEs 106 are not receiving sufficient primary
fuel to operate at the desired output (e.g., the fuel pressure drops below the low-end set
point), the controller 116 may be configured to determine, based at least in part on the
primary signals received from the primary sensors 110 associated with the remaining
GTEs 106, that one or more of the remaining GTEs 106 is receiving insufficient primary
fuel from the primary fuel source 108 to operate at the desired output.

[0058] In some such examples, the controller 116 may be configured to cause a
primary valve 506 of the plurality of primary valves 506 to inhibit flow communication
between the primary fuel source 108 and the second of the plurality of GTEs 106. For
example, the controller 116 may communicate with one or more primary valves 506
associated with the second GTE 106 and cause the one or more primary valves 506 to
close, thereby inhibiting or shutting-off flow communication between the primary fuel
source 108 and the second GTE 106. In some examples, this may be performed

gradually.
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[0059] The controller 116 may also be configured to cause supply of secondary
fuel from the second secondary fuel supply 112 to the second GTE 106. For example,
the controller 116 may communicate with the pump 508 configured to pump the
secondary fuel from a secondary fuel supply 112 associated with the second GTE 106
and cause the pump 508 to operate by activating the pump 508. In some examples, the
controller 116 may also communicate with a secondary valve 510 configured to control
flow communication between the secondary fuel supply 112 and the second GTE 106,
and cause the secondary valve 510 to open, thereby permitting secondary fuel to be
supplied to the second GTE 106. This may be performed gradually. In some examples,
this may be performed prior to, concurrently, substantially simultaneously, and/or

following shutting-off flow of the primary fuel to the second GTE 106.

[0060] In some examples, this process may be repeated, for example, until the
controller 116 determines that the primary fuel source 108 is providing sufficient fuel to
operate the remaining GTEs 106 still operating using the primary fuel at the desired output
(e.g., at full capacity). In some examples, it may be desirable to operate as many of the
GTEs 106 as possible using the primary fuel, and thus, the controller 116 may be
configured to individually and sequentially switch the GTEs 106 from operation using
primary fuel to operation using secondary fuel, until the primary fuel source 108 is capable
of supplying a sufficient amount of primary fuel to the GTEs 106 to operate at the
respective desired output levels, with the remainder of the GTEs 106 operating using the
secondary fuel supplied by their respective secondary fuel supplies 112. By switching
GTEs 106 having the greatest amount of secondary fuel available in their respective
secondary fuel supplies 112 to operate using secondary fuel, the duration of uninterrupted

operation of the plurality of GTEs 106 may be increased and/or maximized.

[0061] In some examples, the controller 116 may be configured to continue to
monitor operation of the GTEs 106, for example, at the original data sampling rate and/or
at the increased data sampling rate, and determine when the primary fuel source 108 has
sufficient capacity to operate the remainder of the plurality of GTEs 106 at the desired
output, wait a period of time (e.g., five minutes, ten minutes, or fifteen or more minutes)

after the determination, and determine whether (1) the primary fuel source 108 continues
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to supply a sufficient amount of the primary fuel to operate the remainder of the plurality
of GTEs 106 at the desired output, or (2) the primary fuel source 106 has insufficient
capacity to operate the remainder of the plurality of GTEs 106 at the desired output. In

some examples, the controller 116 may continue to receive the primary signals generated
by the primary sensors 110 and make these determinations.

[0062] If the controller 116 determines that the primary fuel source 108 continues
to supply a sufficient amount of the primary fuel to operate the remainder of the plurality
of GTEs 106 at the desired output the controller 116 may also be configured to cease
supply of secondary fuel from the first secondary fuel supply 112 to the first GTE 106. In
some examples, the controller 116 may check to determine whether the primary fuel
source 108 has increased its output to return to operating the first GTE 106 using primary
fuel from the primary fuel source 108. If so, the controller 116 may cause the primary
valve 506 of the plurality of primary valves 506 to allow flow communication between the
primary fuel source 108 and the first GTE 108, for example, such that the first GTE 106
is returned to operation using primary fuel supplied by the primary fuel source 108. In
some examples, this process may be repeated for each GTE 106 that has been switched
to operation using secondary fuel to see if one or more of such GTEs 106 may be returned
to operation using primary fuel.

[0063] In some examples, it the controller 116 determines that the primary fuel
source 108 has insufficient capacity to operate the remainder of the plurality of GTEs 106
at the desired output, the controller 116 may be configured to further determine, based at
least in part on the secondary signals from the secondary sensors 114, that the amount
of secondary fuel available from a second secondary fuel supply 112 associated with a
second of the plurality of GTEs 106 is greater than an amount of secondary fuel available
from each of a second remainder of the secondary fuel supplies 112 associated with a
second remainder of GTEs 106. For example, the controller 116 may determine whether,
after switching the first GTE 106 to operation using secondary fuel from its associated
secondary fuel supply 112, any of the remaining GTEs 106 are receiving insufficient
primary fuel. In some instances, switching the first GTE 106 to the secondary fuel may

result in the remaining GTEs 106 receiving sufficient fuel to operate at the desired output.
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However, if one or more of the remaining GTEs 106 are not receiving sufficient primary
fuel to operate at the desired output (e.g., the fuel pressure drops below a low-end set
point), the controller 116 may be configured to determine, based at least in part on the
primary signals received from the primary sensors 110 associated with the remaining
GTEs 106, that one or more of the remaining GTEs 106 is receiving insufficient primary

fuel from the primary fuel source 108 to operate at the desired output.

[0064] In some examples, if the controller 116 determines that the primary fuel
source 108 has insufficient capacity to operate the remainder of the plurality of GTEs 106
at the desired output, the controller 116 may be configured to cause a primary valve 506
associated with the second GTE 106 to inhibit (e.g., shut-off) flow communication
between the primary fuel source 108 and a second GTE of the plurality of GTEs 106, for
example, in a manner at least similar to that described above.

[0065] The controller 116 may also be configured to cause supply of secondary
fuel from the second secondary fuel supply 112 to the second GTE 106, for example, in
a manner at least similar to that described above. In some examples, the controller 116
may be configured to make a new determination about whether the primary fuel source
108 is providing a sufficient amount of fuel to all the GTEs 106 operating using primary

fuel.

[0066] In this example manner, the controller 116 may determine that one or more
of the GTEs 106 is not receiving a sufficient amount of primary fuel from the primary fuel
source 108 to operate at the desired output. The controller 116 may also identify a GTE
106 from the plurality of GTEs 106 that has the greatest amount of secondary fuel
available in its respective secondary fuel supply 112 to operate its associated GTE 106,
and switch operation of the identified GTE 106 from primary fuel to the secondary fuel
supplied by its associated secondary fuel supply 112. Thereafter, the controller 116 may
determine whether, following the switch and optionally waiting a period of time, any of the
remaining GTEs 106 have insufficient primary fuel to operate at the desired output. If so,
the controller 116 may identify an additional GTE 106, from among the remaining GTEs
106 operating on primary fuel, having the greatest amount of secondary fuel available in

its respective secondary fuel supply 112, and switch operation of the identified additional
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GTE 106 from primary fuel to the secondary fuel. This may continue until all the remaining
GTEs 106 that have not been switched to operation using secondary fuel are operable at
the desired output using the primary fuel. Once all the remaining GTEs 106 are operable
at the desired output using the primary fuel, the controller 116 may individually and/or
sequentially restore operation of the GTEs 106 from operation using secondary fuel to
operation using primary fuel, so long as the primary fuel source 108 supplies sufficient
primary fuel to operate the restored GTEs 106. For example, after each of the GTEs 106
are restored to operation using primary fuel, the controller 116 may determine whether
the GTEs 106 operating using primary fuel are all receiving a sufficient amount of primary
fuel to operate at the desired output. If so, the controller 116 may restore an additional
GTE 106 back to operation using primary fuel and determine again whether the GTEs
106 operating using primary fuel are all receiving a sufficient amount of primary fuel to
operate at the desired output. In some examples, so long as the GTEs 106 operating
using primary fuel continue receiving a sufficient amount of primary fuel to operate at the
desired output, the controller 116 may continue to restore GTEs 106 back to operation
using the primary fuel, or until all the GTEs 106 are operating using the primary fuel. If,
on the other hand, the controller 116 determines that less than all the GTEs 106 are
operable using the primary fuel, it may cause operation of as few of the GTEs 106 as
possible using the secondary fuel, for example, until the supply of primary fuel is sufficient
to operate all the GTEs 106 using the primary fuel.

