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Qilfield Area Network Communication System and Method

BACKGROUND
[0001] Oilfield service operations may be performed at or in proximity to a well bore
at remote locations. These service operations can include, but are not limited to,
logging the well bore and/or the lithology of the formations surrounding the well bore,
inserting a well bore casing, cementing the well bore casing in the well bore,
perforating the well bore casing, treatment of one or more reservoirs proximate the
well bore, hydraulic fracturing of one or more reservoirs proximate the well bore,
steam injection into one or more reservoirs proximate the well bore, and other
servicing operations. Some service operations may be performed shortly after
completing the initial drilling and casing of the well bore. Other service operations may
be performed sub:stantially later, as for example some well stimulation operations may
be performed after a well has been producing oil and/or gas for a period of time and
production from the well has slowed down encugh to make the stimulation operation
prudent to restore production volumes. Providing oilfield services may involve time
sensitive control and coordination of skilled and unskilled personnel, vehicles,
complicated tools and/or machiﬁery, sensors, materials, and compositions of
materials. Communication technologies play a central role in successful completion of
oilfield service operations. As the complexity and sophistication of oilfield tools and
technologies increase, the need for improved communication technologies for oilfield

operations also increases.
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[0002] Oil and gas wells are often remotely located, and telecommunications
infrastructure may be limited in such remote locations. For example, wired access 1o a
communications network, such as twisted pair subscriber lines and/or cable lines, may
hot be provided at these remote locations. Similarly, mobile or fixed celiular wireless
access may not be provided at these remote locations. Additionally, in some
developing countries where oilfield operations are conducted telecommunications
infrastructure may be limited and/or unreliable. Some wireless local area network
(WLAN) embodiments are known in the oilfield and provide advantages associated
with avoiding the burden and hazards of wiring equipment together.

10003] Satellite enabled communications can link remote locations to offices that
are connected 1o public communications infrastructure. However, reliable, broadband
wireless communication over an extended well site and among a plurality of well sites
that may include transmitting high bit rate sensor data from sensors offset from the
well bore by several hundreds or thousands of meters may not be satisfied by known
WLAN and satellite communications solutions. Satellite communications may be
subject {0 excessive latency or propagation delay associated with the distance a
transmission fravels across the several satellite links from transmitter to receiver. For
example, 10 propagate real-time data from a first well site to a second well site in the
oilfield may involve the data traversing a first up link from the first well site fo the
satellife, traversing a first down link from the satellite to an oilfield service company
corporate office or regional office, traversing a second up link from the office o the
satellite, and traversing a second down link from the satellite to the second well site —
four one-way trips to/from a satellite positioned, for example, about 38,400 kilometers

above the earth in geo-synchronous orbit. Satellite communication is subject to
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various reliability problems including rain fade (attenuation or failure of signal strength
due to precipitation in one of the satellite link paths) and radio interference from solar
flares. WLAN communications solutions may not support both the transmission rates
and the distance requirements contemplated for present and future oilfield
communications. Additionally, known WLAN and satellite communications solutions
may not provide broadband wireless communications between separate well sites in a
remote area, which may be advantageous to leverage the value of key personnel who
may be able to consult with less skilled personnel on each of muitiple well sites based
on richly detailed real-time data wirelessly communicated to the location of the key
personnel. Thus, an ongoing need exists for improved oilfield area network
communication systems and methods of using same to service a wellbore.
SUMMARY

[0004] Disclosed herein is a method of conducting a well treatment service job,
comprising assembling an oilfield communication network comprising a plurality of
mobile terminals distributed across a plurality of well sites and a plurality of base
transceiver stations, wherein some of the mobile terminals are coupled to each other
In wireless communication by the base transceiver stations; preparing a well for the
well treatment service job; performing one or more well treatment steps; collecting one
or more data parameters associated with the well treatment service job; and
communicating the one or more data parameters from at least a first one of the mobile
terminals via the oilfield communication network. The method may further comprise
adjusting a parameter associated with performing one of the well treatment steps
based on at least one of the data parameters communicated via the oilfield

communication network. The well treatment service job may be one of a fracturing a
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reservoir via the well bore, an acidation stimulation treatment of a reservoir via the well
bore, a casing the well bore, a cementing the well bore, and a logging the well bore.
The well treatment service job may be a hydraulic fracturing job. The method may
further comprise monitoring microseisms, and some of the data parameters
associated with the well treatment service may include microseism sensor data. The
microseisms may be monitlored at the surface, the assembling the oilfield
communication network may include placing one or more microseism sensors at
surface locations, and each microseism sensor may be coupled to one of the mobile
terminals. The microseisms may be monitored below the surface, the assembling the
oilfield communication network may include placing one or more microseism sensors
In sub-surface locations, and each microseism sensor may be coupled to one of the
mabile terminals. The mobile terminals may wirelessly communicate with the base
transceiver stations using licensed frequency spectrum. Assembling the oilfield
communication network may further comprise coupling the base transceiver stations to
a public network and coupling a real-time operations center to the base transceiver
stations via the public network. In an embodiment, the base transceiver stations are
not coupled to the public network using satellite communications. The base
transcelver stations may schedule the wireless communications of the mobile
terminals and the scheduling includes allocating a first number of subcarriers to a first
one of the mobile terminals and allocating a second number of subcarriers to a second
one of the mobile terminals, where the first number of subcarriers is different from the
second number of subcarriers. The data parameters may include at least one of a
fracturing fluid volume per unit of time introduced into the well bore of the well, a

pressure at which a fracturing fluid is introduced into the well bore of the well, a
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density of a fracturing fluid, a mix or proppant material in a fracturing fluid, a fracturing
fluid composition recipe, a viscosity profile of a fracturing fluid, a bottomhole
temperature of the well, a fransmission temperature of servicing equipment, an engine
temperature of servicing equipment, an engine manifold pressure of servicing
equipment, an engine speed of servicing equipment, a fuel reserve of servicing
equipment, an equipment discharge pressure, a sandscrew operation speed, and an
equipment forque vaiue. The method may further comprise wirelessly communicating
one of voice, data, video, and multimedia traffic from at least one of the mobile
terminals via the oilfield communication network.

