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SYSTEM FOR CENTRALIZED MONITORING 
AND CONTROL OF ELECTRIC POWERED 

HYDRAULCFRACTURING FLEET 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to and is a continu 
ation-in-part of U.S. patent application Ser. No. 13/679,.689, 
filed on Nov. 16, 2012 and titled “System for Pumping 
Hydraulic Fracturing Fluid Using Electric Pumps, the con 
tent of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 This technology relates to hydraulic fracturing in oil 
and gas wells. In particular, this technology relates to pump 
ing fracturing fluid into an oil or gas well using equipment 
powered by electric motors, as well as centralized monitoring 
and control for various controls relating to the wellsite opera 
tions. 
0003 Hydraulic fracturing has been used for decades to 
stimulate production from oil and gas wells. The practice 
consists of pumping fluid into a wellbore at high pressure. 
Inside the wellbore, the fluid is forced into the formation 
being produced. When the fluid enters the formation, it frac 
tures, or creates fissures, in the formation. Water, as well as 
other fluids, and some solid proppants, are then pumped into 
the fissures to stimulate the release of oil and gas from the 
formation. 
0004 Fracturing rock in a formation requires that the 
slurry be pumped into the wellbore at very high pressure. This 
pumping is typically performed by large diesel-powered 
pumps. Such pumps are able to pump fracturing fluid into a 
wellbore at a high enough pressure to crack the formation, but 
they also have drawbacks. For example, the diesel pumps are 
very heavy, and thus must be moved on heavy duty trailers, 
making transport of the pumps between oilfield sites expen 
sive and inefficient. In addition, the diesel engines required to 
drive the pumps require a relatively high level of expensive 
maintenance. Furthermore, the cost of diesel fuel is much 
higher than in the past, meaning that the cost of running the 
pumps has increased. 
0005 Additionally, when using diesel-powered pumps, 
each pump had to be individually manually monitored and 
controlled, frequently by operators communicating by radio 
around the wellsite. Fracturing fleets employing diesel-pow 
ered pumps do not use gasturbines, generators, Switchgear, or 
transformers, and lack gas compression, therefore have no 
need to monitor Such equipment. 

SUMMARY OF THE INVENTION 

0006 Disclosed herein is a system for hydraulically frac 
turing an underground formation in an oil or gas well to 
extract oil orgas from the formation, the oil orgas well having 
a wellbore that permits passage of fluid from the wellbore into 
the formation. The system includes a plurality of electric 
pumps fluidly connected to the well, and configured to pump 
fluid into the wellbore at high pressure so that the fluid passes 
from the wellbore into the formation, and fractures the for 
mation. The system also includes a plurality of generators 
electrically connected to the plurality of electric pumps to 
provide electrical power to the pumps. At least some of the 
plurality of generators can be powered by natural gas. In 
addition, at least Some of the plurality of generators can be 
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turbine generators. The system can also include a centralized 
control unit coupled to the plurality of electric pumps and the 
plurality of generators. The centralized control unit monitors 
at least one of pressure, temperature, fluid rate, fluid density, 
concentration, Volts, amps, etc. of the plurality of electric 
pumps and the plurality of generators. 
0007 Also disclosed herein is a process for stimulating an 
oil or gas well by hydraulically fracturing a formation in the 
well. The process includes the steps of pumping fracturing 
fluid into the well with an electrically powered pump or fleet 
of pumps at a high pressure so that the fracturing fluid enters 
and cracks the formation, the fracturing fluid having at least a 
liquid component and (typically) a solid proppant, and insert 
ing the Solid proppant into the cracks to maintain the cracks 
open, thereby allowing passage of oil and gas through the 
cracks. The process can further include powering the electri 
cally powered pump or fleet of pumps with a generator pow 
ered by natural gas, diesel, propane or other hydrocarbon 
fuels, such as, for example, a turbine generator. The process 
can further include monitoring at a centralized control unit at 
least one of pressure, temperature, fluid rate, fluid density, 
concentration, Volts, amps, etc. of the plurality of electric 
pumps and the plurality of generators. 
0008 Also disclosed is a system for centralized monitor 
ing and control of an electrically powered hydraulic fractur 
ing operation. The system can include, for example, an elec 
tric powered fracturing fleet. The electric powered fracturing 
fleet can include a combination of one or more of electric 
powered pumps, turbine generators, blenders, sand silos, 
chemical storage units, conveyor belts, manifold trailers, 
hydration units, variable frequency drives, Switchgear, trans 
formers, and compressors. The electric powered fracturing 
fleet can also include a centralized control unit coupled to 
electric powered fracturing fleet. The centralized control unit 
is configured to monitor one or more operating characteristics 
of the electric powered fracturing fleet and control one or 
more operating characteristics of the electric powered frac 
turing fleet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. The present technology will be better understood on 
reading the following detailed description of nonlimiting 
embodiments thereof, and on examining the accompanying 
drawing, in which: 
0010 FIG. 1 is a schematic plan view of equipment used in 
a hydraulic fracturing operation, according to an embodiment 
of the present technology; 
0011 FIG. 2 is a schematic plan view of equipment used in 
a hydraulic fracturing operation, according to an alternate 
embodiment of the present technology; and 
0012 FIG.3 is a schematic plan view of equipment used in 
a hydraulic fracturing operation, according to an embodiment 
of the present technology, including an emergency power off 
circuit. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0013 The foregoing aspects, features, and advantages of 
the present technology will be further appreciated when con 
sidered with reference to the following description of pre 
ferred embodiments and accompanying drawing, wherein 
like reference numerals represent like elements. In describing 
the preferred embodiments of the technology illustrated in the 
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appended drawing, specific terminology will be used for the 
sake of clarity. However, the technology is not intended to be 
limited to the specific terms used, and it is to be understood 
that each specific term includes equivalents that operate in a 
similar manner to accomplish a similar purpose. 
0014 FIG. 1 shows a plan view of equipment used in a 
hydraulic fracturing operation. Specifically, there is shown a 
plurality of pumps 10 mounted to pump trailers 12. The pump 
trailers 12 can be trucks having at least two-three axles. In the 
embodiment shown, the pumps 10 are powered by electric 
motors 14, which can also be mounted to the pump trailers 12. 
The pumps 10 are fluidly connected to the wellhead 16 via a 
manifold trailer or similar system to the manifold trailer 18. 
As shown, the pump trailers 12 can be positioned near enough 
to the manifold trailer 18 to connect fracturing fluid lines 20 
between the pumps 10 and the manifold trailer 18. The mani 
fold trailer 18 is then connected to the wellhead 16 and con 
figured to deliver fracturing fluid provided by the pumps 10 to 
the wellhead 16. 

0.015. In some embodiments, each electric motor 14 can be 
capable of delivering about 1500 brake horsepower (BHP), 
1750 BHP, or more, and each pump 10 can optionally be rated 
for about 1750 hydraulic horsepower (HHP) or more. In 
addition, the components of the system, including the pumps 
10 and the electric motors 14, can be capable of operating 
during prolonged pumping operations, and in temperature in 
a range of about -20 degrees C. or less to about 50 degrees C. 
or more. In addition, each electric motor 14 can be equipped 
with a variable frequency drive (VFD) that controls the speed 
of the electric motor 14, and hence the speed of the pump 10. 
An air conditioning unit may be provided to cool the VFD and 
prevent overheating of the electronics. 
0016. The electric motors 14 of the present technology can 
be designed to withstand an oilfield environment. Specifi 
cally, some pumps 10 can have a maximum continuous power 
output of about 1500 BHP, 1750 BHP, or more, and a maxi 
mum continuous torque of about 11,488 lb-ft or more. Fur 
thermore, electric motors 14 of the present technology can 
include class H insulation and high temperature ratings. Such 
as about 400 degrees F. or more. In some embodiments, the 
electric motor 14 can include a single shaft extension and hub 
for high tension radial loads, and a high strength 4340 alloy 
steel shaft, although other Suitable materials can also be used. 
0017. The VFD can be designed to maximize the flexibil 