[0067] In yet another example, the controller 116 may be configured to determine
that one or more of the GTEs 106 is receiving insufficient primary fuel from the primary
fuel source 108 and switch operation of at least some (e.g., all) of the GTEs 106 to
operation using secondary fuel supplied by the respective secondary fuel sources 114,
and thereafter, restore operation of the GTEs 106 to primary fuel, for example, as outlined
below, and/or manage operation of the GTEs 106 using a combination of primary fuel and
secondary fuel. In some examples, the controller 116 may be configured to perform this
semi- or fully-autonomously. In some examples, one or more of the plurality of GTEs 106

may be coupled to a pump 104 of a hydraulic fracturing unit 102, and a plurality of the
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hydraulic fracturing units 102 may be incorporated into a hydraulic fracturing system 100

for fracturing a subterranean formation.

[0068] For example, the controller 116 may be configured to determine, based at
least in part on one or more primary signals, that the primary fuel source 108 does not
have an ability to supply an amount of primary fuel sufficient to operate the all of the
plurality of GTEs 106 at the desired output (e.g., full capacity). For example, the controller
116 may receive the one or more primary signals and determine whether the fuel pressure
has fallen below a predetermined low-end set point, which may correspond to a previously
determined supply pressure consistent with an inability of one or more of the GTEs 106

to operate at a desired output using the primary fuel from the primary fuel source.

[0069] In some such examples, the controller 116 may be configured to cause one
or more primary valves 506 and/or 506' (see FIG. 5) configured to control flow
communication between the primary fuel source 108 and the plurality of GTEs 106 to
inhibit or shut-off flow communication between the primary fuel source 108 and the
plurality of GTEs 106 (e.g., inhibit or shut-off flow of primary fuel to all the GTEs 106). For
example, a plurality of primary valves 506 may be provided and configured to control flow
communication between the primary fuel source 108 and each of respective ones of the
plurality of GTEs 106. The controller 116 may communicate with one or more of the
primary valves 506 and cause the one or more primary valves 506 to close, thereby
inhibiting or shutting-off flow communication between the primary fuel source 108 and
each of the GTEs 106. In some examples, this may be performed gradually as described

previously herein.

[0070] The controller 116, in some examples, may also be configured to cause
supply of secondary fuel from a plurality of secondary fuel supplies 112 to each of the
plurality of GTEs 106, where each of the plurality of secondary fuel supplies 112 is
associated with one of the plurality of GTEs 106. For example, the controller 116 may
communicate with one or more pumps 508 (see FIG. 5) configured to pump secondary
fuel from each of a plurality of secondary fuel supplies 112, each associated with one of
the plurality of GTEs 106 and cause the pump(s) 508 to operate to supply secondary fuel

to each of the GTEs 106. In some examples, the controller 116 may also communicate
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with a plurality of secondary valves 510 (see FIG. 5) configured to control flow
communication between the respective secondary fuel supplies 112 and the respective
GTEs 106, and cause the secondary valves 510 to open, thereby permitting secondary
fuel to be supplied to each of the GTEs 106 from the respective secondary fuel supplies
112. This may be performed gradually as described previously herein. In some
examples, this may be performed prior to, concurrently, substantially simultaneously,
and/or following shutting-off flow of the primary fuel to the GTEs 106. Thereafter, in some
examples, at least for a period of time (e.g., five minutes, ten minutes, or fifteen or more
minutes), the controller 116 cause operation of the plurality of GTEs 106 at the desired

output (e.g., full capacity) using the secondary fuel.

[0071] In some examples, the controller 116 may be further configured to cause
flow communication between the primary fuel source 108 and one or more of the plurality
of GTEs 106. For example, the controller 116 may be configured to individually and/or
sequentially cause the GTEs 106 to switch from operation using the secondary fuel to
operation using the primary fuel from the primary fuel source 108. This may include
communicating with the pump 508 and in some examples, the secondary valve 510,
associated with one of the GTEs 106 to cease supply of the secondary fuel to the GTE
106. This may also include opening the primary valve 506 associated with the GTE 106
to restore flow communication between the primary fuel source 108 and the GTE 106,

and operating the GTE 106 using the primary fuel.

[0072] The controller 116 in some examples may also be configured to determine,
based at least in part on one or more of the primary signals, whether the primary fuel
source 108 has an ability to supply an amount of primary fuel sufficient to operate the
GTE 106 restored to operation using the primary fuel at the desired output. For example,
after restoration of supply of primary fuel to the GTE 106, the controller 116 may be
configured to receive one or more primary signals from a primary sensor 110 associated
with the GTE 106 and, based at least in part on the one or more primary signals,
determine whether the primary fuel source 108 is able to supply a sufficient amount of
fuel (e.g., the fuel pressure is above a low-end set point) to operate the GTE 106 at the

desired output.
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[0073] The controller 116 may be configured to thereafter, based at least in part on
determining that the primary fuel source 108 has an ability to supply an amount of primary
fuel sufficient to operate the one GTE 106 at the desired output, cause flow
communication between the primary fuel source 108 and one or more additional GTEs
106 of the plurality of GTEs 106. For example, the controller 116 may be configured to
individually and/or sequentially restore supply of the primary fuel to additional GTEs 106

of the plurality of GTEs 106, for example, in a manner at least similar to described above.

[0074] The controller 116 may also be configured to, based at least in part on one
or more primary signals, determine whether the primary fuel source 108 has an ability to
supply an amount of primary fuel sufficient to operate the GTEs 106 that have been
restored to operation using the primary fuel source 108 at the desired output. For
example, after restoring supply of the primary fuel to each of the additional GTEs 106, the
controller 116 may be configured to determine whether the primary fuel source 108 has
an ability to supply an amount of primary fuel sufficient to operate each of the GTEs 106
to which operation using the primary fuel has been restored, for example, in a manner at
least similar to described above. Thus, in some examples, the controller 116 may be
configured to return operation of GTEs 106 using secondary fuel to operation using
primary fuel until the controller 116 determines that the primary fuel source 108 is unable
to supply a sufficient amount of primary fuel to operate all the restored GTEs 106 at the

desired output.

[0075] For example, the controller 116 be configured to cause sequential
restoration of flow communication between the primary fuel source 108 and each of the
plurality of GTEs 106, until the controller 116 determines, based at least in part on one or
more primary signals from the primary sensors 110, that the primary fuel source 108 lacks
the ability to supply an amount of primary fuel sufficient to operate at the desired output
(e.g., at substantially full capacity) a portion (e.g., all) of the plurality of GTEs 106 to which
flow communication with the primary fuel source has been restored. For example, the
controller 116 may receive a plurality of primary signals from the primary sensors
associated with each of the GTEs 106 to which operation using the primary fuel has been

restored and determine whether the primary fuel source is able to supply a sufficient

30

Date Recgue/Date Received 2020-09-10



amount of the primary fuel to the restored GTEs 106 to operate the restored GTEs 106
at the desired output. In some examples, this may be repeated until either (1) the
controller 116 determines that the primary fuel source 108 lacks the ability to supply an
amount of primary fuel sufficient to operate the restored GTEs 106 at the desired output,
or (2) all the GTEs 106 have been restored to operation using primary fuel from the
primary fuel source 108. If (1), the controller 116 may continue to operate at least a
subset of the GTEs 106 still operating using secondary fuel from the one or more
corresponding secondary fuel supplies 112, for example, as described in more detail
below. If (2), the controller 116 may be configured to determine whether the primary fuel
source 108 is able to supply an amount of primary fuel sufficient to operate all the plurality
of GTEs 106 at the desired output.

[0076] In some examples, the controller 116 may be configured to manage flow
communication between the primary fuel source 108 and each of the plurality of GTEs
106, for example, such that a first portion of the plurality of GTEs 106 are supplied with
primary fuel from the primary fuel source 108 and a second portion of the plurality of GTEs
106 are supplied with secondary fuel from a portion of the plurality of secondary fuel
supplies 112 associated with each of the second portion of the GTEs 106, such that the
plurality of GTEs 106 are operated at the desired output. For example, the controller 116
may be configured to restore operation of a portion of the GTEs 106 using the primary
fuel, while maintaining operation of the remainder of the GTEs 106 using the secondary
fuel from the respective secondary fuel supplies 112.