[0005] Further disclosed herein is an oilfield area network, comprising a first base
transceiver station (BTS) configured to be a mobile BTS and configured with an
autonomous electrical power source; and a plurality of mobile terminals, wherein each
mobile terminal is configured to communicate wirelessly according to orthogonal
frequency division multiple access (OFDMA) with the first BTS, wherein the first BTS
schedules the wireless communication of the mobile terminals, and wherein at least
some of the maobile terminals transmit sensor data in real-time to the first BTS. At
least some of the mobile terminals may be configured to adopt to communicate using
at least two different frequency bands based on the location of the oilfield area
network. The mobile terminals may communicate with the first BTS according to an
IEEE-802.16 broadband wireless communications standard. The oilfield area network
may further comprise a second BTS configured to wirelessly communicate with a radio
access network of a common carrier and to bridge the oilfield area network to the radio
access network. The second BTS may be configured to be a mobile BTS and

configured with an autonomous electrical power source. The oilfield area network may
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further comprise a second BTS configured to communicate through a wired link with a
public switched telecommunications hetwork and to bridge the oilfield area network to
the public switched telecommunications network. The second BTS may be configured
to be a mobile BTS and configured with an autonomous electrical power source. The
oilfield area network may further comprise a third BTS configured to be a mobile BTS
and configured with an autonomous electrical power source and wirelessly coupled to
the first BTS according to the IEEE-802.16 broadband wireless communication
standard; and another plurality of mobile terminals wherein each of the other piurality
of mobile terminals is configured to communicate wirelessly according to OFDMA with
the third BTS and wherein at least some of the other mobile terminals communicate
with some of the mobile terminals via the third BTS and the first BTS. At least some
of the other mobile terminals may be configured to adopt to communicate using at
least two different frequency spectrum allocations based on the location of the oilfield
area network. The third BTS may be about 48 kilometers away from the first BTS.
One of the first BTS and the third BTS may be mounted on a drilling mast or derrick.
The oilfield area network may further comprise a real-time operations center
associated with one or more of the other mobile terminals in communication with the
third BTS. The oilfield area network may further comprise a field office associated with
one or more of the other mobile terminals in communication with the third BTS. The
mobile terminals may transmit one of well service parameter data and well service
equipment data in real-time to the first BTS from a location at least 2000 meters away
from the first BTS. The first BTS may transmit at least one of voice traffic, data traffic,

video fraffic, and multi-media traffic to at least one of the mobile terminals.
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[0006] Further disclosed herein is a method of servicing a well bore, comprising
bringing into service a first mobile BTS; bringing into position proximate the well bore a
first well bore servicing vehicle; and bringing a plurality of mobile terminals into
wireless communication with the first mobile BTS to promote at least one of monitoring
and controlling the well bore servicing, wherein the wireless communication uses
OFDMA, wherein at least a first one of the mobile terminals communicates with at
least a second one of the mobile terminals through the first mobile BTS, and wherein
the Tirst mobile terminal is associated with the first well bore servicing vehicle. The first
well bore servicing vehicle may be configured to promote at least one of fracturing a
reservoir via the well bore, an acidation stimulation treatment of a reservoir via the well
bore, casing the well bore, cementing the well bore, and logging the well bore. The
method may further comprise bringing into service a second mobile BTS, wherein the
second mobile BTS is coupled to the first mobile BTS; and monitoring the well bore
servicing vehicle from a remote terminal in wireless communication with the second
mobile BTS, wherein the wireless communication of the remote terminal with the
second mobile BTS uses OFDMA. In an embodiment, the second mobile BTS is not
coupled to the first mobile BTS using a satellite communication link. Bringing into
service the first mobile BTS may include adjusting a height of a first antenna
associated with the first mobile BTS and bringing into service the second mobile BTS
may include adjusting a height of a second antenna associated with the second mobile
BTS, whereby line-of-sight wireless communication between the first mobile BTS and
the second mobile BTS is promoted. The method may further comprise analyzing a
sensor Input received by the first mobile terminal; and adjusting control parameters of

the well bore servicing based on analyzing the sensor input. The sensor input may be
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provided by the second mobile terminal, the second mobile terminal may be
associated with a microseismic sensor, and the second mobile terminal may be
located at least 200 meters away from the first mobile BTS. The mobile terminals may
communicate wirelessly with the first mobile BTS according to a Worldwide
Interoperability for Microwave Access (WiIMAX) communication protocol. At least
some of the mobile terminals may communicate wireless with the first mobile BTS
according fo one of a 3.5 generation wireless communication technology and a 4
generation wireless communication technology. The well bore servicing vehicle may
be configured to promote a hydraulic fracture service operation. The well bore
servicing vehicle may be configured to promote a water fracture service operation.
The well bore servicing vehicle may be configured to promote a well stimulation
service operation.