ity, robustness, serviceability, and reliability required by oil 
field applications, such as hydraulic fracturing. For example, 
as far as hardware is concerned, the VFD can include pack 
aging receiving a high rating by the National Electrical Manu 
facturers Association (such as nema 1 packaging), and power 
semiconductor heat sinks having one or more thermal sensors 
monitored by a microprocessor to prevent semiconductor 
damage caused by excessive heat. Furthermore, with respect 
to control capabilities, the VFD can provide complete moni 
toring and protection of drive internal operations while com 
municating with an operator via one or more user interfaces. 
For example, motor diagnostics can be performed frequently 
(e.g., on the application of power, or with each start), to 
prevent damage to a shorted electric motor 14. The electric 
motor diagnostics can be disabled, if desired, when using, for 
example, a low impedance or high-speed electric motor. 
0018. In some embodiments, the pump 10 can optionally 
be a 2250 HHP triplex or quinteplex pump. The pump 10 can 
optionally be equipped with 4.5 inch diameter plungers that 
have an eight (8) inch stroke, although other size plungers 
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(such as, for example, 4"4.5", 5", 5.5", and 6.5") can be used, 
depending on the preference of the operator. The pump 10 can 
further include additional features to increase its capacity, 
durability, and robustness, including, for example, a 6.353 to 
1 gear reduction, autofrettaged steel or steel alloy fluid end, 
wing guided slush type valves, and rubber spring loaded 
packing 
0019. In addition to the above, certain embodiments of the 
present technology can include a skid or body load (not 
shown) for supporting some or all of the above-described 
equipment. For example, the skid can Support the electric 
motor 14 and the pump 10. In addition, the skid can Support 
the VFD. Structurally, the skid can be constructed of heavy 
duty longitudinal beams and cross-members made of an 
appropriate material. Such as, for example, Steel. The skid can 
further include heavy-duty lifting lugs, or eyes, that can 
optionally be of sufficient strength to allow the skid to be 
lifted at a single lift point. 
0020 Referring back to FIG. 1, also included in the equip 
ment is a plurality of electric generators 22 that are connected 
to, and provide power to, the electric motors 14 on the pump 
trailers 12. To accomplish this, the electric generators 22 can 
be connected to the electric motors 14 by power lines (not 
shown). The electric generators 22 can be connected to the 
electric motors 14 via power distribution panels (not shown). 
In certain embodiments, the electric generators 22 can be 
powered by natural gas. For example, the generators can be 
powered by liquefied natural gas. The liquefied natural gas 
can be converted into a gaseous form in a vaporizer prior to 
use in the generators. The use of natural gas to power the 
electric generators 22 can be advantageous because, where 
the well is a natural gas well, above ground natural gas vessels 
24 can already be placed on site to collect natural gas pro 
duced from the well. Thus, a portion of this natural gas can be 
used to power the electric generators 22, thereby reducing or 
eliminating the need to import fuel from offsite. If desired by 
an operator, the electric generators 22 can optionally be natu 
ral gas turbine generators. Such as those shown in FIG. 2. 
0021 FIG. 1 also shows equipment for transporting and 
combining the components of the hydraulic fracturing fluid 
used in the system of the present technology. In many wells, 
the fracturing fluid contains a mixture of water, sand or other 
proppant, acid, and other chemicals. Examples of fracturing 
fluid components include acid, anti-bacterial agents, clay sta 
bilizers, corrosion inhibitors, friction reducers, gelling 
agents, iron control agents, pH adjusting/buffering agents, 
scale inhibitors, and Surfactants. Historically, diesel has at 
times been used as a substitute for water in cold environ 
ments, or where a formation to be fractured is water sensitive, 
Such as, for example, clay. The use of diesel, however, has 
been phased out over time because of price, and the develop 
ment of newer, better technologies. 
0022. In FIG. 1, there are specifically shown sand storing 
vehicles 26, an acid transporting vehicle 28, vehicles for 
transporting other chemicals 30, and a vehicle carrying a 
hydration unit 32, containing a water pump. Also shown are 
fracturing fluid blenders 34, which can be configured to mix 
and blend the components of the hydraulic fracturing fluid, 
and to supply the hydraulic fracturing fluid to the pumps 10. 
In the case of liquid components, such as water, acids, and at 
least some chemicals, the components can be Supplied to the 
blenders 34 via fluid lines (not shown) from the respective 
component vehicles, or from the hydration unit 32. Acid can 
also be drawn directly by a frac pump without using a blender 
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or hydro. In the case of Solid components, such as sand, the 
component can be delivered to the blender 34 by a conveyor 
belt 38. The water can be supplied to the hydration unit 32 
from, for example, water tanks 36 onsite or a “pond.” Alter 
nately, the water can be provided by water trucks. Further 
more, water can be provided directly from the water tanks 36 
or water trucks to the blender 34, without first passing through 
the hydration unit 32. 
0023 Monitor/control data van 40 can be mounted on a 
control vehicle 42, and connected to the pumps 10, electric 
motors 14, blenders 34, and other surface and/or downhole 
sensors and tools (not shown) to provide information to an 
operator, and to allow the operator to control different param 
eters of the fracturing operation. For example, the monitor/ 
control data Van 40 can include a computer console that 
controls the VFD, and thus the speed of the electric motor 14 
and the pump 10. Other pump control and data monitoring 
equipment can include pump throttles, a pump VFD fault 
indicator with a reset, a general fault indicator with a reset, a 
main emergency “E-stop a programmable logic controller 
for local control, and a graphics panel. The graphics panel can 
include, for example, a touchscreen interface. 
0024. The monitor/control data van 40 incorporate various 
functions in a centralized location such that compressors and 
turbines spread across a plurality of trucks can be monitored 
by a single operator. The functions can include: monitoring 
and control of the gas compression for the turbines (and in 
particular, of pressure and temperature, or load percentage), 
monitoring and control of the mobile turbines (and in particu 
lar, of pressure and temperature), monitoring and control of 
the electric distribution equipment, Switchgear and trans 
formers, monitoring and control of the variable frequency 
drives, monitoring and resetting faults on the variable fre 
quency drives remotely without having to enter danger areas 
Such has high pressure Zone and high Voltage Zones, moni 
toring and control of the electric motors, monitoring and 
control of rate and pressure of the overall system, control for 
an emergency shut off that turns off the gas compressors, 
turbines, and opens all of the breakers in the Switchgear, and 
monitoring and control of Vertical sand silos and electrical 
conveyor belt. Sensors for monitoring pressure, temperature, 
fluid rate, fluid density, etc. may be selected as design con 
siderations well within the understanding of one of ordinary 
skill in the art. 

0025 Monitoring and control for the above functions can 
be accomplished with cables (not shown), Ethernet, or wire 
less capability. In an embodiment, monitoring and control for 
the electric fleet can be sent offsite using satellite and other 
communication networks. The monitor/control data van 40 
can be placed in a trailer, skid, or body load truck. 
0026. The monitor/control data van 40 further includes an 
Emergency Power Off (EPO) 43 functionality, which allows 
for the entire site to be shut off completely. For example, over 
CAT5E cabling, breakers will open in both switchgear to cut 
power to the site, and gas compression will turn off, cutting 
the connection for fuel to the turbine. The EPO 43 will be 
discussed further below with reference to FIG. 3. Additional 
controls may include, for example, the pumps, the blender, 
the hydration, and the fracturing units. The signals for Such 
controls can include, for example, on/off speed control, and 
an automatic over-pressure trip. In the case of an over-pres 
sure event, the operator controlled push button for the on/off 
signal can be deployed immediately such that the pumps stop 
preventing overpressure of the iron. 
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0027. Referring now to FIG. 2, there is shown an alternate 
embodiment of the present technology. Specifically, there is 
shown a plurality of pumps 110 which, in this embodiment, 
are mounted to pump trailers 112. As shown, the pumps 110 
can optionally be loaded two to a trailer 112, thereby mini 
mizing the number of trailers needed to place the requisite 
number of pumps at a site. The ability to load two pumps 110 
on one trailer 112 is possible because of the relatively light 
weight of the electric pumps 110 compared to other known 
pumps, such as diesel pumps, as well as the lack of a trans 
mission. In the embodiment shown, the pumps 110 are pow 
ered by electric motors 114, which can also be mounted to the 
pump trailers 112. Furthermore, each electric motor 114 can 
be equipped with a VFD that controls the speed of the motor 
114, and hence the speed of the pumps 110. 
0028. In addition to the above, the embodiment of FIG. 2 
can include a skid (not shown) for Supporting some or all of 
the above-described equipment. For example, the skid can 
support the electric motors 114 and the pumps 110. In addi 
tion, a different skid can support the VFD. Structurally, the 
skid can be constructed of heavy-duty longitudinal beams and 
cross-members made of an appropriate material. Such as, for 
example, steel. The skid can further include heavy-duty lift 
ing lugs, or eyes, that can optionally be of Sufficient strength 
to allow the skid to be lifted at a single lift point. 
0029. The pumps 110 are fluidly connected to a wellhead 
116 via a manifold trailer 118. As shown, the pump trailers 
112 can be positioned near enough to the manifold trailer 118 
to connect fracturing fluid lines 120 between the pumps 110 
and the manifold trailer 118. The manifold trailer 118 is then 
connected to the wellhead 116 and configured to deliver frac 
turing fluid provided by the pumps 110 to the wellhead 116. 
0030 Still referring to FIG. 2, this embodiment also 
includes a plurality of turbine generators 122 that are con 
nected to, and provide power to, the electric motors 114 on the 
pump trailers 112 through the Switchgear and transformers. 
To accomplish this, the turbine generators 122 can be con 
nected to the electric motors 114 by power lines (not shown). 
The turbine generators 122 can be connected to the electric 
motors 114 via power distribution panels (not shown). In 
certain embodiments, the turbine generators 122 can be pow 
ered by natural gas, similar to the electric generators 22 
discussed above in reference to the embodiment of FIG. 1. 
Also included are control units 144 (also referred to as EERs 
or Electronic Equipment Rooms) for the turbine generators 
122. 

0031. The embodiment of FIG. 2 can include other equip 
ment similar to that discussed above. For example, FIG. 2 
shows sand transporting vehicles 126, acid transporting 
vehicles 128, other chemical transporting vehicles 130, 
hydration units 132, blenders 134, water tanks 136, conveyor 
belts 138, and pump control and data monitoring equipment 
140 mounted on a control vehicle 142. The function and 
specifications of each of these is similar to corresponding 
elements shown in FIG. 1. 