[0077] In some examples, the controller 116 may be configured to periodically
cause: (1) a first subset of the first portion of the plurality of GTEs 106 to switch from using
primary fuel from the primary fuel source 108 to each using secondary fuel from the
secondary fuel supply 112 associated with each of the plurality of the first subset of GTEs
106. The controller 116 may be configured to further cause a second subset of the
second portion of the plurality of GTEs 106 to switch from using secondary fuel from the
secondary fuel supply 112 associated with each of the plurality of the second subset of
GTEs 106 to operation using primary fuel from the primary fuel source 108. In some

examples, the number of the plurality of GTEs 106 in the first subset may equal the
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number of the plurality of the GTEs 106 in the second subset. In some examples, the
first portion of the plurality of GTEs 106 and the second portion of the plurality of GTEs
106 may include all of the plurality of GTEs 106.

[0078] The controller 116, in some examples, may be configured to further include
waiting a period of time, such as, for example, five minutes, ten minutes, fifteen minutes,
or more. For example, the controller 116 may initiate a clock to wait a period of time
before taking further action. Thereafter, the controller 116 may be configured to cause at
least some (e.g., all) of the first subset of GTEs 106 to switch from operation using
secondary fuel to operation using primary fuel, and cause an equal number of the second
subset of GTEs 106 to switch from operation using primary fuel to operation using

secondary fuel, for example, as previously described herein.

[0079] Thereafter, the controller 116 may be configured to further cause another
subset of the first portion of the plurality of GTEs 106 to switch operation using primary
fuel to operation using secondary fuel. The controller 116 may cause this action, for
example, as previously described herein. The controller 116 may also be configured to
cause another subset of the second portion of the plurality of GTEs 106 to switch from
operation using secondary fuel to operation using primary fuel. Similar to above, the
controller 116 may cause waiting a period of time, such as, for example, five minutes, ten
minutes, fifteen minutes, or more, by initiating a clock to wait the period of time before

taking further action.

[0080] In some examples, the controller 116 may be configured to cause repeat of
the above-noted operations, for example, such that different subsets of the GTEs 106
alternate between operation using primary fuel and operation using secondary fuel. For
example, once the number (e.g., the maximum number) of the plurality of GTEs 106 that
may be supplied with the primary fuel for operation at the desired output has been
determined and/or the number of GTEs 106 that must be operated using the secondary
fuel while all the GTEs 106 are operated at the desired output, the type of fuel (e.g., the
primary fuel or the secondary fuel) used by the GTEs 106 may be periodically switched,
for example, according to a routine that switches some GTEs 106 operating using the

primary fuel to operating using the secondary fuel, and switching some GTEs 106
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operating using the secondary fuel to operating using the primary fuel. In some examples,
the number of GTEs 106 being switched between operation using the different types of
fuel may be equal. For example, if two GTEs 106 operating using primary fuel are
switched to operation using secondary fuel, two GTEs 106 operating using secondary
fuel may be switched to operation using primary fuel. In some examples, such switching
may occur following a predetermined amount of time (e.g., five minutes, ten minutes, or
fifteen or more minutes). In some examples, such switching may occur such that most,
or all, of the GTEs 106 are switched between operation using the two types of fuel, for
example, according to a repeating schedule. In some examples, this may result in less
wear on the GTEs 106, for example, if the GTEs operate more efficiently, with higher
output, and/or with less wear, operating using the primary fuel relative to operation using
the secondary fuel.

[0081] In some examples, the controller 116 may be configured to manage flow
communication between the primary fuel source 108 and each of the plurality of GTEs
106, until the controller 116 determines, based at least in part on one or more primary
signals, that the primary fuel source 108 is supplying sufficient primary fuel to operate all
of the plurality of GTEs 106 at the desired output. For example, the controller 116 may
receive the primary signals and determine that it is possible to operate all of the GTEs
106 using the primary fuel, and at such time, the controller 116 may cause all the GTEs
106 to operate using the primary fuel. For example, a cause preventing the primary fuel
source 108 from supplying a sufficient amount of primary fuel to operate all the GTEs 106
using the primary fuel may be identified and mitigated and/or eliminated. For example, a
source of the primary fuel may restore sufficient primary fuel and/or pressure to the
system for the system to operate solely using primary fuel, and/or a compromised fuel
filter 504 preventing sufficient fuel pressure and/or flow may be cleaned or replaced, thus
correcting a problem preventing a sufficient amount of primary fuel from being supplied

to the GTEs 106 to operate them all simultaneously at the desired output.

[0082] FIGS. 6, 7A, 7B, 8A, and 8B are a block diagrams of example methods for
controlling supply of fuel to a plurality of GTEs according to embodiments of the disclosure

illustrated as a collection of blocks in a logical flow graph, which represent a sequence of
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operations that may be implemented in hardware, software, or a combination thereof. In
the context of software, the blocks represent computer-executable instructions stored on
one or more computer-readable storage media that, when executed by one or more
processors, perform the recited operations. Generally, computer-executable instructions
include routines, programs, objects, components, data structures, and the like that
perform particular functions or implement particular data types. The order in which the
operations are described is not intended to be construed as a limitation, and any number
of the described blocks can be combined in any order and/or in parallel to implement the
methods.

[0083] FIG. 6 is a flow diagram of an example method 600 for controlling fuel
supply to a plurality or fleet of GTEs associated with pumps in a hydraulic fracturing
system according to embodiments of the disclosure. In some examples, the method 600
may be performed semi- or fully-autonomously. The method 600 may be utilized in
association with various systems, such as, for example, the systems 100, 200, 300, 400,
and/or 500 illustrated in FIGS. 1, 2, 3, 4, and/or 5.

[0084] The example method 600, at 602, may include receiving a signal indicating
that supply pressure of primary fuel supplied to one or more GTEs connected to a pump
of a plurality of pumps falls below a set point. For example, a primary sensor may
generate one or more signals indicative of the supply pressure, and a controller may
receive the one or more signals and determine whether the supply pressure has fallen
below a predetermined set point, which may correspond to a previously determined
supply pressure consistent with an inability of one or more of the GTEs to operate at a
desired output (e.g., at full capacity) using the primary fuel.

[0085] The example method 600, at 604, may further include initiating a timer and
increasing a data sampling rate associated with the plurality GTEs, for example, based
at least in part on the signal. For example, if under normal operating conditions the
controller samples data at a first sampling rate, the controller may start a timer and sample
the data at a faster sampling rate, for example, as described previously herein.
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[0086] The example method 600, at 606, may also include, when the supply
pressure of primary fuel to the one or more GTEs remains below the set point when the
timer reaches a predetermined end time, identifying a GTE of the plurality of GTEs having
a greatest amount of a secondary fuel available. For example, a secondary sensor
associated with each of the GTEs may be configured to generate one or more signals
indicative of an amount of secondary fuel available to each of the GTEs from a secondary
fuel supply associated with each of the GTEs. The controller may receive the signals and
identify the GTE corresponding to the secondary fuel supply having the greatest amount

of secondary fuel from among all of the secondary fuel supplies.

[0087] At 608, the example method 600 may further include causing supply of the
secondary fuel to the identified GTE in place of at least some of the primary fuel (e.g., all
of the primary fuel) supplied to the identified GTE. For example, the controller may
communicate with one or more primary valves associated with the identified GTE and
cause the one or more primary valves to close, thereby shutting-off flow communication
between the primary fuel source and the identified GTE. In some examples, this may be
performed gradually. The controller may also cause secondary fuel from the secondary
fuel supply associated with the identified GTE to be supplied to the identified GTE. For
example, the controller may communicate with a pump configured to pump the secondary
fuel from the secondary fuel supply to the identified GTE and cause the pump to operate.
In some examples, the controller may also communicate with a secondary valve
configured to control flow communication between the secondary fuel supply and the
identified GTE, and cause the secondary valve to open, thereby permitting secondary fuel
to be supplied to the identified GTE. This may be performed gradually. In some

examples, this may be performed prior to, concurrently, substantially simultaneously,
and/or following shutting-off flow of the primary fuel to the identified GTE.

[0088] In some examples of the method 600, 602 through 608 may be repeated
for one or more of the remaining GTEs of the plurality or fleet of GTEs associated with
the pumps of the hydraulic fracturing system, for example, when the controller determines
that the primary fuel supply is unable to supply an amount of primary fuel to a GTE to
operate the GTE at the desired output.
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[0089] At 610, the example method 600 may also include receiving a second signal
indicating that supply pressure of primary fuel to one or more GTEs rises above a second
set point. For example, one or more of the primary sensors may receive a signal

indicative that the primary fuel source is supplying sufficient fuel pressure to operate the
GTEs using the primary fuel.