[0007] Further disclosed herein is an oilfield area communication network,
comprising a plurality of base transceiver stations; and a plurality of mobile terminals
configured to wirelessly communicate with each other via the base transceiver stations
using orthogonal frequency division multiple access wireless communication links
scheduled by the base transceiver stations; wherein the content of the wireless
communication is one or more of voice communication, data communication, video
communication, and muiti-media communication; and wherein the base transceiver
stations are configured to relay a wireless communication from a first mobile terminal
served by a first base {ransceiver station o a second base transceiver station and to
relay the wireless communication to a second mobile terminal served by the second
base transceiver station. The plurality of base transceiver stations may provide

wireless communications services throughout substantially the full extent of a
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production region, thereby lighting the production region. The oilfield area
communication network may further comprise a real-time operations center coupled to
the oilfield area communication network via a public network, wherein the real-time
operations center is operable to concurrently monitor well servicing operations at a
plurality of well sites in the coverage areas of the base transceiver stations, and
wherein the monitoring is promoted by data received at the real-time operations center
from the at least one of the plurality of mobile terminals.

[0008] Further disclosed herein is a method of conducting a fracturing service job,
comprising introducing a first fracturing fluid via a well bore into a reservoir according
to a first group of parameter values; sensing microseisms associated with the
reservoir; wirelessly communicating microseism data in real-time to an analysis station
proximate to the well bore; determining a second group of parameter vaiues based on
the microseism data and the first group of parameter values; and introducing a second
fracturing fluid via the well bore into the reservoir according to the second group of
parameter values. Wirelessly communicating may be accomplished using licensed
frequency spectrum. The licensed frequency spectrum may be in one of the
frequency bands from about 2.5 GHz to about 2.7 GHz and from about 3.3 GHz to
about 3.9 GHz. The wirelessly communicating may be conducted using scheduled
transmission bursts containing the microseism data, and the scheduling may be based
on wireless environmental conditions. The scheduling may be based on a plurality of
channel conditions associated with orthogonal frequency division multiplex sub-
carriers. The microseism data may be communicated to the analysis station at a
throughput rate in the range of about 1 million bits per second to about 12 million bits

per second. The microseism data may be communicated o the analysis station at a
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throughout rate of about 10 million bits per second. The microseisms may be sensed

in the subsurface region. The microseisms may be sensed at the surface.

10009] These and other features will be more clearly understood from the following

detailed description taken in conjunction with the accompanying drawings and claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] For a more complete understanding of the present disclosure, reference is.

now made to the following brief description, taken in connection with the

accompanying drawings and detailed description, wherein like reference numerals

represent like parts.

[0011] FIG. 1 is an illustration of an oiifield area network communication system

according fo one or more embodiments of the disclosure.

[0012] FIG. 2 is another illustration of the oilfield area network communication

system according to one or more embodiments of the disclosure.,

10013} FIG. 3A is a flow chart of a method of conducting a fracturing job with

microseismic fracture monitoring according to an embodiment of the disclosure.

[(0014] F1G. 3B is a flow chart of a method of conducting a fracturing job based on

monitoring fracturing parameters and/or equipment health data according fo an

embodiment of the disclosure.

[0015] FIG. 4 is a flow chart of a method of conducting a well bore servicing job

according to an embodiment of the disclosure.

[0016] FIG. 5 is an illustration of a handset suitable for implementing some aspects

of an embodiment of the disclosure.

10017} FIG. 6 is a block diagram of a handset suitable for implementing some

aspects of an embodiment of the disclosure.
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10018] FIG. 7 is a block diagram of a handset software architecture suitable for
implementing some aspects of an embodiment of the disclosure.
[0019] FIG. 8 illustrates an exemplary general purpose computer system suitable
for implementing the several embodiments of the disclosure.

DETAILED DESCRIPTION
[0020] i should be understood at the outset that although illustrative
implementations of one or more embodiments are illustrated below, the disclosed
systems and methods may be implemented using any number of techniques, whether
currently known or in existence. The disclosure should in no way be limited to the
llustrative implementations, drawings, and techniques illustrated below, but may be
modified within the scope of the appended claims along with their full scope of
equivalents.
[0021] An oilfield area network is disclosed herein which promotes reliable,
broadband wireless communications in the oilfield, within an extended well site and
among a plurality of well sites within a field or region. In an embodiment, the oilfield
area network bridges remote well site communications to a common carrier
communications network, for example a public switched telecommunications network,
thereby linking the remote well site communications into the world wide
communications network. This oilfield area network is projected to promote modern
well bore servicing operations which can increase recovery of hydrocarbons from
reservolrs.
[0022] Natural resources such as gas, oil, and water residing in a subterranean
formation or zone are usually recovered by drilling a wellbore down to the

subterranean formation while circulating a drilling fluid in the wellbore. After
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terminatiﬁg the circuiation of the drilling fluid, a string of pipe, e.g., casing, is run in the
wellbore. The drilling fluid is then usually circulated downward through the interior of
the pipe and upward through the annulus, which is located between the exterior of the
pipe and the walls of the wellbore. Next, primary cementing is typically performed
whereby a cement slurry is placed in the annulus and permitted to set into a hard
mass (i.e., sheath) 1o thereby attach the string of pipe to the walls of the wellbore and
seal the annulus. Subsequent secondary cementing operations may also be
performed.

[0023] Wellbore servicing as used herein commonly employs a variety of
compositions generally termed wellbore “servicing fluids.” As used herein, a “servicing
fluid” refers 1o a fluid used to drill, complete, work over, fracture, repair, or in any way
prepare a wellbore for the recovery of materials residing in a subterranean formation
penetrated by the wellbore. Examples of servicing fluids include, but are not limited to
cement slurries, drilling fluids or muds, spacer fluids, fracturing fluids or completion
fluids, all of which are well known in the art. The servicing fluid is for use in a welibore
that penetrates a subterranean formation. It is to be understood that “subterranean
formation” encompasses both areas below exposed earth and areas below earth
covered by water such as ocean or fresh water.