0032 Use of pumps 10, 110 powered by electric motors 
14, 114 and natural gas powered electric generators 22 (or 
turbine generators 122) to pump fracturing fluid into a well is 
advantageous over known systems for many different rea 
sons. For example, the equipment (e.g. electric motors, radia 
tors, transmission (or lack thereof), and exhaust and intake 
systems) is lighter than the diesel pump systems commonly 
used in the industry. The lighter weight of the equipment 
allows loading of the equipment directly onto a truck body. In 
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fact, where the equipment is attached to a skid, as described 
above, the skid itself can be lifted on the truck body, along 
with all the equipment attached to the skid, in one simple 
action. Alternatively, and as shown in FIG. 2, trailers 112 can 
be used to transport the pumps 110 and electric motors 114, 
with two or more pumps 110 carried on a single trailer 112. 
Thus, the same number of pumps 110 can be transported on 
fewer trailers 112. Known diesel pumps, in contrast, cannot 
be transported directly on a truck body or two on a trailer, but 
must be transported individually on trailers because of the 
great weight of the pumps. 
0033. The ability to transfer the equipment of the present 
technology directly on a truck body or two to a trailer 
increases efficiency and lowers cost. In addition, by eliminat 
ing or reducing the number of trailers to carry the equipment, 
the equipment can be delivered to sites having a restricted 
amount of space, and can be carried to and away from work 
sites with less damage to the Surrounding environment. 
Another reason that the electric pump system of the present 
technology is advantageous is that it runs on natural gas. 
Thus, the fuel is lower cost, the components of the system 
require less maintenance, and emissions are lower, so that 
potentially negative impacts on the environment are reduced. 
0034 Additionally, diesel fleets do not have gas compres 
Sion, and are thus not amenable for an emergency power off 
configuration. Electric fleets, however, are amenable to an 
emergency power off configuration. Referring now to FIG.3, 
the EPO 43 can include power (or optionally, plural auxiliary 
power sources) coupled to the monitor/control data van 40 
via, for example, armored shielded CAT5E cabling to a 
switchgear 47. The switchgear 47 couples the data van 40 to 
turbine(s) 23 (or the EER(s) coupled to the turbines). In 
certain embodiments, the shielded CAT5E cabling may run 
from the data van 40, to an auxiliary trailer that includes 
Switchgear 47, to a gas compressor (not shown), and to the 
EER/Turbine 23. Upon activation of the EPO 43, breakers 
open in the Switchgear 47, cutting power to the generator 22. 
The gas compression will turn off, cutting fuel to the turbine 
(s) 23. Optionally, the EPO 43 is operated by a switch in the 
control vehicle 42 that sounds an audible alarm that the EPO 
43 is imminently deployable. Alternatively, serial data and 
cables may be used instead of Ethernet. 
0035. In practice, a hydraulic fracturing operation can be 
carried out according to the following process. First, the 
water, sand, and other components are blended to form a 
fracturing fluid, which is pumped down the well by the elec 
tric-powered pumps. Typically, the well is designed so that 
the fracturing fluid can exit the wellbore at a desired location 
and pass into the Surrounding formation. For example, in 
some embodiments the wellbore can have perforations that 
allow the fluid to pass from the wellbore into the formation. In 
other embodiments, the wellbore can include an openable 
sleeve, or the well can be open hole. The fracturing fluid can 
be pumped into the wellbore at a high enough pressure that 
the fracturing fluid cracks the formation, and enters into the 
cracks. Once inside the cracks, the sand, or other proppants in 
the mixture, wedges in the cracks, and holds the cracks open. 
0036. Using the monitor/control data van 40, the operator 
can monitor, gauge, and manipulate parameters of the opera 
tion, such as pressures, and Volumes of fluids and proppants 
entering and exiting the well, as well as the concentration of 
the various chemicals. For example, the operator can increase 
or decrease the ratio of sand to water as the fracturing process 
progresses and circumstances change. 
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0037. In an embodiment, a blender can be monitored from 
the monitor/control data Van 40. Among the operating char 
acteristics of the blender that can be monitored is Fluid Den 
sity. The fluid density can be monitored or controlled based on 
one or more of the following: a Vibration Densitometer, a 
Nuclear Densitometer, containing a small nuclear emitter 
with a gamma ray detector, Coriolis Meters for low flow rates, 
and clean Volume vs. slurry Volume calculations. Based on 
programmable logic controller (hereinafter “PLC) based 
densitometer density control, the blender will calculate how 
fast to run the augers to maintain a specific fluid density based 
on a user entered set point and the reading from the densito 
meter. Alternatively, with PLC based rationetric density con 
trol, the blender will calculate how fast to run the augers to 
maintain a specific fluid density based on a user entered set 
point and the calculated rate from the sand augers. In still 
another embodiment, based on PLC based fluid density con 
trol, the blender will calculate now fast to run the augers to 
maintain a specific fluid density based on a user entered set 
point and reverse calculating the difference between the clean 
water Suction rate and the slurry water discharge rate. The 
difference in rate is due to the volume of sand added. 
0038. The specific gravity and bulk density of the sand, the 
Volume per revolution of the augers, auger priority, auger 
efficiency, and density target may be user entered either on the 
blender or in the monitor/control data van 40. 
0039. Also pertaining to the blender, chemical flow meters 
may be used to measure flow rate (gallons per minute for 
liquid, pounds per minute for dry additives). In terms of 
monitoring, a /2" Coriolis may be employed to monitor flow 
rate, Volume total, temperature, pH, and/or density. In another 
embodiment, a 1" Coriolis may be employed to monitor flow 
rate, Volume total, temperature, pH, and/or density. In still 
another embodiment, a 2" Coriolis may be employed to moni 
tor flowrate, Volume total, temperature, pH, and/or density. 
Certain embodiments may include a variety of flowmeters 
(and other sensors) of various sizes so as to account for 
varying flowrates and viscosities of chemicals being blended. 
For a dry chemical auger, an optical encoder may be provided 
for calculating additive rate, and/or a magnetic sensor for 
counting auger rotations (i.e., a Hall Effect sensor) may also 
be employed for monitoring. 
0040. In an embodiment, for blender control, a PLC based 
automatic control uses input from the chemical flowmeters or 
augers and matches the flow rate with the user entered set 
point either from the data van or locally from the blender 
operator. With manual control embodiments, the blender 
operator manually controls the chemical pump speed and 
attempts to match the set point. 
0041. In an embodiment, with respect to measuring 
chemicals into the blender, at the monitor/control data van 40 
is it contemplated that measuring calculated totals (gallons 
for liquid, pounds or dry chemicals), a liquid chemical cal 
culated concentration (gallons of chemical added per thou 
sand gallons of fresh water “gpt” or “gal/1000 gal'), or dry 
chemical calculated concentration (pounds of chemical 
added per thousand gallons of fresh water “ipt' or “H/1000 
gal) may be accomplished. 
0042. In an embodiment, at the blender pressure monitor 
ing can be accomplished by, for example, a Suction pressure 
transducer or discharge pressure transducer. 
0043. In an embodiment, the electrically powered frack 
ing fleet can include a discharge motor. For the discharge 
motor, monitoring can include monitoring the VFD. Such as 
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the motor winding temperatures, the motor RPM, the voltage, 
the torque, and the current (amperage). Control of the dis 
charge motor can include changing the motor RPM, the VFD 
algorithm, the Voltage set point, and the discharge pump 
speed also controls the discharge pressure. 
0044. In an embodiment, the electrically powered frack 
ing fleet can include a hydraulic motor. For the hydraulic 
motor, monitoring can include monitoring the Soft starter, the 
motor winding temperatures, the motor RPM, the voltage, the 
torque, and the current (amperage). Control of the hydraulic 
motor can include running or disabling the motor. 
0045. In an embodiment, the electrically powered frack 
ing fleet can include vibration monitoring for the equipment, 
including the hydraulic motor, discharge motor, Suction 
pump, discharge pump, discharge manifold, discharge iron, 
and Suction hoses. 
0046. In an embodiment, the electrically powered frack 
ing fleet can include hydraulic system monitoring for the 
equipment, including the system pressure, the charge pres 
sure, the temperature, the hydraulic oil level, and the filter 
Status. 