[0090] At 612, the example method 600 may further include, based at least in part

on the indication at 610, initiating a second timer.

[0091] At 614, the example method 600 may further include transferring operation
of the one or more GTEs to primary fuel operation, for example, if the supply pressure of
primary fuel to the one or more GTEs remains above the second set point when the
second timer reaches a second predetermined end time. For example, if the controller
receives the one or more signals from the primary sensor associated with the one or more
GTEs, and the one or more signals indicates that supply pressure is greater than the
second set point after monitoring the supply pressure for the predetermined period of
time, it indicates that the primary fuel source is suppling an amount of primary fuel
sufficient to operate the one or more GTEs, and thus, the controller may cause the one
or more GTEs to return to operation using primary fuel from the primary fuel source. This
may include opening the primary valve providing flow communication between the
primary fuel source and the one or more GTEs, and closing a secondary valve between

the secondary fuel supply and the one or more GTEs and/or ceasing operation of a pump
configured to supply the secondary fuel to the one or more GTEs.

[0092] At 616, the example method may further include decreasing the data
sampling rate for the one or more GTEs operating using primary fuel. For example, the

controller may return the sampling to the sampling rate prior to 604 above.

[0093] FIGS. 7A and 7B are a flow diagram of an example method 700 for
supplying fuel to a plurality or fleet of GTEs according to embodiments of the disclosure.
In some examples, the method 700 may be performed semi- or fully-autonomously. The

method 700 may be utilized in association with various systems, such as, for example,
the systems 100, 200, 300, 400, and/or 500 illustrated in FIGS. 1, 2, 3, 4, and/or 5. For
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example, one or more of the plurality of GTEs may be coupled to a pump of a hydraulic
fracturing unit, and a plurality of the hydraulic fracturing units may be incorporated into a

hydraulic fracturing system for fracturing a subterranean formation.

[0094] At 702, the example method 700 may include determining, based at least
in part on a primary signal, that a primary fuel source is supplying an insufficient amount
of primary fuel to operate one or more of the plurality of GTEs at the first output, such as
a desired output associated with operation of the GTE (e.g., full capacity output). For
example, a primary sensor associated with one or more of the plurality of GTEs (e.g., a
primary sensor associated with each of the GTEs) may be configured to generate a
primary signal indicative of an ability of a primary fuel source to supply an amount of
primary fuel sufficient to operate the plurality of GTEs (e.g., each of the GTEs) at a first
output may generate one or more signals indicative of a fuel pressure, and a controller
may receive the one or more signals and determine whether the fuel pressure has fallen
below a predetermined set point, which may correspond to a previously determined
supply pressure consistent with an inability of one or more of the GTEs to operate at a
desired output (e.g., full capacity) using the primary fuel from the primary fuel source.

[0095] At 704, the example method 700 may further include determining, based at
least in part on secondary signals indicative of an amount of secondary fuel available
from a secondary fuel supply associated with each of the plurality of GTEs, that the
amount of secondary fuel available from a first secondary fuel supply associated with a
first of the plurality of GTEs is greater than an amount of secondary fuel available from
each of a remainder of the secondary fuel supplies associated with a remainder of the
plurality of GTEs. For example, a plurality of secondary sensors, each of which is
associated with one of the plurality of GTEs, may be configured to generate a secondary
signal indicative of an amount of secondary fuel available from a secondary fuel supply
associated with each of the plurality of GTEs. The secondary sensors may generate the
one or more secondary signals, and the controller may be configured to receive the
secondary signals and determine or identify, based at least in part on the secondary

signals, that a first one of the secondary fuel supplies associated with a corresponding
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first one of the plurality of GTEs, has a greater amount of secondary fuel available than
the remaining secondary fuel supplies associated with each of the other remaining GTEs.

[0096] The example method 700, at 706, may further include causing a primary
valve of the plurality of primary valves to inhibit flow communication between the primary
fuel source and the first of the plurality of GTEs. For example, each of a plurality of
primary valves may be provided and configured to control flow communication between
the primary fuel source and one of the plurality of GTEs. The controller may communicate
with one or more primary valves associated with the first GTE and cause the one or more
primary valves to close, thereby inhibiting or shutting-off flow communication between the
primary fuel source and the first GTE. In some examples, this may be performed
gradually.

[0097] At 708, the example method 700 may further include causing supply of
secondary fuel from a first secondary fuel supply associated with the first GTE to the first
GTE of the plurality of GTEs. For example, the controller may communicate with a pump
configured to pump the secondary fuel from a secondary fuel supply associated with the
first GTE and cause the pump to operate. In some examples, the controller may also
communicate with a secondary valve configured to control flow communication between
the secondary fuel supply and the first GTE, and cause the secondary valve to open,
thereby permitting secondary fuel to be supplied to the first GTE. This may be performed

gradually. In some examples, this may be performed prior to, concurrently, substantially
simultaneously, and/or following shutting-off flow of the primary fuel to the first GTE.

[0098] The example method 700, at 710, may further include determining, after
causing the primary valve to inhibit flow communication between the primary fuel source
and the first of the GTEs, based at least in part on the primary signal, whether the primary
fuel source is supplying a sufficient amount of the primary fuel to operate the remainder
of the plurality of GTEs at the first output (e.g., at full capacity of each of the GTEs). In
some examples, this may include the controller receiving primary signals from one or
more of the primary sensors (e.g., all of the primary sensors associated with each of the

remaining GTEs) and determining whether any of the remaining GTEs are receiving
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insufficient primary fuel to operate at the desired output. In some examples, one or more

of such primary signals may be indicative of an insufficient fuel pressure.

[0099] At 712, the example method 700 may include, when it has been determined
at 710 that the primary fuel source is not supplying a sufficient amount of the primary fuel
to operate the remainder of the plurality of GTEs at the first output, determining, based at
least in part on the secondary signals, that the amount of secondary fuel available from a
second secondary fuel supply associated with a second of the plurality of GTEs is greater
than an amount of secondary fuel available from each of a second remainder of the
secondary fuel supplies associated with a second remainder of GTEs. For example, the
controller may determine whether, after switching the first GTE to operation using
secondary fuel from its associated secondary fuel supply, any of the remaining GTEs are
receiving insufficient primary fuel. In some instances, switching the first GTE to the
secondary fuel may result in the remaining GTEs receiving sufficient fuel to operate at the
desired output. However, if one or more of the remaining GTEs are not receiving sufficient
primary fuel to operate at the desired output (e.g., the fuel pressure drops below a set
point), the controller may be configured to determine, based at least in part on the primary
signals received from the primary sensors associated with the remaining GTEs, that one
or more of the remaining GTEs is receiving insufficient primary fuel from the primary fuel

source to operate at the desired output.

[0100] At 714, the example method 700 may include causing a primary valve of
the plurality of primary valves to inhibit flow communication between the primary fuel
source and the second of the pluralty of GTEs. For example, the controller may
communicate with one or more primary valves associated with the second GTE and
cause the one or more primary valves to close, thereby inhibiting or shutting-off flow
communication between the primary fuel source and the second GTE. In some

examples, this may be performed gradually.

[0101] At 716, the example method may include causing supply of secondary fuel
from the second secondary fuel supply to the second GTE of the plurality of GTEs. For
example, the controller may communicate with a pump configured to pump the secondary

fuel from a secondary fuel supply associated with the second GTE and cause the pump
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to operate. In some examples, the controller may also communicate with a secondary
valve configured to control flow communication between the secondary fuel supply and
the second GTE, and cause the secondary valve to open, thereby permitting secondary
fuel to be supplied to the second GTE. This may be performed gradually. In some
examples, this may be performed prior to, concurrently, substantially simultaneously,
and/or following shutting-off flow of the primary fuel to the second GTE.

[0102] In some examples of the method 700, one or more of 710 through 716 may
be repeated, for example, until it has been determined that the primary fuel source is
providing sufficient fuel to operate the remaining GTEs still operating using the primary
fuel at the desired output (e.g., at full capacity). In some examples, it may be desirable
to operate as many of the GTEs of the plurality of GTEs as possible using the primary
fuel, and thus, the method may include individually and sequentially switching the GTEs
from operation using primary fuel to operation using secondary fuel, until the primary fuel
source is capable of supplying a sufficient amount of primary fuel to the GTEs still
operating using the primary fuel to operate at the respective desired output levels, with
the rest of the GTEs operating using the secondary fuel supplied by their respective
secondary fuel supplies. By switching GTEs having the greatest amount of secondary
fuel available in their respective secondary fuel supplies to operate using secondary fuel,
the duration of uninterrupted operation of the plurality of GTEs may be increased and/or

maximized.