[0024] Wellbore servicing may be conducted to achieve a variety of user-desired
results. For example, wellbore servicing may be carried out to prevent the loss of
agueous or non-aqueous drilling fluids into lost circulation zones such as voids,
vugular zones, and natural or induced fractures while drilling. In an embodiment, a
servicing fluid is placed into a wellbore as a single stream and activated by downhole

conditions to form a barrier that substantially seals lost circulation zones. In such an
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embodiment, the servicing fluid may be placed downhole through the drill bit forming a

non-flowing, intact mass inside the lost circulation zone which plugs the zone and

inhibits loss of subsequenily pumped drilling fluid, allowing for further drilling. For
example, the servicing fluid may form a mass that plugs the zone at elevated

temperatures, such as those found at higher depths within a wellbore. Methods for
introducing compositions into a welibore 1o seal subterranean zones are described in
U.S. Patent Nos. 5,913.364; 6,167,967; and 6,258,757, each of which is incorporated
by reference herein in its entirety.

[0025] In an embodiment, wellbore servicing may comprise well completion
operations such as cementing operations. In such embodiments, a servicing fluid may
be placed into an annulus of the wellbore ana allowed to set such that it isolates the
subterranean formation from a different portion of the welibore. The set servicing fluid
thus forms a barrier that prevents fluids in that subterranean formation from migrating
into other subterranean formations.  In an embodiment, the wellbore in which the
servicing fluid is positioned belongs o a multilateral wetibore configuration. It is to be
understood that a multilateral wellbore configuration includes at least one principal
wellbore that has one or more ancillary wellbores radiating from the principle wellbore.

[0026] In an embodiment, wellbore servicing may comprise secondary cementing,
often referred to as squeeze cementing. In such an embodiment, a servicing fluid may
be strategically positioned in the wellbore to plug a void or crack in & conduit, to plug a
void or crack in a hardened sealant (e.g., cement sheath) residing in the annulus, 1o
nlug a relatively small opening known as a microannuius between the hardened

sealant and the conduit, and so forth. Various welibore servicing procedures are
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described in U.S. Patent Nos. 5,346,012 and 5,588,488, which are incorporated by
reference herein in their entirety.

[0027] Turning now to FIG. 1, an oilfield area network 100 for wireless
communication is discussed. The network 100 comprises a first mobile terminal 102,
a second mobile terminal 104, a third mobile terminal 106, a fourth mobile terminal
108, a fifth mobile terminal 110, a sixth mobile terminal 112, a seventh mobile terminal
114, an eighth mobile terminal 116, and a ninth mobile terminal 118. The mobile
terminals 102, 104, and 106 are generally located within a first area 101. The mobile
terminals 108, 110, and 112 are generally located within a second area 107. The
mobile terminals 114, 116, and 118 are generally located within a third area 113. In
an embodiment, the network 100 comprises an optional analysis station 120. In some
contexts the analysis station 120 may also be referred to as a technical command
center (TCC). In an embodiment, the network 100 may comprise multiple analysis
stations 120, for example an analysis station 120 in each of the areas 101, 107, 113.
The network 100 also comprises a first mobile base transceiver station (BTS) 130. In
an embodiment, the network 100 also comprises a second mobile BTS 132, and a
third mobile BTS 134. The second mobile BTS 132 and the third mobile BTS 134 may
provide wireless coverage to additional mobiie terminals (not shown). In an
embodiment, the network 100 also comprises a wireless common carrier BTS 136. In
an embodiment, the network 100 also comprises a public network 140, for example a
public switched telecommunications network.

[0028] In an embodiment, the network 100 also comprises a field office 144 and/or
a real-time operations center 142. While the field office 144 is depicted in FIG. 1 as

communicating with the network 100 via a wireless link, in another embodiment the
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field office 144 may communicate via a wired connection to the network 140 and
thence to the wireless common carrier BTS 136 and thence to the first mobile BTS
130. While the real-time operations center 142 is depicted in FIG. 1 as communicating
with the network 100 via a wired connection, in another embodiment the real-time
operations center 142 may communicate with the network 100 via a wireless
connection or via both a wired and a wireless connection.

[0029] In an embodiment, the numbers of the mobile terminals 102 — 118 and of
the mobile BTSs 130 — 134 may be either greater or smalier in number. Likewise, the
number of areas 101, 107, and 113, as well as the number of mobile terminals and/or
BTSs therein, may be either greater or smaller in number. While it is contemplated
that mobile BTSs may be useful in remote oil field operations, promoting rapid setting
up and taking down of wireless infrastructure, in some embodiments fixed BTSs may
be used in the place of mobile BTSs. For example, it may be considered to be more
cost effective 1o deploy fixed BTSs in an oil field that is highly likely to remain in
production and be worked and reworked over a period of several years. -
[0030] The mobile terminals 102 — 118 and the analysis station 120 communicate
with each other through wireless links provided by the first mobile BTS 130. For
example, to transmit to the second mobile terminal 104, the first mobile terminal 102
transmits a first symbol on a wireless up link (also referred to as a reverse iink) to the
first mobile BTS 130, and the first mobile BTS 130 transmits the first symbol on a
wireless down link (also referred to as a forward link) to the second mobile terminal
104. To reply to the first symbol, the second mobile terminal 104 transmits a second
symbol on a wireless up link to the first mobile BTS 130, and the first mobile BTS 130

fransmits the second symbol on a wireless down link to the first mobile terminal 102.
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The mobile terminals 102 — 118 and the anélys‘is station 120 do not communicate
directly with each other in a peer-to-peer arrangement