0047. In an embodiment, the electrically powered frack 
ing fleet can include electrical power monitoring, including 
total kilowatt consumption, the system Voltage, the current 
draw (either per power cable or total). 
0048. In an embodiment, the electrically powered frack 
ing fleet can include air pressure monitoring at the Suction 
pump, including the RPM, the hydraulic pressure at the pump 
motor, and the calculated rate. 
0049. In an embodiment, the electrically powered frack 
ing fleet can include monitoring of the sand hopper weight 
using load cells. Optionally, the system can include cameras 
so the operator can visually see the hopper from inside the 
data van or blender cabin. 
0050. In an embodiment, the electrically powered frack 
ing fleet can include Sand augers. From the data van, the 
monitoring can include the auger RPM, the calculated sand 
concentration (Pounds of sand/proppant added “PPA” or 
“PSA), the sand stage total (pounds), and/or the sand grand 
total (pounds). Density control may be either automatic, or 
manual. Control of the loading allows the operator to load the 
auger without the computer calculating or totalizing the sand 
volume or reporting it to the monitor/control data van 40. 
0051 While fluid rate is mostly controlled by the fractur 
ing pumps, in an embodiment, fluid rate monitoring may also 
be accomplished by the electrically powered fracking fleet. 
The monitored characteristics from the blender can include 
the calculated clean rate (barrels per minute “BPM), the 
calculated dirty rate, the measured clean rate (as obtained by 
a turbine flow meter or magnetic flow meter), and the mea 
sured dirty rate (as obtained by a turbine flow meter or mag 
netic flow meter). The dirty rate can also be calculated from 
the frac pumps. Each pump may include an optical encoder 
(or magnetic sensor) to count the pump strokes so as to 
determine the BPM per pump, which can then be combined 
for a total dirty rate of all the pumps. 
0.052. In an embodiment, the valve status for various 
equipment can also be monitored, including at the inlet, the 
outlet, the tub bypass, and the crossover. In another embodi 
ment, the tub level can be obtained based on float, radar, laser, 
or capacitive measurements. 
0053. In an embodiment, the electrically powered frack 
ing fleet can include a hydration unit having chemical flow 
meters to measure flow rate (gallons per minute for liquid, 
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pounds per minute for dry additives). For example, in an 
embodiment, in terms of monitoring, a /2 Coriolis may be 
employed to monitor flowrate, Volume total, temperature, pH, 
and/or density. In another embodiment, a 1" Coriolis may be 
employed to monitor flowrate, Volume total, temperature, pH, 
and/or density. In another embodiment, a 2" Coriolis can be 
employed to monitor flowrate, Volume total, temperature, pH, 
density, and/or viscosity. In an embodiment, a recirculation 
pump may be used to monitor mixed fluid in the tub, including 
Viscosity, pH, and temperature. 
0054. In an embodiment, at the hydration unit, PLC based 
automatic control uses input from the chemical flowmeters 
and matches the flow rate or concentration with the user 
entered set point either from the monitor/control data van 40 
or locally from the blender operator. Alternatively, using 
manual control, the blender operator manually controls the 
chemical pump speed and attempts to match the set point. 
0055. At the hydration unit, with regards to control, 
chemical measurements can be automated, in particular cal 
culated totals (gallons), liquid chemical calculated concen 
tration (gallons of chemical added per thousand gallons of 
fresh water “gpt” or “gal/1000 gal'). 
0056. In an embodiment, pressure monitoring at the 
hydration unit can be accomplished via, for example, a Suc 
tion pressure transducer or a discharge pressure transducer. 
0057. In an embodiment, monitoring at the hydraulic 
motor of the hydration unit can include soft starter, motor 
winding temperatures, motor RPM, Voltage, torque, current 
(amperage), and control can include both running and dis 
abling the motor. 
0058. In an embodiment, monitoring at the hydraulic 
motor of the hydration unit can include vibration monitoring 
of the hydraulic motor, the fluid pumps, and discharge mani 
fold and hoses. 
0059. In an embodiment, monitoring at the hydraulic 
motor of the hydration unit can include hydraulic system 
monitoring, including of operating characteristics Such as 
system pressure, charge pressure, temperature, hydraulic oil 
level, and filter status. 
0060. In an embodiment, monitoring at the hydraulic 
motor of the hydration unit can include electrical power 
monitoring, including of operating characteristics Such as 
total kilowatt consumption, system Voltage, current draw 
(both per power cable and total). In an embodiment, moni 
toring at the hydraulic motor of the hydration unit can include 
tub paddle speed monitoring. 
0061. In an embodiment, monitoring at the hydraulic 
motor of the hydration unit can include fluid rate monitoring 
(though fluid rate is mostly controlled by the blender), includ 
ing operating characteristics such as measured clean rate, via 
a turbine flow meter or magnetic flow meter. 
0062. In an embodiment, monitoring at the hydraulic 
motor of the hydration unit can include monitoring the valve 
status, including inlet, outlet, and crossover. In an embodi 
ment, monitoring at the hydraulic motor of the hydration unit 
can include tub level, measured by, for example, a float, radar, 
laser, or capacitive sensor(s). 
0063. In the monitor/control data van 40, a pump control 
station allows for remote control of operating characteristics 
of the pumps including, for example, RPM, enable/disable, 
and pressure trip Set point. The pump control station can also 
include the Emergency Stop, stops all pumps Substantially 
instantaneously, as discussed further herein. 
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0064. In an embodiment, the pump control station can also 
include a VFD fault reset. In an embodiment, the pump con 
trol station can also include an auto pressure feature, allowing 
the pump control operator to set a max pressure and/or target 
pressure and the Software will automatically adjust the com 
bined pump rate to ensure that the target pressure is Sustained 
and/or the max pressure is not exceeded. In an embodiment, 
the pump control station can also include an auto rate feature, 
allowing the pump control operator to set a target fluid rate 
and the Software automatically controls the combined pump 
rates to meet the set point. In an embodiment, the pump 
control station also allows for remote monitoring of operating 
characteristics such as pump discharge pressure, wellhead 
iron pressure, motor winding temperatures, blower motor 
status, calculated pump rate, lube pressure, and/or bearing 
temperatures. In an embodiment, the pump control station 
also allows for remote monitoring of operating characteristics 
such as VFD information including, but not limited to, kilo 
watt load, current, Voltage, load percentage, VFD tempera 
ture, power factor, torque load, faults. In an embodiment, the 
pump control station also allows for remote monitoring of 
operating characteristics relating to the compressors or tur 
bines, discussed more fully below. 
0065. In the monitor/control data van 40, a treater station 
allows for remote control of various operating characteristics 
relating to the blender. For example, chemical set points such 
as flow rate, concentration, and enable/disable can be set. 
Additional operating characteristics that can be monitored or 
controlled can include pump k-factors, chemical schedule, 
density (sand) schedule, sand auger priorities, sand auger 
bulk densities, sand auger specific gravity, sand auger effi 
ciency, sand auger control mode (whether rationetric, densi 
tometer, or fluid), and enable/disable. 
0.066. In an embodiment, the treater station of the monitor/ 
control van 40 also enables remote monitoring of chemical 
flow rates, chemical concentration, slurry flow rate via tur 
bine or magnetic sensor, clean flow rate via turbine or mag 
netic sensor, pressures based on Suction and/or discharge. 
0067. In an embodiment, the treater station of the monitor/ 
control van 40 also enables remote monitoring of density, 
based on measurements from nuclear, vibration, or Coriolis 
measurements. The treater station can also enable monitoring 
of auger RPM, auger control, and auger priority. 
0068 Fluid flow rates can be obtained from a turbine 
flowmeter or magnetic flowmeter. Pressures can be obtained 
based on discharge or Suction. In an embodiment, the treater 
station of the monitor/control van 40 also enables remote 
monitoring of fluid pH, fluid viscosity, and fluid temperature. 
0069 Personnel control and radio communications allow 
the monitor/control data van 40 operator to monitor and con 
trol the equipment operators at the site. An engineering sta 
tion of the monitor/control data van 40 graphs and records 
everything the treater station and pump control station moni 
tor, provides insight into the sand silo weights, and can 
optionally broadcasts live data to offsite viewers. Also at the 
engineering station, the Emergency Power Off can be config 
ured to disable all equipment and open Switchgear breakers 
Substantially instantaneously. 
0070. In an embodiment, the electrically powered frack 
ing fleet can include a fracturing pump. In an embodiment, the 
pump can be controlled locally throughan onboard user inter 
face that will need to be individually operated. In an embodi 
ment, the pump can be controlled remotely by using a wired 
or wireless connection to a mobile user interface (often called 
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a Suitecase). Alternatively, the pump can be controlled by the 
monitor/control data van 40 pump control station by using 
either a wired or wireless connection; the monitor/control 
data van 40 can control all pumps simultaneously. Among the 
operating characteristics that can be controlled are the RPM, 
the local pressure trip set point, and enable/disable. 
0071. In an embodiment, operating characteristics of the 