[0103] As shown in FIG. 7B, the example method 700, at 718, may further include,
when it has been determined at 710 the primary fuel source has sufficient capacity to
operate the remainder of the plurality of gas turbine engines at the first output, waiting a
period of time and determining whether (1) the primary fuel source continues to supply a
sufficient amount of the primary fuel to operate the remainder of the plurality of GTEs at
the first output, or (2) the primary fuel source has insufficient capacity to operate the
remainder of the plurality of GTEs at the first output. In some examples, the controller

may continue to receive the primary signals from the primary sensors and make this
determination.
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[0104] The example method, at 720, may further include, if at 718 it is determined
that the primary fuel source continues to supply a sufficient amount of the primary fuel to
operate the remainder of the plurality of GTEs at the first output, ceasing supply of
secondary fuel from the first secondary fuel supply to the first GTE of the plurality of GTEs.
In some examples, the controller may determine whether the primary fuel has increased
its output to return to operating the first GTE using primary fuel from the primary fuel
source. If so, the controller may cause the primary valve of the plurality of primary valves
to allow flow communication between the primary fuel source and the first GTE, for
example, such that the first GTE is returned to operation using primary fuel supplied by
the primary fuel source. In some examples, the method 700 may repeat 718 for each
GTE that has been switched to operation using secondary fuel to see if one or more of

such GTEs may be returned to operation using primary fuel.

[0105] The example method 700, at 722, may further include, if at 718 it is
determined that the primary fuel source has insufficient capacity to operate the remainder
of the plurality of GTEs at the first output, determining, based at least in part on the
secondary signals, that the amount of secondary fuel available from a second secondary
fuel supply associated with a second of the plurality of GTEs is greater than an amount
of secondary fuel available from each of a second remainder of the secondary fuel
supplies associated with a second remainder of GTEs. For example, the controller may
determine whether, after switching the first GTE to operation using secondary fuel from
its associated secondary fuel supply, any of the remaining GTEs are receiving insufficient
primary fuel. In some instances, switching the first GTE to the secondary fuel may result
in the remaining GTEs receiving sufficient primary fuel to operate at the desired output.
However, if one or more of the remaining GTEs are not receiving sufficient primary fuel
to operate at the desired output (e.g., the fuel pressure drops below a set point), the
controller may be configured to determine, based at least in part on the primary signals
received from the primary sensors associated with the remaining GTEs, that one or more
of the remaining GTEs is receiving insufficient primary fuel from the primary fuel source
to operate at the desired output.
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[0106] The example method 700, at 724, may further include, if at 718 it is
determined that the primary fuel source has insufficient capacity to operate the remainder
of the plurality of GTEs at the first output, causing a primary valve associated with the

second GTE to inhibit (e.g., shut-off) flow communication between the primary fuel source
and a second GTE, for example, in a manner at least similar to 706 above.

[0107] The example method 700, at 726, may further include, causing supply of
secondary fuel from the second secondary fuel supply to the second GTE, for example,
in a manner at least similar to 708 above. In some examples, following 726, the method
700 may return to 718 to make a new determination about whether the primary fuel source

is providing a sufficient amount of fuel to all the GTEs operating using primary fuel.

[0108] In this example manner, the method may include identifying that one or
more of the GTESs is not receiving a sufficient amount of primary fuel from the primary fuel
source to operate at the desired output. The method further may include identifying a
GTE from the plurality of GTEs that has the greatest amount of secondary fuel available
in its respective secondary fuel supply to operate its associated GTE, and switch
operation of the identified GTE from primary fuel to the secondary fuel supplied by its
associated secondary fuel supply. Thereafter, the method may include determining
whether, following the switch and optionally waiting a period of time, any of the remaining
GTEs have insufficient primary fuel to operate at the desired output. If so, the method
may include identifying a GTE, from among the remaining GTEs operating on primary
fuel, having the greatest amount of secondary fuel available in its respective secondary
fuel supply, and switching operation of the identified GTE from primary fuel to the
secondary fuel. This may continue until all the remaining GTEs still operating using
primary fuel are operable at the desired output. Once all the remaining GTEs are
operable at the desired output using the primary fuel, the method may include individually
and sequentially switching operation of the GTEs from operation using secondary fuel to
operation using primary fuel. After each of the GTEs are switched back to operation using
primary fuel, the method may include determining whether the GTEs operating using
primary fuel are all receiving a sufficient amount of primary fuel to operate at the desired

output. If so, the method may include switching an additional GTE back to operation
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using primary fuel and determining again whether the GTEs operating using primary fuel
are all receiving a sufficient amount of primary fuel to operate at the desired output. In
some examples, so long as the GTEs operating using primary fuel continue receiving a
sufficient amount of primary fuel to operate at the desired output, the method may include
continuing to switch GTEs back to operation using the primary fuel, or until all the GTEs
are operating using the primary fuel. If, on the other hand, the method determines that
less than all the GTEs are operable using the primary fuel, the method may include
operating as few of the GTEs as possible using the secondary fuel, for example, until the
supply of primary fuel is sufficient to operate all the GTEs using the primary fuel.

[0109] FIGS. 8A and 8B are a flow diagram of another example method 800 for
supplying fuel to a plurality or fleet of GTEs according to embodiments of the disclosure.
In some examples, the method 800 may be performed semi- or fully-autonomously. The
method 800 may be utilized in association with various systems, such as, for example,
the systems 100, 200, 300, 400, and/or 500 illustrated in FIGS. 1, 2, 3, 4, and/or 5. For
example, one or more of the plurality of GTEs may be coupled to a pump of a hydraulic

fracturing unit, and a plurality of the hydraulic fracturing units may be incorporated into a
hydraulic fracturing system for fracturing a subterranean formation.

[0110] At 802, the example method 800 may include determining, based at least
in part on one or more primary signals, that a primary fuel source does not have an ability
to supply an amount of primary fuel sufficient to operate the plurality of GTEs at the first
output (e.g., a desired output and/or at full capacity). For example, a primary sensor
associated with one or more of the plurality of GTEs (e.g., a primary sensor associated
with each of the GTEs) may be configured to generate a primary signal indicative of an
ability of a primary fuel source to supply an amount of primary fuel sufficient to operate
the plurality of GTEs (e.g., each of the GTEs) at a first output may generate one or more
signals indicative of a fuel pressure (e.g., upstream of each of the GTEs). A controller
may receive the one or more signals and determine whether the fuel pressure has fallen
below a predetermined set point, which may correspond to a previously determined
supply pressure consistent with an inability of one or more of the GTEs to operate at a
desired output using the primary fuel from the primary fuel source.
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[0111] At 804, the example method 800 may also include causing one or more
primary valves configured to control flow communication between the primary fuel source
and the plurality of GTEs to inhibit flow communication between the primary fuel source
and the plurality of GTEs (e.g., inhibit or shut-off flow of primary fuel to all the GTEs). For
example, a plurality of primary valves may be provided and configured to control flow
communication between the primary fuel source and each of respective ones of the
plurality of GTEs. The controller may communicate with one or more of the primary valves
and cause the one or more primary valves to close, thereby inhibiting or shutting-off flow
communication between the primary fuel source and each of the GTEs. In some

examples, this may be performed gradually.

[0112] The example method 800, at 806 may further include causing supply of
secondary fuel from a plurality of secondary fuel supplies to each of the plurality of GTEs,
where each of the plurality of secondary fuel supplies is associated with one of the
plurality of GTEs. For example, the controller may communicate with one or more pumps
configured to pump secondary fuel from each of a plurality of secondary fuel supplies,
each associated with one of the plurality of GTEs, and cause the pump(s) to operate to
supply secondary fuel to each of the GTEs. In some examples, the controller may also
communicate with a plurality of secondary valves configured to control flow
communication between the respective secondary fuel supplies and the respective GTEs,
and cause the secondary valves to open, thereby permitting secondary fuel to be supplied
to each of the GTEs from the respective secondary fuel supplies. This may be performed
gradually. In some examples, this may be performed prior to, concurrently, substantially
simultaneously, and/or following shutting-off flow of the primary fuel to the GTEs.

[0113] At 808, the example method 800 may also include causing operation of the
plurality of GTEs at the first output (e.g., full capacity) using the secondary fuel.