10031} In an embodiment, the first mobile BTS 130 may provide coverage to mobile
terminals, for example the first mobile terminal 102, up to distances of about 16,000
meters from the first mobile BTS 130. In other embodiments, however, the first mobile
BTS 130 may provide coverage to mobile terminals at greater distances, for example
by transmitting at higher power levels at both the first mobile BTS 130 and at the first
mobile terminal 102. In other embodiments, different coverage radii may be provided
by the first mobile BTS 130, for example a coverage radius of about 1,600 meters, a
coverage radius of about 8,000 meters, a coverage radius of about 24,000 meters, a
coverage radius of about 32,000 meters, a coverage radius of about 40,000 meters,
and a coverage radius of about 48,000 meters. As will be apparent to one skilled in
the art with the aid of this disclosure, to some extent the coverage radius of a base
transcelver station, for example the first mobile BTS 130, may be influenced by a
variety of interrelated factors including the transmission power levels, topography of
the coverage area, the number of transmitters sharing the coverage area (for example,
the number of concurrently communicating mobile terminals 102 — 118), the state of
foliage within the coverage area, the height above ground of the base transceiver
station antenna, the antenna tilt, the frequency band of the wireless communication,
the data transmission rate, communication modulation methods, and other factors. In
an embodiment, the system 100 may provide wireless communication links supporting
data rates of at least 1 mbps over distances of at least 48,000 meters.

[0032] The mobile terminals 102 — 118 may be coupled with a variety of devices

employed in completing oilfield operations and services including sensors, electro-
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mechanical devices, controllers, and data processing devices. The wireless
communications may be used to transmit data from a sensor to a controller and/or a
data processing device, for example from a microseismic sensor to a computer
executing a visualization application to depict the progress of an on-going fracture
service job. The wireless communications may be used to transmit control signals
from a controller to an electro-mechanical device, for example from a controller io a
cement slurry mixing and/or pumping machine. The wireless communications may be
used to link an electro-mechanical device on a truck or other vehicle with other mobile
terminals 102 — 118 and/or the analysis station 120, for example 10 monitor and/or
control the health or operational parameters of vehicle mounted equipment. The
wireless communications may be used to transmit voice communications. It will
readily be appreciated that the wireless communications among the mobile terminals
102 — 118 and the analysis station 120 may promote many other useful functions
involved in completing oilfield operations and services.

[0033] it is intended that the network 100 will provide a wide variety of
communication services including voice communication service, data communication
service, video communication service, and multi-media communication service. From
the point of view of the wireless infrastructure, the traffic carried from the first mobile
terminal 102 to the ninth mobile terminal 118 may be any manner of content, voice,

data, video, or multi-media. In the case where a voice communication service is used,

a relatively low bandwidth subchannel, for example 6 subcarriers, may be sufficient to
support high quality voice communications. In the case where a video communication
service is used, a relatively high bandwidth subchannel, for example 60 subcarriers,

may be sufficient to support modest quality video communications. Allocation of
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subcarriers based on communication service type may be managed by the BTS 130
and may be considered as an upper layer communication operation. As is well known
to those skilled in the radio communication art, a subcarrier may be defined as a signal
carried on a radio transmission that carries information, for example voice, data, video,
and/or multimedia information. The subcarrier may be viewed as an already
modulated signal which is then modulated onto another signal of higher frequency.
The concept of subcarriers as used in orthogonal frequency division muitiple access
(OFDMA) based communication is very well known and understood to those skilled in
the arf, and the above definition is not intended to deviate from this widespread
understanding of subcarrier that is current in the art.

[0034] In some contexts, providing the complete suite of communication services
to the remote oil and gas production region — voice, data, video, and multi-media —
may be referred to as “lighting the field.” The interconnected communication among
remote locations {0 achieve a unified and interrelated understanding or image of the
production region reservoir, for exampie by sharing real-time data among a plurality of
well sites, may also be referred to as “lighting the field,” emphasizing the metaphor of
casting light on what was previously dark and/or obscured.

J0035) The analysis station 120 is also a mobile terminal or is coupled to a mobile
terminal. In an embodiment, the analysis station 120 is a general purpose computer,
for example a laptop computer, a personal computer, a ruggedized computer,
Including a wireless interface for communicating with the first mobile BTS 130 and the
mobile terminals 102 — 118. The analysis station 120 may be a central controller of
the oilfield service operation. The analysis station 120 may be a central collection and

analysis point for sensor data transmitted to the analysis station 120 by one or more of
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the mobile terminals 102 — 118. The analysis station 120 may be located in one of the
areas 101, 107, or 113 or may be roving around the extended well site. An analysis
station 120 may be located in more than one of the areas 101, 107, and 113 in the
coverage area of the first mobile BTS 130. In an embodiment, the analysis station 120
is located close to the well bore where personnel may monitor and analyze the data
received from sensors and able to operate the several equipments and machines
used to conduct the well servicing operation.

[0036] The mobile terminals 102 — 118 may be distributed about the well site. For
example, the mobile terminals 102, 104, and 106 in the first area 101 may be located
relatively close to the well bore, for example within about 200 meters of the well bore.
The mobile terminals 108, 110, and 112 in the second area 107 may be located
relatively far from the well bore, for example about 2000 meters from the well bore.
The mobile terminals in the second area may be associated with a one or more
additional well bores. The mobile terminals 114, 116, and 118 in the third area 113
may be located relatively far from the weli bore, fér example about 2000 meters from
the well bore, and opposite from the second area 107, for example about 4000 meters
from the second area 107. The mobile terminals in the third area may be associated
with a one or more additional well bores. Some of the mobile terminals may be
located more distantly than 2,000 meters from the first mobiie BTS 130.

[0037] Some of the mobile terminals 102 — 118 may be mobile phones, personal
digital assistants (PDAs), laptop computers, personal computers, and tablet
computers. An exemplary handset, which is suitable for some embodiments of the
mobile terminals 102 — 118, is discussed in greater detail hereinafter. An exemplary

general purpose computer, which is suitable for the analysis station 120 and other
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embodiments of the mobile terminals 102 — 118, is discussed in greater detail
hereinatfter.