fracturing pump that can be monitored include discharge 
pressure, calculated pump rate, lube oil pressure. Suction 
pressure, blower motor status, pump run status. In an embodi 
ment, operating characteristics of the motor of the fracturing 
pump that can be monitored can include RPM, winding tem 
peratures, bearing temperatures, kilowatt draw, torque load, 
Voltages, currents, and temperature warnings. 
0072. In an embodiment, operating characteristics of the 
VFD of the fracturing pump that can be monitored can 
include kilowatt load, current, Voltage, load percentage, VFD 
temperature, power factor, torque load, and faults. 
0073. In an embodiment, operating characteristics relating 
to the vibrations of the fracturing pump that can be monitored 
can include the fluid end, power end, discharge iron, coupler, 
the VFD housing, the blower, and the chassis. 
0074. In an embodiment, the electrically powered frack 
ing fleet can include a Switch gear. Operating characteristics 
relating to the Switch gear that can be monitored include the 
Emergency Power Off Status, the breaker status, the voltage, 
the current, the kilowatts, the breaker temperature(s), the 
enclosure temperature, the status of the fire alarm, and the 
ground fault. Control of the Switchgear can be accomplished 
by opening circuit breakers, either remotely or locally, with 
internal or external Switching. 
0075. In an embodiment, the electrically powered frack 
ing fleet can include sand equipment Such as silos. Monitor 
ing can be accomplished with wireless communications to the 
monitor/control data van 40, relaying operating characteris 
tics Such as weight (load cells), Volume obtained by measure 
ments by laser, nuclear, ultrasonic, or radar. Control of opera 
tional characteristics for the silos can include opening or 
closing sand outlets with a wireless remote control, Swinging 
the sand chute left or right with a wireless remote control, and 
control of the sand conveyor. 
0076 Specific to the dual belt sand conveyor, monitoring 
can include operating characteristics such as the motor RPM, 
the motor winding temperatures, the motor bearing tempera 
tures, the motor kilowatt draw, the motor torque load, the 
motor Voltages, the motor currents, and the motor tempera 
ture warnings, as well as the actual belt speed. Control of the 
sand conveyor can include motor enable/disable, and belt 
speed. 
0077. In an embodiment, the electrically powered frack 
ing fleet can include a dust collector vacuum unit. Monitoring 
the dust collector vacuum unit can include operating charac 
teristics such as the motor RPM, the motor winding tempera 
tures, the motor bearing temperatures, the motor kilowatt 
draw, the motor torque load, the motor Voltages, the motor 
currents, the motor temperature warnings, the vacuum pres 
Sure, the dust bag status, and the filtration status. Control of 
the dust collector vacuum unit can include enable/disable, as 
well as emergency off. 
0078. In an embodiment, the electrically powered frack 
ing fleet can include an Auxiliary Unit. The auxiliary unit 
includes capability to monitor the VFD, including operating 
characteristics of the auxiliary unit VFD such as kilowatt 
load, current, Voltage, load percentage, VFD temperature, 
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power factor, torque load, and faults. The operating charac 
teristics of the auxiliary unit that can be controlled include 
drive voltage and drive current. 
0079. In an embodiment, monitoring the transformer of 
the auxiliary unit can also be accomplished. Operating char 
acteristics that can be monitored include kilowatt load per 
centage, kilowatt power, Voltage input, Voltage output, cur 
rent input, current output, winding temperatures, and 
enclosure temperature. 
0080. In an embodiment, the electrically powered frack 
ing fleet can include one or more chemical transports (such as, 
for example, acid tankers). Operating characteristics that can 
be monitored for the chemical transports include flow rate, 
turbine acid (both measured based on, for example magnetic 
or Coriolis. Other operating characteristics that can be moni 
tored include amount of remaining product, based on weight 
(using load cells), level or pressure. The level can be moni 
tored based on tank float, capacitive sensor (if the transport 
carries liquid), laser, ultrasonic, or radar. Control between the 
transports and the monitor/control van can include opening or 
closing valves and isolating compartments. 
0081. In an embodiment, the electrically powered frack 
ing fleet can include a high pressure iron. The operating 
characteristics of the high pressure iron that can be monitored 
can include, for example, pressure between the wellhead and 
check valve, pressure between the check valve and manifold 
trailer, the backside pressure (measured at wellhead base, 
pressure from in between the casing), and vibration. 
I0082 In an embodiment, the electrically powered frack 
ing fleet can include a gas filtration skid. The operating char 
acteristics of the gas filtration skid that can be monitored can 
include, for example, water separator status, particulate filter 
status, gas Pressures (at the inlet, outlet, or internal), gas 
temperatures (at the inlet, outlet, or internal), valve statuses 
(open/closed), and filter bypass status. The operating charac 
teristics of the gas filtration skid that can be controlled can 
include, for example, the inlet valves, outlet valves, bypass 
valves, and pressure release (i.e., blow off). 
0083. In an embodiment, the electrically powered frack 
ing fleet can include a gas compressor. Operating character 
istics of the gas compressor that can be monitored can 
include, for example, compressor motor run status, cooler fan 
run status, oil pump run status, enclosure exhaust fan run 
status, inlet valve position, compressor oil isolation valve 
position, heater oil isolation valve position, power Supply 
alarm, emergency stop alarm, 20% LEL Gas Alarm, 40% 
LEL Gas Alarm, oil separator low alarm, compressor run fail, 
oil pump run fail, cooler fan run fail, cooler fan vibration 
Switch, inlet valve position alarm, inlet pressure low shut 
down (automated), inlet pressure low alarm, compressor dis 
charge pressure high shutdown (automated), compressor dis 
charge pressure high alarm, skid discharge pressure high 
alarm, skid discharge pressure high shutdown (automated), 
oil filter differential pressure high alarm, oil over discharge 
differential pressure low shutdown, oil over discharge differ 
ential pressure low alarm, compressor discharge temperature 
high alarm, compressor discharge temperature high shut 
down, compressor oil supply temperature high alarm, com 
pressor oil Supply temperature high shutdown, skid gas dis 
charge temperature high alarm, skid gas discharge 
temperature high shutdown, compressor Suction vibration 
high alarm, compressor Suction vibration high shutdown, 
skid enclosure temperature high alarm, skid enclosure tem 
perature high shutdown, compressor oil isolation valve posi 
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tion alarm, heater oil isolation valve position alarm, compres 
Sor discharge vibration high alarm, compressor discharge 
vibration high shutdown, compressor motor vibration high 
alarm, compressor motor vibration high shutdown, compres 
Sor motor winding high temperature alarms, compressor 
motor winding high temperature shutdown, compressor 
motor bearing drive end high temperature alarm, compressor 
motor bearing drive end high temperature shutdown, com 
pressor motor bearing non drive end high temperature alarm, 
compressor motor bearing non drive end high temperature 
shutdown, knockout drum high level alarm, skid enclosure 
high temperature alarm, oil pump flow failure alarm, cooler 
high vibration Switch alarm, skid enclosure fan run failure, oil 
Sump heater run failure, compressor inlet pressure, compres 
Sor discharge pressure, oil pump discharge pressure, com 
pressor oil Supply pressure, skid discharge pressure, skid gas 
inlet temperature, compressor discharge temperature, oil 
Sump temperature, compressor oil supply temperature, gas/ 
oil cooler outlet temperature, skid discharge temperature, 
skid enclosure temperature, compressor slide valve position, 
compressor motor stator phase RTD, compressor motor drive 
end bearing RTD, and compressor motor non drive end bear 
ing RTD. 
I0084. In an embodiment, the electrically powered frack 
ing fleet can include a gas compressor. Operating character 
istics of the gas compressor that can be controlled can 
include, for example, skid run command, emergency power 
off, and fire shutdown. 
I0085. In an embodiment, the electrically powered frack 
ing fleet can include a turbine. Operating characteristics of the 
turbine that can be monitored can include, for example, cali 
bration faults, node channel faults, node communication 
faults, IEPE power fault, internal power fault, program mode 
status, module fault, module power fault, controller battery 
Voltage low, controller key Switch position alert, forces 
enabled, forces installed, controller logic fault, backup over 
speed monitor system test required, backup over speed moni 
tor speed tracking error, controller task overlap time 
exceeded, turbine control channel fault, 120 V dc battery 
charger failure, turbine air inlet duct transmitter failure, tur 
bine air inlet filter high, control system Vdc Supply Voltage 
high/low, secondary control system 24 Vdc Supply Voltage 
high/low, controller failed to download configuration param 
eters to quantum premier, quantum premier node fault, quan 
tum premier read failure, quantum premier enclosure water 
mist system fault, CO2 extended valve switch position fail, 
CO2 extended line discharge, CO2 valves to vent with enclo 
sure unprotected, CO2 primary line discharged, CO2 primary 
valve switch position fail, enclosure fire alarm, QPR EDIO 
configuration fault, fire system inhibited with enclosure 
unprotected, enclosure fire system manual discharge acti 
vated, enclosure fire system trouble, turbine enclosure com 
bustible gas level high, electrical release inhibited with CO2 
not isolated, flame detector dirty lens, gas sensor configura 
tion error, turbine enclosure vent fan failure, and/or turbine 
enclosure vent filter. 