[0114] At 810, the example method 800 may further include causing flow
communication between the primary fuel source and one or more of the plurality of GTEs.
For example, the controller may be configured to individually and/or sequentially cause
the GTEs to switch from operation using the secondary fuel to operation using the primary

fuel from the primary fuel source. This may include communicating with the pump and in
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some examples, the secondary valve, associated with one of the GTEs to cease supply
of the secondary fuel to the GTE. This may also include opening the primary valve
associated with the GTE to restore flow communication between the primary fuel source

and the GTE, and operating the GTE using the primary fuel.

[0115] The example method 800, at 812, may also include determining, based at
least in part on one or more of the primary signals, whether the primary fuel source has
an ability to supply an amount of primary fuel sufficient to operate the GTE restored to
operation using the primary fuel at the first output. For example, after restoration of the
primary fuel to the GTE, the controller may be configured to receive one or more primary
signals generated by a primary sensor associated with the GTE and, based at least in
part on the one or more primary signals, determine whether the primary fuel source is
able to supply a sufficient amount of fuel (e.g., the fuel pressure is above a set point) to
operate the GTE at the first output.

[0116] At 814, the example method 800 may further include, based at least in part
on determining that the primary fuel source has an ability to supply an amount of primary
fuel sufficient to operate the one or more GTEs at the first output, causing flow
communication between the primary fuel source and one or more additional GTEs of the
plurality of GTEs. For example, the controller may be configured to individually and/or
sequentially restore supply of the primary fuel to additional GTEs of the plurality of GTEs,
for example, in a manner at least similar to 810.

[0117] The example method 800, at 816, may also include determining, based at
least in part on one or more primary signals, whether the primary fuel source has an ability
to supply an amount of primary fuel sufficient to operate the GTEs that have been restored
to operation using the primary fuel source at the first output. For example, after restoring
supply of the primary fuel to each of the additional GTEs, the controller may be configured
to determine whether the primary fuel source has an ability to supply an amount of primary
fuel sufficient to operate each of the GTEs to which operation using the primary fuel has
been restored, for example, in a manner at least similar to 812. Thus, in some examples,

the method may return to 814 until the controller determines that the primary fuel source

45

Date Recgue/Date Received 2020-09-10



is unable to supply a sufficient amount of primary fuel to operate all the restored GTEs at

the first output.

[0118] For example, the method 800 may include, following 808, causing individual
and/or sequential restoration of flow communication between the primary fuel source and
each of the plurality of GTEs until it is determined, based at least in part on one or more
primary signals, that the primary fuel source lacks an ability to supply an amount of
primary fuel sufficient to operate at the first output (e.g., at substantially full capacity) the
portion of the plurality of GTEs to which flow communication with the primary fuel source
has been restored. For example, the controller may receive a plurality of primary signals
from the primary sensors associated with each of the GTEs to which operation using the
primary fuel has been restored and determine whether the primary fuel source is able to
supply a sufficient amount of the primary fuel to the restored GTEs to operate the restored
GTEs at the desired output. This may be repeated until either (1) the controller
determines that the primary fuel source lacks an ability to supply an amount of primary
fuel to operate the restored GTEs at the desired output, or (2) all the GTEs have been
restored to operation using primary fuel from the primary fuel source. If (1), the method
800 may include continuing to operate at least a subset of the GTEs still operating using
secondary fuel from the one or more corresponding secondary fuel supplies, for example,
as described with respect to 818 through 832 below. This may be controlled by the
controller. If (2), the method 800 may return to 802 to determine whether the primary fuel
source is able to supply an amount of primary fuel sufficient to operate all the plurality of
GTEs at the first or desired output. This may be performed by the controller, for example,

as described herein.

[0119] At 818, as shown in FIG. 8B, the example method 800 may include
managing flow communication between the primary fuel source and each of the plurality
of GTEs, for example, such that a first portion of the plurality of GTEs is supplied with
primary fuel from the primary fuel source and a second portion of the plurality of GTEs is
supplied with secondary fuel from a portion of the plurality of secondary fuel supplies
associated with each of the second portion of the GTEs, such that the plurality of GTEs

are operated at the first output. For example, the controller may be configured to restore
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operation of a portion of the GTEs to using the primary fuel, while maintaining operation
of the remainder of the GTEs using the secondary fuel from the respective secondary fuel
supplies.

[0120] At 820, the example method 800 may further include periodically causing:
(1) afirst subset of the first portion of the plurality of GTEs to switch from using primary
fuel from the primary fuel source to each using secondary fuel from the secondary fuel
supply associated with each of the plurality of the first subset. The controller may cause
this action, for example, as previously described herein.

[0121] At 822, the example method 800 may further include causing a second
subset of the second portion of the plurality of GTEs to switch from using secondary fuel
from the secondary fuel supply associated with each of the plurality of the second subset
of GTEs to operation using primary fuel from the primary fuel source. In some examples,
the number of the plurality of GTEs in the first subset may equal the number of the plurality
of the GTEs in the second subset. In some examples, the first portion of the plurality of
GTEs and the second portion of the plurality of GTEs includes all of the plurality of GTEs.
The controller may cause this action, for example, as previously described herein.

[0122] At 824, the example method 800 may further include waiting a period of
time, such as, for example, five minutes, ten minutes, fifteen minutes, or more. For
example, the controller may initiate a clock to wait a period of time before taking further
action.

[0123] At 826, the method 800 may include causing at least some (e.g., all) of the
first subset of GTEs to switch from operation using secondary fuel to operation using
primary fuel, and cause an equal number of the second subset of GTEs to switch from
operation using primary fuel to operation using secondary fuel. The controller may cause

this action, for example, as previously described herein.

[0124] At 828, the example method 800 may further include causing another
subset of the first portion of the plurality of GTEs to switch operation using primary fuel to
operation using secondary fuel. The controller may cause this action, for example, as
previously described herein.
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[0125] At 830, the example method may further include causing another subset of
the second portion of the plurality of GTEs to switch from operation using secondary fuel
to operation using primary fuel. The controller may cause this action, for example, as

previously described herein.

[0126] At 832, the example method may further include waiting a period of time,
such as, for example, five minutes, ten minutes, fifteen minutes, or more. For example,

the controller may initiate a clock to wait a period of time before taking further action.

[0127] In some examples, 826 through 832 may be repeated, such that different
subsets of the GTEs alternate between operation using primary fuel and operation using
secondary fuel. For example, once the number (e.g., the maximum number) of the
plurality of GTEs that may be supplied with the primary fuel for operation at the desired
output has been determined and/or the number of GTEs that must be operated using the
secondary fuel while all the GTEs are operated at the desired output, the type of fuel (e.g.,
the primary fuel or the secondary fuel) used by the GTEs may be switched, for example,
according to a routine that periodically switches some GTEs operating using the primary
fuel to operating using the secondary fuel, and switching some GTEs operating using the
secondary fuel to operating using the primary fuel. In some examples, the number of
GTEs being switched between operation using the different types of fuel may be equal.
In other words, if two GTEs operating using primary fuel are switched to operation using
secondary fuel, two GTEs operating using secondary fuel may be switched to operation
using primary fuel. In some examples, such switching may occur following a
predetermined amount of time (e.g., five minutes, ten minutes, fifteen minutes, twenty
minutes, or thirty minutes). In some examples, such switching may occur such that most,
or all, of the GTEs are switched between operation using the two types of fuel, for
example, according to a repeating schedule. In some examples, this may result in less
wear on the GTEs, for example, if the GTEs operate more efficiently, with higher output,
and/or with less wear, operating using the primary fuel relative to operating using the

secondary fuel.

[0128] In some examples, method 800 may include managing flow communication

between the primary fuel source and each of the plurality of GTEs until it has been
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determined, based at least in part on one or more primary signals, that the primary fuel
source is supplying sufficient primary fuel to operate all of the plurality of GTEs at the first
output. For example, the controller may receive the primary signals and determine that it
is possible to operate all of the GTEs using the primary fuel, and at such time, the
controller may cause all the GTEs to operate using the primary fuel. For example, the
cause preventing the primary fuel source from supplying a sufficient amount of primary
fuel to operate all the GTEs using the primary fuel may be identified and mitigated and/or
eliminated. For example, a source of the primary fuel may restore sufficient primary fuel
and/or pressure to the system for the system to operate solely using primary fuel, and/or
a compromised fuel filter preventing sufficient fuel pressure and/or flow may be cleaned
or replaced, thus correcting a problem preventing a sufficient amount of primary fuel from

being supplied to the GTEs to operate them all simultaneously at the desired output.