[0038] The mobile BTSs 130, 132, and 134 may vary in number and may take
several forms. Some oilfield services may be performed while a drilling rig derrick is in
position over the well bore. In this case, the drilling rig derrick may be employed
advantageously io position an antenna or an antenna array from about 30 meters fo
50 meters above ground level. As is well known in the wireless communication art,
increased elevation of antennas above ground level is associated with an increased
wireless coverage area. Therefore, in some embodiments, one or more of the mobile
BTSs 130, 132, and 134 may take the form of an antenna or antenna array mounted
on a drilling rig derrick and coupled to an electronics cabinet housing standard BTS
electronics including radio frequency ampilifiers, up converters, down converiers,
digital communications processing equipment, and other BTS communications
equipment well known to those skilled in the art. Electrical power may be supplied by
an autonomous source of electrical power associated with the drilling rig.

[0039] In another embodiment, one or more of the mobile BTSs 130, 132, and 134
may take the form of a deployable antenna mast, a ruggedized electronic equipment
cabinet housing typical BTS electronics equipment, and an autonomous electrical
nower source carried on an off-road truck or trailer. The truck mounted mobile BTSs
130, 132, and 134 may be driven from the regional or district yard to an appropriate
point in the oilfield, for example on a rise of ground and brought into service. The mast
may be composed of component parts which may be assembled at a remote site and
elevated into position. The mast may be a telescoping construction which can be

controllably raised to an upright position and extended to achieve an effective wireless
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coverage area. The truck mounted mobile BTSs 130, 132, and 134 may be positioned
to form a relay of wireless links from an edge of a radio access network of a wireless
common carrier, for example bridging from the common carrier BTS 136, to the first
mobile BTS 130 located at or near the well bore. This bridging may be accomplished,
for example, by a wireless link from the wireless common carrier BTS 136 to the third
mobile BTS 134, a wireless link from the third mobile BTS 134 to the second mobile
BTS 132, and a wireless link from the second mobile BTS 132 to the first mobile BTS
130. These intermediate mobile BTSs, for example the second mobile BTS 132 and
the third mobile BTS 134, may be positioned at an about maximum separation
distance from one another to maintain reliable wireless communications.

[0040] In an embodiment, the BTSs may be deployed in a broad area to provide
wireless coverage throughout a field, for example over a radius of about 160
kilometers or over a radius of about 320 kilometers. In this embodiment links may be
established between mobile terminals by relaying frames from one BTS to another
BTS to another BTS until the serving BTSs associated with the two mobile terminals
are linked. This provides the ability to “light the field” and provide convenient, robust,
cost effective communications services in remote oll field areas. The BTSs may
reserve a portion of available subcarriers for traffic relay, for example one quarter of
subcarriers or one half of subcarriers. Alternatively, the BTSs may use a different
frequency specirum for BTS-to-BTS wireless links, for example a portion of an 11 GHz
to 60 GHz radio spectrum.

[0041] The common carrier BTS 136 is coupled to the public network 140 by a
wired connection. Through the chain of mobile BTSs, for example the second mobile

BTS 132 and the third mobile BTS 134, the remote well site may be brought into
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communications and connected with the public network 140 for example the public
data network (PDN) and/or the public swiiched telephone network (PSTN). In an
embodiment, the field office 144 may communicate with the remote well site via the
public network 140, the common carrier BTS 136, and the mobile BTSs 130, 132, and
134. In another embodiment, one of the mobile BTSs 132, 134 are coupled into the
public network 140, for example in a region lacking a pubilic wireless network. The
field office 144 may communicate with the first BTS 130 and the mobile terminais 102,
104, 106, 108, 110, 112, 114, 116, and 118 and with the analysis station 120 via the
second BTS 132 or through a series of linked BTSs.

10042] Oilfield tools, for example imaging tools and well logging tools, may provide
vast amounts of data in real-time which may overwhelm the earlier generation of
oiffield communications systems. Oilfield fechnology going forwards will demand
highly reliable, higher bandwidth, dynamically adjustable wireless communigations.
Higher volumes of data from sensors will be flowed in real-time to data processing
applications to help adjust and control a wide variety of oilfield operations, particularly
with reference t0 enhanced recovery and production stimulation operations. Higher
volumes of data will be flowed in real-time between separate well sites, for example
sharing microseismic data from a well site undergoing a fracturing serving job to a well
site being drilled. Furthermore, a forward looking vision for the future management of
oil and gas exiraction proposes seeing a production district or region as an interrelated
whole rather than a number of independent production wells. When viewed in this
way, supported by advanced technology including the present disclosure, the
concurrent and sequential stimulation of the aggregate of well bores in the region may

be coordinated to achieve greater aggregate production than when oil and gas
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extraction is managed well-by-well in isolation. The network 100 described above
provides an infrastructure to promote these aggressive communications objectives.
But In addition tfo the hardware infrastructure, appropriate wireless link control
methods, modulation techniques, and coding algorithms provide valuable direct
support for these communications objectives.

[0043] The first mobile BTS 130 schedules both the up link and down link
communications with the mobile terminals 102 — 118 and the analysis station 120.
This promotes greater reliability as well as scalability. As is known in the art, a
collision sense access mechanism becomes unstable when about 30% of the channel
bandwidth is consumed by fraffic. Collisions and retransmissions begin to flood and
paralyze the channel above this level of resource allocation. On the other hand,
scheduled channel allocation scales well and generally exhibits no unstable collapse
of channel effectiveness. In an embodiment, the first mobile BTS 130 schedules the
communication of the mobile terminals 102 — 118 and the analysis station 120 based
on priorities that are associated with the identities of the mobile terminals 102 — 118
and the analysis station 120. Unlike mobile phones, which may be deemed equals in
competition for access 10 a common carrier network, some of the mobile terminals 102
~ 118 and/or the analysis station 120 may be deemed of higher importance than
others, for example the control signals to a cement slurry blender may be accorded
higher priority than a voice call from a mobile phone and/or sensor data. The first
mobile BTS 130 may allocate greater channel bandwidth to higher priority mobile
terminals 102 — 118 or to the analysis station 120.