I0086 Operating characteristics of the turbine that can be 
also monitored can include, for example, turbine enclosure 
pressure low, turbine enclosure pressure low (while fire sys 
tem is inhibited), turbine enclosure temperature high, auto 
synchronization failure, CGCM1 configuration failure, 
CGCM1 excitation output short, CGCM1 hardware excita 
tion off, CGCM1 read failure, digital load share control chan 
nel fault, digital load share control communication fail, digi 

U.S. Well - Exhibit 2086 
Liberty v. U.S. Well - IPR2024-01274 

Page 11 of 16 



US 2016/0032703 A1 

tal load share control communication fail unit speed mode set 
to droop, digital load sharing logic fault, generator kW high 
exceeding drive train limitations, generator over excitation 
limiting active, generator phase rotation fault, generator rotat 
ing diode open fault, generator under excitation limiting 
active, generator phase winding temperature high, guide vane 
actuator force transmitter failure, gas fuel flow transmitter 
failure, main gas fuel valve command high-low gas fuel pres 
Sure, gas fuel main valve DP low-low gas fuel pressure, gas 
fuel pilot valve command high-low gas fuel pressure, gas fuel 
pilot valve DP low-low gas fuel pressure, gas fuel temperature 
high/low, gas main fuel vent failure, gas fuel vent failure, gas 
fuel vent LP failure, gas fuel valve check secondary failure to 
open or control valves leaking, gas fuel valve check primary 
failure to open or secondary leaking, gas fuel pressure too low 
to check valves, gas fuel control valve high pressure leak 
check failure, gas fuel valve high pressure leak check failure, 
gas fuel Valve low pressure leak check failure, main gas fuel 
valve tracking check failure, gas fuel vent valve check failure, 
guide vane actuator force high, gas producer delayed over 
speed, gas producer maximum continuous speed exceeded, 
gas producer compressor discharge pressure signal difference 
high, flameout Switch appears failed open, gas producer com 
pressor discharge pressure transmitter failure, gas fuel Supply 
pressure high, gas fuel Supply pressure low, gas fuel shutoff 
valves pressure alarm, and/or gas fuel control valve pressure 
high. 
0087 Operating characteristics of the turbine that can be 
also monitored can include, for example, fuel system air 
Supply pressure transmitter failure, fuel system air Supply 
pressure high/low, thermocouple input module thermistor 
failure, thermocouple input module thermistor A Vs B fault, 
low emissions mode disabled due to T1 RTD failure, T5 
compensation out of limits, T5 delayed temperature high, T5 
thermocouple reading high, T5 thermocouple failure, turbine 
air inlet temperature RTD Failure, XM BAM band max peak 
amplitude high, burner acoustic monitor signal failure from 
XM system, starter motor temperature high, NGP slow roll 
speed low, slow roll sequence interrupted, start VFD configu 
ration failure, start VFD fault, start VFD turbine node fault, 
backup lube oil pump test failure, backup system relay fail 
ure, post lube resumed with fire detected, lube oil tank level 
low, lube oil filter DP high, AC lube oil pump discharge 
pressure Switch failure, backup lube oil pump discharge pres 
sure switch failure, lube oil tank pressure high, lube oil header 
pressure high/low, lube oil tank temperature RTD failure, 
lube oil header temperature high/low, lube oil header tem 
perature low start delayed for warm up, engine bearing XM 
tachometer signal fault, engine GP thrust bearing temperature 
high, generator bearing temperature high, engine bearing 
X-Axis or Y-Axis radial vibration high, generator velocity 
vibration high, gearbox acceleration vibration high, gas fuel 
coalescing filter DP high, gas fuel coalescing filter-heater 
Summary alarm, gas fuel heater alarm, gas fuel heater shut 
down switch to liquid, filter liquid level his lower section, 
generator real power external set point analog input range 
check fail, test crank sequence timeout, and/or 120 Vdc bat 
tery charger failure. 
0088 Operating characteristics of the turbine that can be 
also monitored can include, for example, turbine airinlet filter 
transmitter failure, turbine air inlet filter DP high, CGCM1 
failure, CGCM1 CNet node fault, loss of generator circuit 
breaker auxiliary contact signal, generator excitation loss, 
generator kW high, exceeding drive train limitations, genera 
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tor over Voltage, generator PMG loss, generator protection 
relay cool down initiate, generator reverse VAR, generator 
rotating diode short fault, generator sensing loss, generator 
under Voltage, generator phase winding temperature RTD 
failure, and/or generator phase winding temperature high. 
I0089 Operating characteristics of the turbine that can be 
also monitored can include, for example, gas producer 
delayed over speed, gas producer maximum continuous 
speed exceeded. T5 delayed temperature high, lube oil filter 
DP high, lube oil filter inlet pressure transmitter failure, lube 
oil header temperature RTD failure, lube oil header tempera 
ture high, lube oil header temperature low with start inhibited, 
gas fuel heater fault, gas fuel skid pressure low-probable leak, 
filter liquid level hi FV-1 upper section, filter liquid level hi 
FV-2 upper section, normal stop from auxiliary terminal, 
normal stop from customer hardwire, normal stop from cus 
tomer terminal, normal stop from local terminal, normal stop 
from remote terminal, normal stop skid, normal stop from 
station terminal, gas fuel temperature high, gas producer 
compressor discharge pressure signal difference high, gas 
producer compressor discharge pressure transmitter failure, 
thermocouple input module multiple thermistor failure, mul 
tiple T5 thermocouple failure, turbine air inlet temperature 
RTD failure, gas fuel control temperature RTD failure, lube 
oil tank level low, lube oil tank pressure transmitter failure, 
lube oil tank pressure high, inlet block valve position mis 
match, blowdown valve position mismatch, CGCM1 fault, 
generator circuit breaker failure to open, generator over cur 
rent, generator over excitation, generator over frequency, 
generator reverse kW, and/or generator under frequency. 
0090. Operating characteristics of the turbine that can be 
also monitored can include, for example, guide vane actuator 
fault, guide vane position transmitter failure, guide vane 
actuator over temperature, main gas fuel Valve actuator fault, 
main gas fuel valve position transmitter failure, main gas fuel 
valve actuator over temperature, pilot gas fuel valve actuator 
fault, pilot gas fuel valve position transmitter failure, pilot gas 
fuel valve actuator over temperature, engine flameout 
detected by high fuel command, engine flameout detected by 
high fuel flow, engine flameout detected by low engine tem 
perature, engine under speed possibly due to flameout, gas 
fuel main valve discharge pressure difference high, main gas 
fuel valve position failure, gas fuel pilot valve discharge 
pressure difference high, gas fuel pilot valve position failure, 
gas fuel valve check failure, gas fuel valve Suction pressure 
difference high, guide vane actuator position failure, high 
start gas fuel flow, ignition failure, gas producer acceleration 
rate low, gas producer over/under speed, flameout Switch 
failure to transfer on shutdown, fail to accelerate, fail to crank, 
crank speed high, crank speed low, starter motor temperature 
high, start VFD fault, and/or start VFD turbine CNet node 
fault. 

0091 Operating characteristics of the turbine that can be 
also monitored can include, for example, backup lube oil 
pump test failure, lube pressure decay check failure, prefpost 
lube oil pump failure, backup lube oil pump failure, backup 
lube pressure decay check failure, lube oil tank temperature 
low start permissive, engine bearing 1 X-axis, Y-axis radial 
vibration high, generator DE velocity vibration high, genera 
tor EEvelocity vibration high, gearbox acceleration vibration 
high, backup over speed, backup speed probe failure, backup 
over speed detected VS backup system latch active mismatch, 
external watchdog fault, fast stop latch, controller executed 
first pass, microprocessor fail VS backup system latch active 
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mismatch, backup over speed monitor analog over speed, 
backup over speed monitor processor test fail, backup over 
speed monitor system test fail, backup over speed monitor 
speed tracking error, backup over speed monitor speed trans 
mitter failure, control system 24 Vdc Supply Voltage low, 
secondary control system 24 Vdc Supply Voltage low, turbine 
enclosure combustible gas level high, enclosure fire detected, 
enclosure fire detected VS backup system latch active mis 
match, enclosure fire system discharged, turbine enclosure 
gas detected VS backup system latch active mismatch, turbine 
enclosure combustible gas detection level high during pre 
start, turbine enclosure vent fan run failure start permissive, 
turbine enclosure vent fan 1 fail start permissive, turbine 
enclosure pressure transmitter failure, turbine enclosure pres 
sure low, turbine enclosure temperature RTD failure, and/or 
turbine enclosure temperature high. 
0092 Operating characteristics of the turbine that can be 
also monitored can include, for example, generator failure to 
Soft unload, generator protection relay fast stop initiate, main 
gas fuel valve manual test active during turbine start, pilot gas 
fuel Valve manual test active during turbine start, gas fuel 
temperature high, gas fuel temperature low, guide vane actua 
tor force high, guide vane actuator manual test active during 
turbine start, main gas metering AOI error, loss of gas pro 
ducer speed signal, gas producer maximum momentary speed 
exceeded, gas producer compressor discharge pressure dual 
transmitter failure, pilot gas metering AOI error, gas fuel 
Supply pressure transmitter failure, gas fuel Supply pressure 
high, gas fuel Valve check pressure transmitter failure, gas 
fuel shutoff valves pressure high, gas fuel control pressure 
transmitter failure, gas fuel control valve pressure high, gas 
fuel main valve discharge pressure transmitter failure, gas 
fuel main valve discharge pressure transmitter #2 failure, gas 
fuel pilot Valve discharge pressure transmitter failure, gas fuel 
pilot valve discharge pressure transmitter #2 failure, primary 
gas fuel shutoff Valve output module failure, secondary gas 
fuel shutoff valve output module failure, T5 instantaneous 
temperature high, delayed single T5 thermocouple high, 
single T5 thermocouple high, T5 thermocouples fail to com 
pletely light around, low start pressure lube oil inhibit, backup 
system relay failure, lube pump output module failure, pos 
sible engine bearing failure due to interrupted post lube, pos 
sible engine bearing failure due to low header pressure while 
rotating, lube oil header pressure transmitter failure, lube oil 
header pressure low, and/or lube oil tank temperature RTD 
failure. 