[0129] It should be appreciated that subject matter presented herein may be
implemented as a computer process, a computer-controlled apparatus, a computing
system, or an article of manufacture, such as a computer-readable storage medium.
While the subject matter described herein is presented in the general context of program
modules that execute on one or more computing devices, those skilled in the art will
recognize that other implementations may be performed in combination with other types
of program modules. Generally, program modules include routines, programs,
components, data structures, and other types of structures that perform particular tasks
or implement particular abstract data types.

[0130] Those skilled in the art will also appreciate that aspects of the subject matter
described herein may be practiced on or in conjunction with other computer system
configurations beyond those described herein, including multiprocessor systems,
microprocessor-based or programmable consumer electronics, minicomputers,
mainframe computers, handheld computers, mobile telephone devices, tablet computing
devices, special-purposed hardware devices, network appliances, and the like.

[0131] FIG. 9 illustrates an example controller 116 configured for implementing
certain systems and methods for supplying fuel to a plurality GTEs (e.g., dual- or bi-fuel

GTEs configured to operate using two different types of fuel) according to embodiments
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of the disclosure, for example, as described herein. The controller 116 may include one
or more processor(s) 900 configured to execute certain operational aspects associated
with implementing certain systems and methods described herein. The processor(s) 900
may communicate with a memory 902. The processor(s) 900 may be implemented and
operated using appropriate hardware, software, firmware, or combinations thereof.
Software or firmware implementations may include computer-executable or machine-
executable instructions written in any suitable programming language to perform the
various functions described. In some examples, instructions associated with a function
block language may be stored in the memory 902 and executed by the processor(s) 900.

[0132] The memory 902 may be used to store program instructions that are
loadable and executable by the processor(s) 900, as well as to store data generated
during the execution of these programs. Depending on the configuration and type of the
controller 116, the memory 902 may be volatile (such as random access memory (RAM))
and/or non-volatile (such as read-only memory (ROM), flash memory, etc.). In some
examples, the memory devices may include additional removable storage 904 and/or
non-removable storage 906 including, but not limited to, magnetic storage, optical disks,
and/or tape storage. The disk drives and their associated computer-readable media may
provide non-volatile storage of computer-readable instructions, data structures, program
modules, and other data for the devices. In some implementations, the memory 902 may
include multiple different types of memory, such as static random access memory
(SRAM), dynamic random access memory (DRAM), or ROM.

[0133] The memory 902, the removable storage 904, and the non-removable
storage 906 are all examples of computer-readable storage media. For example,
computer-readable storage media may include volatile and non-volatile, removable and
non-removable media implemented in any method or technology for storage of
information such as computer-readable instructions, data structures, program modules or
other data. Additional types of computer storage media that may be present may include,
but are not limited to, programmable random access memory (PRAM), SRAM, DRAM,
RAM, ROM, electrically erasable programmable read-only memory (EEPROM), flash

memory or other memory technology, compact disc read-only memory (CD-ROM), digital
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versatile discs (DVD) or other optical storage, magnetic cassettes, magnetic tapes,
magnetic disk storage or other magnetic storage devices, or any other medium which
may be used to store the desired information and which may be accessed by the devices.

Combinations of any of the above should also be included within the scope of computer-
readable media.

[0134] The controller 116 may also include one or more communication
connection(s) 908 that may facilitate a control device (not shown) to communicate with
devices or equipment capable of communicating with the controller 116. The controller
116 may also include a computer system (not shown). Connections may also be
established via various data communication channels or ports, such as USB or COM
ports to receive cables connecting the controller 116 to various other devices on a
network. In some examples, the controller 116 may include Ethernet drivers that enable
the controller 116 to communicate with other devices on the network. According to
various examples, communication connections 908 may be established via a wired and/or
wireless connection on the network.

[0135] The controller 116 may also include one or more input devices 910, such
as a keyboard, mouse, pen, voice input device, gesture input device, and/or touch input
device. It may further include one or more output devices 912, such as a display, printer,
and/or speakers. In some examples, computer-readable communication media may
include computer-readable instructions, program modules, or other data transmitted
within a data signal, such as a carrier wave or other transmission. As used herein,
however, computer-readable storage media may not include computer-readable
communication media.

[0136] Turning to the contents of the memory 902, the memory 902 may include,
but is not limited to, an operating system (OS) 914 and one or more application programs
or services for implementing the features and embodiments disclosed herein. Such
applications or services may include a remote terminal unit 118 for executing certain
systems and methods for control of a fuel management system (e.g., semi- or full-
autonomous control of a fuel management system for bi- or dual-fuel GTEs). The remote

terminal unit 118 may reside in the memory 902 or may be independent of the controller
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116, for example, as depicted in FIG. 1. In some examples, the remote terminal unit 118
may be implemented by software that may be provided in configurable control block
language and may be stored in non-volatile memory. When executed by the processor(s)

900, the remote terminal unit 118 may implement the various functionalities and features
associated with the controller 116 described herein.

[0137] As desired, embodiments of the disclosure may include a controller 116 with
more or fewer components than are illustrated in FIG. 9. Additionally, certain components

of the example controller 116 shown in FIG. 9 may be combined in various embodiments
of the disclosure. The controller 116 of FIG. 9 is provided by way of example only.

[0138] References are made to block diagrams of systems, methods, apparatuses,
and computer program products according to example embodiments. It will be
understood that at least some of the blocks of the block diagrams, and combinations of
blocks in the block diagrams, may be implemented at least partially by computer program
instructions. These computer program instructions may be loaded onto a general
purpose computer, special purpose computer, special purpose hardware-based
computer, or other programmable data processing apparatus to produce a machine, such
that the instructions which execute on the computer or other programmable data
processing apparatus create means for implementing the functionality of at least some of
the blocks of the block diagrams, or combinations of blocks in the block diagrams

discussed.

[0139] These computer program instructions may also be stored in a non-transitory
computer-readable memory that can direct a computer or other programmable data
processing apparatus to function in a particular manner, such that the instructions stored
in the computer-readable memory produce an article of manufacture including instruction
means that implement the function specified in the block or blocks. The computer program
instructions may also be loaded onto a computer or other programmable data processing
apparatus to cause a series of operational steps to be performed on the computer or other
programmable apparatus to produce a computer implemented process such that the
instructions that execute on the computer or other programmable apparatus provide task,

acts, actions, or operations for implementing the functions specified in the block or blocks.
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[0140] One or more components of the systems and one or more elements of the
methods described herein may be implemented through an application program running
on an operating system of a computer. They may also be practiced with other computer
system configurations, including hand-held devices, multiprocessor systems,
microprocessor-based or programmable consumer electronics, mini-computers,
mainframe computers, and the like.

[0141] Application programs that are components of the systems and methods
described herein may include routines, programs, components, data structures, etc. that
may implement certain abstract data types and perform certain tasks or actions. In a
distributed computing environment, the application program (in whole or in part) may be
located in local memory or in other storage. In addition, or alternatively, the application
program (in whole or in part) may be located in remote memory or in storage to allow for
circumstances where tasks can be performed by remote processing devices linked
through a communications network.

[0142] Although only a few exemplary embodiments have been described in detail
herein, those skilled in the art will readily appreciate that many modifications are possible
in the exemplary embodiments without materially departing from the novel teachings and
advantages of the embodiments of the present disclosure. Accordingly, all such
modifications are intended to be included within the scope of the embodiments of the
present disclosure as defined in the following claims.
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CLAIMS
What is claimed is:

1. A system for supplying fuel to a plurality of gas turbine engines, the system
comprising:

a primary sensor associated with the plurality of gas turbine engines, the primary
sensor configured to generate a primary signal indicative of an ability of a primary fuel
source to supply an amount of primary fuel sufficient to operate the plurality of gas turbine
engines at a first output;

a plurality of secondary sensors, each of the plurality of secondary sensors
associated with one of the plurality of gas turbine engines and configured to generate a
secondary signal indicative of an amount of secondary fuel available from a secondary
fuel supply associated with each of the plurality of gas turbine engines; and

a controller in communication with the primary sensor, each of the plurality of
secondary sensors, and a plurality of primary valves, each of the plurality of primary
valves configured to control flow communication between the primary fuel source and one
of the plurality of gas turbine engines, the controller configured to:

determine, based at least in part on the primary signal, that the primary fuel
source is supplying an insufficient amount of the primary fuel to operate one or
more of the plurality of gas turbine engines at the first output;

determine, based at least in part on the secondary signals, that the amount
of secondary fuel available from a first secondary fuel supply associated with a first
of the plurality of gas turbine engines is greater than an amount of secondary fuel
available from each of a remainder of the secondary fuel supplies associated with

a remainder of the plurality of gas turbine engines;

cause a primary vaive of the plurality of primary valves to inhibit flow
communication between the primary fuel source and the first of the plurality of gas
turbine engines; and

cause supply of secondary fuel from the first secondary fuel supply to the
first of the plurality of gas turbine engines.
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2. The system of claim 1, wherein the controller is further configured to:

determine, after causing the primary valve to inhibit flow communication between
the primary fuel source and the first of the plurality of gas turbine engines, based at least
in part on the primary signal, whether the primary fuel source is supplying a sufficient
amount of the primary fuel to operate the remainder of the plurality of gas turbine engines
at the first output.