[0044] The first mobile BTS 130 may schedule each communication frame

independently. Each communication frame may comprise a plurality of symbol times,
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for example eight symbol times. At the beginning of a frame, the first mobile BTS 130
may transmit a variety of scheduling information and control information. Additionally,
mobile terminals 102 — 118 and the analysis station 120 may send requests for
bandwidth or subcarrier allocations at the beginning of the frame. The frame may be
comprised of an up link portion during which mobile terminals 102 — 118 and the
analysis station 120 transmit symbols to the first mobile BTS 130 and a down link
portion during which the first mobile BTS 130 transmits symbols to the mobile
terminals 102 — 118 and the analysis station 120.

10045] The network 100 provides a wireless physical interface that employs
orthogonai frequency division multiple access (OFDMA), which portions a frequency
spectrum, for example an OFDMA channel, into a relatively large number of adjacent
subcarriers. An OFDMA channel may be a 10 MHz frequency spectrum or some
other frequency spectrum. It is contemplated that the network 100 will operate In
licensed radio spectrum. In the context of the present disciosure, the term licensed
radio spectrum means that local regulatory authorities have designated the subject
portion of radio spectrum for a controlled and regulated communications purpose and
have promulgated siandards constraining the terms of radio transmission in the
subject portion of radio spectrum. 1t is expected that the mobile terminals 102 - 118,
the analysis station 120, and the first mobile BTS 130 will experience less radio
interference as a result of communicating in licensed spectrum.

[0046] The specific frequency range allocated for OFDMA broadband wireless
operation may vary from one country to another. Because the mobile terminals 102 —
118, the analysis station 120, and the mobile BTSs 130, 132, and 134 may operate in

different oilfields in different countries, it is contemplated that at least some of the
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mobile terminals 102 — 118, the analysis station 120, and at least some of the mobile
BTSs 130, 132, and 134 may be designed to comply with several different local radio
fransmission regulations, as for example by configuration. Alternatively, the mobile
terminals 102 — 118, the analysis station 120, and the mobile BTSs 130, 132, and 134
may determine what regulatory region they are operating in, for example by using
global positioning system (GPS) analysis or other self-location algorithms. In an
embodiment, the OFDMA channel may be portioned into a number of adjacent
subcarriers, for example into 128 adjacent subcarriers, 256 adjacent subcarriers, 512
adjacent subcarriers, 1024 adjacent subcarriers, or 2048 adjacent subcarriers. In
other embodiments, other portioning of the frequency spectrum may be employed.

100471 The first mobile BTS 130 allocates or schedules a subset of the subcarriers
for use during a frame time by one or more of the mobile terminals 102 - 118 and the
analysis station 120. The subcarriers allocated to one of the mobile terminals 102 —
118 or the analysis station 120 may be either contiguous or separated by other
subcarriers. Transmitting over separated subcarriers may promote robust
communications through frequency diversity. On the other hand, transmitting over
contiguous subcarriers may provide other advantages, for example more accurate
astimation of channel conditions. The OFDMA physical interface supports avoidance
of interferers within the frequency spectrum. For example, if a known interferer
effectively jams a portion of the frequency spectrum containing several adjacent
subcarriers — for example subcarrier number 37, subcarrier number 38, and subcarrier
number 39 — the first mobile BTS 130 may delete these subcarriers from the allocation
of subcarriers during scheduling. Additionaily, the OFDMA physical interface supports

transmitting at higher modulation rates on high quality (i.e., free from radio
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interference) subcarriers and transmitting at lower modulation rates on low quality
subcarriers. This capability promotes both increased reliability and efficient utilization
of spectrum.

[0048] Several of the subcarriers may be allocated as pilot subcarriers. The pilot
subcarriers may be distributed about periodically among the subcarriers, for example
about every tenth subcarrier, every fifteenth subcarrier, or every twentieth subcarrier
may be allocated for use as a pilot subcarrier. In another embodiment, however, a
different pilot channel allocation may be employed. One skilied in the art will be able
to determine an effective pilot subcarrier allocation to achieve a balance between low
overhead (associated with fewer pilot subcarriers) and improved channel quality
feedback (associated with more pilot subcarriers). The first mobile BTS 130 may
transmit a known signal on each of the pilot subcarriers, whereby the mobile terminals
102 - 118 and the analysis station 120 may calculate figures of merit of the guality of
the radio channel at or about the frequency of the pilot subcarriers. The mobile
terminals 102 ~ 118 and the analysis station 120 may transmit the figures of merit of
the quality of the radio channel back to the first mobile BTS 130, and the first mobile
BTS 130 may employ the several figures of merit to schedule allocation of the
subcatriers to the mobile terminals 102 — 118 and the analysis station 120.

[0049] It Is understood that each of the mobile terminais 102 — 118 and the
analysis station 120 may experience channel conditions which are independent of the
other mobile terminals 102 —~ 118 and the analysis station 120 and which vary
considerably across the frequency spectrum. A plurality of subcarriers at the lower
and higher extremes of the channel frequency spectrum may be allocated as guard

subcarriers, on which transceivers do not send data or pilot signals, in order to reduce
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out-of-band transmissions, for example out-of-band emissions associated with minor
non-linearities of radio frequency (RF) amplifiers and other radio equipment. In an
embodiment, however, guard subcarriers may not be allocated for use by the mobiie
terminals 102 — 118, the analysis station 120, and for the first mobile BTS 130
because at a remote oilfield location there may be little risk that out-of-band
transmissions would interfere with neighboring, unrelated RF receivers.