0093 Operating characteristics of the turbine that can be 
also monitored can include, for example, engine GP thrust 
bearing temperature RTD failure, engine GP thrust bearing 
temperature high, generator DE bearing temperature RTD 
failure, generator DE bearing temperature high, generator EE 
bearing temperature RTD failure, generator EE bearing tem 
perature high, emergency stop customer, emergency stop cus 
tomer VS backup system latch active mismatch, emergency 
stop skid turbine control panel VS backup system latch active 
mismatch, fast stop skid (turbine control panel), system off 
lockout, backup over speed monitor system test pass, startup 
acceleration active, cooldown, ignition, engine not ready to 
run (i.e., clear the alarms), on load, pre-start, pre-crank mode 
Summary, purge crank, ready to load, ready to run, driver 
running, starter dropout speed established, driver starting, 
driver stopping, test crank, on-line cleaning shutoff valve 
open, on-crank cleaning shutoff valve open, on-crank water 
wash enabled, on-line water wash enabled, all CO2 valves to 
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vent, CO2 extended valve to enclosure, CO2 extended valve 
to vent, CO2 primary valve to enclosure, CO2 primary valve 
to vent, turbine enclosure is being purged, turbine enclosure 
vent fan 1 run command ON, and/or enclosure ventilation 
interrupt possible. 
0094 Operating characteristics of the turbine that can be 
also monitored can include, for example, water mist dampers 
commanded to close, auto Sync frequency matched, auto Sync 
phase matched, auto Sync phase rotation matched, auto Sync 
Voltage matched, bus phase rotation ACB, bus Voltage trim 
active, bus voltage trim enabled, CGCM1 configuration com 
plete, CGCM1 excitation output enabled, CGCM power 
meters preset complete, dead bus synchronization enable, 
digital load share control unit communication fail, generator 
auto Voltage regulation control active, generator circuit 
breaker auto Sync active, generator circuit breaker closed, 
generator circuit breaker close command, generator circuit 
breaker tripped, excitation field current regulation control 
active, excitation field current regulation control selected, 
generator kVAR load sharing active, generator kW control 
mode active, generator load sharing active, generator PF con 
trol mode active, generator phase rotation ACB, generator 
Soft unload, generator VAR control mode active, grid mode 
droop load control mode active, generator grid mode opera 
tion, grid speed droop selected, grid Voltage droop selected, 
and/or grid mode Voltage droop control active. 
0.095 Operating characteristics of the turbine that can be 
also monitored can include, for example, generator unloading 
active, utility circuit breaker closed, kVAR control selected, 
PF control selected, gas valve check-fuel control valve(s) leak 
check test active, gas valve check control valve tracking test 
active, guide vane actuator enabled, gas fuel control valve 
enabled, gas fuel pilot control valve enabled, main gas fuel 
valve manual test active, pilot gas fuel valve manual test 
active, fuel control inactive, gas fuel valve manual test mode 
permissive, gas main vent in progress, gas fuel valve check 
sequence complete, gas fuel Valve check in progress, guide 
Vane cycle test active, guide vane cycle test failed, guide vane 
cycle test passed, guide vane manual cycle test enabled, guide 
Vane actuator manual test mode active, guide vane actuator 
manual test mode permissive, gas valve check initial venting 
is active, light off light off ramp control mode, load control 
mode, igniter energized, max fuel command mode, minimal 
fuel control mode, gas producer acceleration control mode, 
off skid gas fuel bleed valve tripped-manual reset required to 
close, off skid gas fuel block valve tripped-manual reset 
required to open, off-skid gas fuel system vented to off-skid 
gas fuel block valve, gas valve check-primary shutoff leak 
check test active, gas valve check-secondary shutoff leak 
check test active, SoLoNOx control minimum pilot mode, 
SoLoNOx control mode active, and/or SoLoNOx control 
mode enabled. 

0096 Operating characteristics of the turbine that can be 
also monitored can include, for example, start ramp control 
mode, bleed valve control valve energized, primary gas fuel 
shutoff valve energized, gas fuel vent valve energized, sec 
ondary gas fuel shutoff valve energized, gas fuel torch valve 
energized. T5 temperature control mode, engine at crank 
speed, slow roll enabled, slow roll mode, start VFD configu 
ration complete, start motor VFD parameter configuration 
enabled, start motor VFD parameter configuration in 
progress, start VFD run command ON, backup lube oil pump 
test failed, backup lube oil pump test passed, backup lube oil 
pump run command ON, backup lube oil pump pressurized, 
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backup lube oil pump test in progress, controller active relay 
set, lube oil engine turning mode, lube oil engine turning and 
post lube mode, lube oil cooler fan 1 run command, lube oil 
header pressurized, lube oil tank heater ON. lube oil tank 
level low, post lube active, lube oil post lube mode, lube oil 
pre engine turning mode, lube oil prelube mode, prefpostlube 
oil pump run command ON, prefpost lube oil pump pressur 
ized, lube oil pump check mode, backup pump check request 
during restart without complete pump check required, gas 
fuel filter-heater online, gas fuel filter-heater on purge, gas 
fuel skid healthy, gas fuel heater on enable, gas fuel inlet 
block valve closed, gas fuel inlet block valve open, gas fuel 
blowdown valve ON=CLOSED, and/or gas fuel blowdown 
valve open. 
0097. Operating characteristics of the turbine that can be 
also monitored can include, for example, alarm acknowledge, 
alarm Summary, system reset initiated from auxiliary display, 
flash card full or not present, cooldown lock-out Summary, 
cooldown non-lock-out Summary, system control auxiliary, 
system control customer, system control local, system control 
remote, customer set point tracking enabled, system reset 
from customer interface, default configuration mode active, 
fast stop lock-out Summary, fast stop non-lock-out Summary, 
external kW set point enabled, system reset initiated from 
local display, system reset initiated from local terminal, log 
ready for review, system reset from remote terminal, shut 
down Summary, external speed set point enabled, system reset 
from station terminal, logging total counts reset, save trigger 
log data, user defined configuration active, user defined 
operation mode grid PF control mode selected, user defined 
operation mode grid kW control mode selected, user defined 
operation mode grid speed droop control mode detected, user 
defined operation mode grid voltage droop control mode 
selected, user defined operation mode island VR constant 
Voltage control mode selected, user defined operation mode 
island VR kVAR LS mode selected, user defined operation 
mode island speed droop selected, user defined operation 
mode island speed Isoch selected, and/or user defined opera 
tion mode island VR droop selected. 
0098. Operating characteristics of the turbine that can be 
also monitored can include, for example, external Voltage set 
pointenabled, backup over speed monitor speed, backup over 
speed monitor System test speed delta, expected backup over 
speed monitor trip set point, calculated backup over speed 
monitor trip speed, control system 24 Vdc Supply Voltage, 
secondary control system 24 Vdc Supply Voltage, turbine air 
inlet DP. turbine air inlet filter DP #1 turbine enclosure inlet 
combustible gas sensor LEL, fuel area combustible gas sen 
sor LEL, turbine enclosure exhaust combustible gas sensor 
LEL, turbine enclosure pressure, enclosure purge time 
remaining, turbine enclosure temperature, enclosure vent fan 
interrupt time remaining, bus average line-to-line Voltage, bus 
phase Voltage, bus frequency, bus phase AB Voltage, bus 
phase BC Voltage, bus phase CA voltage, load share control 
unit network number, generator field current set point, gen 
erator average current, generator average line-to-line Voltage, 
generator average power factor, generator auto Voltage regu 
lation set point, generator excitation current, generator exci 
tation ripple, generator excitation Voltage, generator filtered 
total real power, generator frequency, generator GVAR hours, 
generator GVA hours, generator GW hours, generator kVAR 
set point, generator kW set point, generator MVAR hours, 
generator total MVA hours, generator MVA hours, generator 
MVA total hours, generator MW hours, generator total MW 
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hours, generator power factor set point, generator phase AB 
Voltage, generator phase A current, generator phase A wind 
ing temperature, generator phase BC Voltage, generator phase 
B current, generator phase B winding temperature, generator 
phase CA Voltage, generator phase C current, generator phase 
C winding temperature, generator total apparent power, gen 
erator total reactive power, and/or generator total real power. 
0099 Operating characteristics of the turbine that can be 
also monitored can include, for example, digital load share 
control unit group number (for all units), digital load share 
control unit PUKVAR (for all units), digital load share con 
trol unit PU KW (for all units), Fuel System Air Supply 
Pressure (for all units), Engine Cooldown Time Remaining 
(for all units), Gas Producer Compressor Discharge Pressure 
(for all units), and/or Gas Producer Compressor Discharge 
Pressure (for all units). 
0100 Operating characteristics of the turbine that can be 
also monitored can include, for example, engine serial num 
ber, fuel control total fuel demand, gas fuel control pressure, 
gas fuel control temperature, gas fuel flow, gas fuel main 
valve discharge pressure, gas fuel main Valve discharge pres 
Sure signal low winner, gas fuel percent of total flow to pilot 
manifold, gas fuel pilot percent set point, gas fuel pilot valve 
discharge pressure, gas fuel pilot valve discharge pressure 
signal low winner, gas fuel Supply pressure, gas fuel Valve 
Suction pressure signal high winner, gas fuel valve check 
pressure, guide vane actuator command, guide vane actuator 
force, guide vane actuator position feedback, maximum GV 
force amplitude this hour, main gas fuel valve command, 
main gas fuel valve position feedback, maximum fuel com 
mand limit, minimum fuel command limit, gas producer 
speed, maximum recorded NGP above maximum momentary 
speed, gas producerspeed set point, percent load corrected for 
T1 and elevation, pilot gas fuel Valve command, and/or pilot 
gas fuel Valve position feedback. 
0101 Operating characteristics of the turbine that can be 
also monitored can include, for example, ready to load time 
remaining, SoLoNOx control disable set point, SoLoNOx 
control enable set point, SoLoNox control T5 set point, air 
inlet temp RTD failure time remaining before shutdown, air 
inlet temperature, number of active T5 thermocouples, aver 
age T5 temperature, T5 compensator, T5 max reading, T5 
maximum to minimum spread. T5 thermocouple, T5 set 
point, burner acoustic monitor overall amplitude, maximum 
burner acoustic monitor overall amplitude this hour, restart 
time remaining, slow roll time remaining, start VFD DC bus 
voltage, start VFD drive status, start VFD fault code, starter 
motor current, starter motor frequency, starter motor power, 
start VFD motor power factor, starter motor voltage, start 
VFD digital input status, lube oil filter DP. lube oil filter inlet 
pressure, lube oil header pressure, lube oil header tempera 
ture, lube oil tank pressure, lube oil tank temperature, post 
lube interrupt lockout time remaining, post lube time remain 
ing, and/or pre-lube time remaining. 
0102 Operating characteristics of the turbine that can be 
also monitored can include, for example, engine rundown 
time remaining, engine bearing vibrations, engine purge time 
remaining, exhaust purge time remaining, engine efficiency 
actual, engine efficiency difference, engine efficiency pre 
dicted, engine heat flow actual, engine heat rate actual, engine 
heat rate difference, engine heat rate predicted, engine PCD 
difference, engine predicted PCD, engine power difference, 
engine powerfull load, engine power predicted, engine power 
reserve, engine T5 difference, engine T5 predicted, fuel flow 
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gas output, generator reactive power set point from customer 
terminal, generator real power set point from remote terminal, 
generator power factor set point from customer terminal, 
speed set point from customer terminal, generator Voltage set 
point from customer terminal, engine fired hour count, main 
gas fuel valve manual test set point, pilot main gas fuel valve 
manual test set point, generator hour count, number of Suc 
cessful generator starts, guide vane actuator manual test set 
point, generator real power external set point in kW, manual 
NGP set point, reference temperature, generator reactive 
power set point from remote terminal, generator real power 
set point from remote terminal, generator power factor set 
point from remote terminal, speed set point from remote 
terminal, generator Voltage set point from remote terminal, 
RGB hour count, number of successful RGB starts, engine 
start count, generator reactive power set point from station 
terminal, generator real power set point from station terminal, 
generator power factor set point from station terminal, speed 
set point from station terminal, and/or generator Voltage set 
point from Station terminal. 
0103 Operating characteristics of the turbine that can also 
be controlled can include, for example, auto Synchronize 
initiate command, bus Voltage trim disable? enable, customer 
set point tracking disable? enable command from customer 
terminal, customer control disable command from the cus 
tomer terminal, generator circuit breaker trip, disable genera 
tor Soft unload from island mode, enable generator soft 
unload from island mode, set default generator control 
modes, set user defined generator control modes, horn 
silence, select speed droop island mode, island mode select 
speed isoch, island mode VR constant Voltage control select, 
island mode VR droop select, island mode kVAR load sharing 
select, disable? enable external kW set Point, start manual 
back up lube pump check, initiate manual cycle test, preset 
MW/MVAR/MVA hour counters, run at rated volts and fre 
quency disabled/enabled, remote control enable command 
from the customer terminal, reset command from customer 
terminal, disable external speed set point, enable external 
speed set point, turbine start, starter VFD configuration 
request, normal stop, test crank start/stop, disable external 
Voltage set point customer terminal, enable external Voltage 
set point customer terminal, automatic Voltage regulation 
mode select, excitation field current regulation mode select, 
on crank cleaning start/stop, on line cleaning start/stop, gen 
erator reactive power set point from customer terminal, gen 
erator real power set point from customer terminal, generator 
power factor set point from customer terminal, speed set point 
from customer terminal, and/or generator Voltage set point 
from customer terminal. 