3. The system of claim 2, wherein, when the controller determines the primary fuel
source is not supplying a sufficient amount of the primary fuel to operate the remainder
of the plurality of gas turbine engines at the first output, the controller is configured to:

determine, based at least in part on the secondary signals, that the amount of
secondary fuel available from a second secondary fuel supply associated with a second
of the plurality of gas turbine engines is greater than an amount of secondary fuel
available from each of a second remainder of the secondary fuel supplies associated with
a second remainder of the plurality of gas turbine engines;

cause a primary valve of the plurality of primary valves to inhibit flow
communication between the primary fuel source and the second of the plurality of gas
turbine engines; and

cause supply of secondary fuel from the second secondary fuel supply to the

second of the plurality of gas turbine engines.

4. The system of claim 2, wherein, when the controller determines the primary fuel
source has sufficient capacity to operate the remainder of the plurality of gas turbine
engines at the first output, the controller is configured to:
wait a period of time; and
one of:
(1) if the controller determines that the primary fuel source continues to
supply a sufficient amount of the primary fuel to operate the remainder of the

plurality of gas turbine engines at the first output, cease supply of secondary fuel
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from the first secondary fuel supply to the first of the plurality of gas turbine
engines; and

cause the primary valve of the plurality of primary valves to allow flow
communication between the primary fuel source and the first of the plurality of gas
turbine engines; or

(2) if the controller determines that the primary fuel source has insufficient
capacity to operate the remainder of the plurality of gas turbine engines at the first
output, cause the primary valve to inhibit flow communication between the primary
fuel source and a second gas turbine engine of the plurality of gas turbine engines;
and

cause supply of secondary fuel from the second secondary fuel supply to
the second gas turbine engines.

5. The system of claim 1, wherein:

the primary sensor comprises a plurality of primary sensors, each of the plurality
of primary sensors associated with one of the plurality of gas turbine engines and
configured to generate a primary signal indicative of an ability of a primary fuel source to
supply an amount of primary fuel sufficient to operate the plurality of gas turbine engines
at a first output; and

the controller is configured to determine, based at least in part on primary signals
generated by the plurality of primary sensors, whether the primary fuel source has an
ability to supply an amount of primary fuel sufficient to operate the plurality of gas turbine

engines at the first output.

6. The system of claim 5, further comprising a plurality of primary valves, each of the
plurality of primary valves configured to control flow communication between the primary
fuel source and one of the plurality of gas turbine engines, wherein the controller is
configured to cause one or more of the primary valves to inhibit flow communication

between the primary fuel source and one or more of the plurality of gas turbine engines.
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7. A system for supplying fuel to a plurality of gas turbine engines, the system
comprising:

a primary sensor associated with the plurality of gas turbine engines, the primary
sensor configured to generate a primary signal indicative of an ability of a primary fuel
source to supply an amount of primary fuel sufficient to operate the plurality of gas turbine
engines at a first output; and

a controller in communication with the primary sensor and a plurality of primary
valves, each of the plurality of primary valves configured to control flow communication
between the primary fuel source and one of the plurality of gas turbine engines, the
controller configured to:

determine, based at least in part on the primary signal, that the primary fuel
source does not have an ability to supply an amount of primary fuel sufficient to
operate the plurality of gas turbine engines at the first output;

cause one or more primary valves configured to control flow communication
between the primary fuel source and the plurality of gas turbine engines to inhibit
flow communication between the primary fuel source and the plurality of gas
turbine engines;

cause supply of secondary fuel from a plurality of secondary fuel supplies
to each of the plurality of gas turbine engines, each of the plurality of secondary
fuel supplies associated with one of the plurality of gas turbine engines; and

cause operation of the plurality of gas turbine engines at the first output
using the secondary fuel.

8. The system of claim 7, wherein the controller is further configured to:

cause flow communication between the primary fuel source and one or more of
the plurality of gas turbine engines; and

determine, based at least in part on the primary signal, whether the primary fuel
source has an ability to supply an amount of primary fuel sufficient to operate the one or

more of the plurality of gas turbine engines at the first output.
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9. The system of claim 8, wherein the controller is further configured to:

based at least in part on determining that the primary fuel source has an ability to
supply an amount of primary fuel sufficient to operate the one or more of the plurality of
gas turbine engines at the first output, cause flow communication between the primary
fuel source and at least two of the plurality of gas turbine engines; and

determine, based at least in part on the primary signal, whether the primary fuel
source has an ability to supply an amount of primary fuel sufficient to operate the at least

two gas turbine engines at the first output.

10.  The system of claim 9, wherein the controller is further configured to:

based at least in part on determining that the primary fuel source has an ability to
supply an amount of primary fuel sufficient to operate the at least two gas turbine engines
at the first output, cause flow communication between the primary fuel source and at least
three of the plurality of gas turbine engines; and

determine, based at least in part on the primary signal, whether the primary fuel
source has an ability to supply an amount of primary fuel sufficient to operate the at least
three gas turbine engines at the first output.

11.  The system of claim 7, wherein the controller is further configured to:

cause sequential restoration of flow communication between the primary fuel
source and each of the plurality of gas turbine engines until the controller determines,
based at least in part on the primary signal, that the primary fuel source lacks an ability
to supply an amount of primary fuel sufficient to operate at the first output a portion of the
plurality of gas turbine engines to which flow communication with the primary fuel source
has been restored; and

manage flow communication between the primary fuel source and each of the
plurality of gas turbine engines, such that a first portion of the plurality of gas turbine
engines is supplied with primary fuel from the primary fuel source and a second portion
of the plurality of gas turbine engines is supplied with secondary fuel from a portion of the
plurality of secondary fuel supplies associated with each of the second portion of the gas
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turbine engines, such that the plurality of gas turbine engines are operated at the first

output.

12.  The system of claim 11, wherein the first portion of the plurality of gas turbine
engines is a first number of gas turbine engines and the second portion of the plurality of
gas turbine engines is a second number of gas turbine engines, and the first number and
the second number equals a total number of the plurality of gas turbine engines, and
wherein the controller is configured to periodically cause:

(1) a first subset of the first portion of the plurality of gas turbine engines to
switch from using primary fuel from the primary fuel source to each using
secondary fuel from the secondary fuel supply associated with each of the plurality
of the first subset of the first portion; and

(2) a second subset of the second portion of the plurality of gas turbine
engines to switch from using secondary fuel from the secondary fuel supply
associated with each of the plurality of the second subset of the second portion,
wherein a number of the plurality of gas turbine engines in the first subset is equal

to a number of the plurality of the gas turbine engines in the second subset.

13. The system of claim 12, wherein the controller is configured to manage flow
communication between the primary fuel source and each of the plurality of gas turbine
engines until the controller determines, based at least in part on the primary signal, that
the primary fuel source is supplying sufficient primary fuel to operate the plurality of gas

turbine engines at the first output.

14. The system of claim 7, wherein:

the primary sensor comprises a plurality of primary sensors, each of the plurality
of primary sensors associated with one of the plurality of gas turbine engines and
configured to generate a primary signal indicative of an ability of the primary fuel source
to supply an amount of primary fuel sufficient to operate each of the plurality of gas turbine

engines at the first output; and
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the controller is configured to determine, based at least in part on primary signals
generated by the plurality of primary sensors, whether the primary fuel source lacks an
ability to supply an amount of primary fuel sufficient to operate each of the plurality of gas

turbine engines at the first output.

15.  The system of claim 7, further comprising a plurality of primary valves, each of the
plurality of primary valves configured to control flow communication between the primary
fuel source and one of the plurality of gas turbine engines, wherein the controller is
configured to cause one or more of the primary valves to inhibit flow communication

between the primary fuel source and one or more of the piurality of gas turbine engines.
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