0104. This process of injecting fracturing fluid into the 
wellbore can be carried out continuously, or repeated multiple 
times in stages, until the fracturing of the formation is opti 
mized. Optionally, the wellbore can be temporarily plugged 
between each stage to maintain pressure, and increase frac 
turing in the formation, or to isolate stages to direct fluid to 
other perforations. Generally, the proppant is inserted into the 
cracks formed in the formation by the fracturing, and left in 
place in the formation to prop open the cracks and allow oil or 
gas to flow into the wellbore. 
0105 While the technology has been shown or described 
in only some of its forms, it should be apparent to those skilled 
in the art that it is not so limited, but is susceptible to various 
changes without departing from the scope of the technology. 
Furthermore, it is to be understood that the above disclosed 
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embodiments are merely illustrative of the principles and 
applications of the present technology. Accordingly, numer 
ous modifications can be made to the illustrative embodi 
ments and other arrangements can be devised without depart 
ing from the spirit and scope of the present technology as 
defined by the appended claims. 
What is claimed is: 
1. A system for hydraulically fracturing an underground 

formation in an oil or gas well to extract oil or gas from the 
formation, the oil or gas well having a wellbore that permits 
passage of fluid from the wellbore into the formation, the 
system comprising: 

a plurality of electric pumps fluidly connected to the well, 
and configured to pump fluid into the wellbore at high 
pressure so that the fluid passes from the wellbore into 
the formation, and fractures the formation; 

a plurality of generators electrically connected to the plu 
rality of electric pumps to provide electrical power to the 
electric pumps; and 

a centralized control unit coupled to the plurality of electric 
pumps and the plurality of generators, wherein the cen 
tralized control unit is configured to: 

monitor at least one of pressure and temperature of the 
plurality of electric pumps and the plurality of genera 
tOrS. 

2. The system of claim 1, wherein at least some of the 
plurality of generators are powered by natural gas, and 
wherein the centralized control unit is further configured to 
monitor and control compression of the natural gas. 

3. The system of claim 1, wherein at least some of the 
plurality of generators are turbine generators and wherein the 
centralized control unit is further configured to monitor and 
control the turbine generators. 

4. The system of claim 1, further comprising: 
a variable frequency drive that controls a speed of the 

electric pumps. 
5. The system of claim 1, wherein the centralized control 

unit is coupled to the plurality of electric pumps and the 
plurality of generators via cabling or Ethernet. 

6. The system of claim 4, wherein the centralized control 
unit is further configured to reset a fault occurring in the 
variable frequency drive. 

7. The system of claim 1, further comprising an emergency 
power off unit coupled to the centralized control unit, the 
plurality of electric pumps, and the plurality of generators, 
wherein the emergency power off unit is configured to Sub 
stantially immediately cut power to the plurality of generators 
when activated. 

8. The system of claim 7, the emergency power off unit 
comprising an auxiliary power and a Switchgear, each 
coupled to the plurality of generators and the centralized 
control unit, wherein the Switchgear is responsive to a signal 
from the centralized control unit to open a breaker to substan 
tially immediately cut power to the plurality of generators. 

9. A method, comprising: 
pumping fracturing fluid into a well in a formation with an 

electrically powered pump at a high pressure so that the 
fracturing fluid enters and cracks the formation, the frac 
turing fluid having at least a liquid component and a 
Solid proppant, and inserting the solid proppant into the 
cracks to maintain the cracks open, thereby allowing 
passage of oil and gas through the cracks; 

powering the electrically powered pump with a generator; 
and 
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monitoring at a centralized control unit at least one of 
pressure and temperature of the electrically powered 
pump and the generator. 

10. The method of claim 9, further comprising monitoring 
compression of natural gas; wherein the generator is powered 
by natural gas. 

11. The method of claim 9, further comprising controlling 
compression of natural gas; wherein the generator is powered 
by natural gas. 

12. The method of claim 9, wherein the generator is a 
turbine generator, the method further comprising monitoring 
the turbine generator. 

13. The method of claim 9, wherein the generator is a 
turbine generators; the method further comprising controlling 
the turbine generator. 

14. The method of claim 9, further comprising controlling 
the speed of the pump with a variable frequency drive. 

15. The method of claim 14, further comprising resetting a 
fault occurring in the variable frequency drive from the cen 
tralized control unit. 

16. The method of claim 9, further comprising coupling the 
centralized control unit to the electrically powered pump and 
the generator via cabling or Ethernet. 

17. The method of claim 9, further comprising: 
providing an emergency power off unit coupled to the 

centralized control unit, the electrically powered pump 
and the generator, and 

Substantially immediately cutting power to the generator 
by activating the emergency power off unit. 

18. The method of claim 17, the emergency power off unit 
comprising an auxiliary power and Switchgear, each coupled 
to the generator and the centralized control unit, the method 
further comprising signaling the Switchgear from the central 
ized control unit to open a breaker to Substantially immedi 
ately cut power to the generator. 

19. A system for centralized monitoring and control of a 
hydraulic fracturing operation, comprising: 
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an electric powered fracturing fleet, the electric powered 
fracturing fleet comprising: 

a combination of one or more of electric powered pumps, 
turbine generators, blenders, sand silos, chemical stor 
age units, conveyor belts, manifold trailers, hydration 
units, variable frequency drives, Switchgear, transform 
ers, compressors; 

and 
a centralized control unit coupled to electric powered frac 

turing fleet, wherein the centralized control unit is con 
figured to: 

monitor one or more operating characteristics of the elec 
tric powered fracturing fleet; and 

control one or more operating characteristics of the electric 
powered fracturing fleet. 

20. The system of claim 19, further comprising an emer 
gency power off unit coupled to the centralized control unit, 
the electric powered pumps and the turbine generators, the 
emergency power off unit configured to Substantially imme 
diately cut power to the turbine generators when activated. 

21. The system of claim 20, the emergency power off unit 
comprising an auxiliary power and Switchgear, each coupled 
to the generators and the centralized control unit, the Switch 
gear responsive to a signal from the centralized control unit to 
open a breaker to substantially immediately cut power to the 
turbine generators. 

22. The system of claim 19, wherein the centralized control 
unit is further configured to monitor and control compression 
of natural gas. 

23. The system of claim 19, wherein the centralized control 
unit is further configured to monitor and control the turbine 
generators. 

24. The system of claim 19, wherein the centralized control 
unit is coupled to the electric powered pumps and the turbine 
generators via cabling or Ethernet. 

k k k k k 
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