[0050] The radio channel may be represented or analyzed as an impulse response
of a specified portion of the frequency spectrum, for example the frequency spectrum
associated with a single subcarrier and/or the frequency spectrum of the entire series
of subcarriers. The estimated or projected impuise response may be used to adopt
and/or equalize reception of radio transmissions. In an embodiment, radio receivers in
the network 100, for example radio receivers and/or radio transceivers in the mobile
terminals 102 — 118, the analysis station 120, and the mobile BTSs 130, 132, and 134
may perform equalization functions based on their receiving a periodic training signal.
The periodic training signal may be a known radio signal.

[0051] Before modulation, digital data may be encoded to introduce redundancy to

increase reliability of communication. Turbo coding and block coding may be used to

introduce this redundancy. In an embodiment, higher amounts of redundancy may be
employed for either subcarriers experiencing poor channel conditions and/or for
subcarriers carrying higher priority traffic. After coding, the digital data may be
interleaved to further increase the reliability of communication. After coding and
optional interleaving the digital data associated with each subcarrier is modulated
using a modulation technique selected to provide the desired reliability based on the

current channel conditions. 1t is contemplated that a variety of modulation techniques
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will be applied including, but not limited to, quadrature phase shift keying (QPSK),
quadrature amplitude modulation (QAM), 16-QAM, 64-QAM, and 256-QAM. These
different modulation techniques permit more or fewer bits to be encoded for each
symbol time on a subcarrier. As is understood by those skilled in the art, a greater
number of bits encoded would typically be used when channel conditions were good,
and a fewer number of bits encoded would typically be used when channel condifions
were poor. This flexibility promotes both efficiency and achievement of more reliable
communications. In an embodiment, hybrid automatic repeat request (H-ARQ) is
employed to correct errors in received data. H-ARQ involves storing errored received
data, requesting a transmitter to resend the errored data, and reading the data by a
process of combining the multiply transmitted data.

[0052] in an embodiment, the network 100 may implement several of the wireless
physical interface provisions of the Institute of Electrical and Electronics Engineers
(IEEE) 802.16 standard for broadband wireless communications. Some of the
wireless techniques contemplated may also be referred to in some contexis as the
worldwide interoperability for microwave access (WIMAX) technology. In other
embodiments, however, portions of the network 100 may implement severai of the
wireless physical interface provisions of 3.5 generation (G) wireless communication
systems or of 4 G wireless communication systems.

[0053] Turning now to FIG. 2, another view of the oilfield area network 100 for
wireless communication is discussed. Each of the circles represent coverage areas
150 - a first coverage area 150-a, a second coverage area 150-b, a third coverage
area 150-c, a fourth coverage area 150-d, a fifth coverage area 150-e, a sixth

coverage area 150-f, and a seventh coverage area 150-g. Each of the coverage
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areas 150 receives wireless communication services from a BTS, for example the first
BTS 130. A well site may be co-located with the BTS at the center of some of the
coverage areas 150, but some coverage areas 150 may include either zero well sites
or a plurality of well sites. The size of the coverage areas 150, for examplie the radius
of wireless service, may vary substantially from one coverage area 150 to another
coverage area 150. Communication between coverage areas 150 is provided by links
from BTS-10-BTS, for example from the first BTS 130 to the second BTS 132 to the
third BTS 134 and so on. The network 100 may be coupled to the public network 140
by the common carrier BTS 136 or alternatively by the third BTS interworking with the
public network 140 in the absence of a public radio access network. In another
embodiment, however, a different coupling to the public network 140 may be provided.
In yet another embodiment, the network 100 is isolated from the public network 140.
[0054] The network 100 provides communication services substantially over the
whole of a production region 152. The term “production region 152" is intended herein
to mean a substantially contiguous area or geo-market of oil and gas exploration,
drilling, and production, which may be further defined as sharing common geological
features such as production from a common formation or hydrocarbon source or
reservoir. The production region 152 may include two or more contiguous or non-
contiguous sub-areas. While represented in FIG. 2 as having regular shape, the
production region 152 may fake a variety of other irregular and asymmetrical shapes.
[0055] The field office 144 may comprise one or more field office mobile terminals
(not shown) that may communicate with any mobile terminals 102-118 or analysis
station 120 within the network 100. The field office 144 may be located proximate the

edge of the production region, for example to have ready access to vendor services
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and transportation services. Alternatively, the field office 144 may be located deep
within the production region. The field office 144 may provide a command center of
management and business personnel, for example an operations base for a “company
man” who represents a iease owner. The field office 144 may provide technology with
which the “company man” may manage and direct operations at multiple locations
without having to drive in a vehicle to each separate location. The field office 144 may
also support well bore service company personnel monitoring the health and
operational parameters of well bore service equipment in use concurrently at multiple
locations. The field office 144 promotes monitoring and exercise of oversight by the
coupling of computers and other tools to the field office mobile terminal. For example,
a powerful laptop computer or ruggedized personal computer may include an interface
card that comprises a first field office mobile terminal and the laptop computer may
communicate thereby with the mobile terminais 102-118 and the analysis station 120.
Alternatively, a mobile terminal in the field office 144 may act as a gateway for a
plurality of computers within the field office to bridge communication from these
computers info the network 100.

[0056] The realtime operations center 142 may be located remote from the
production region 152, for example in an urban area or in a different production region
that may be hundreds or thousands of kilometers away from the production region
152. The real-time operations center 142 may be located in a different country from
the country containing the production region 152. The real-time operations center may
also be located anywhere in the production region 152 or may be about centrally
located within the production region. The reai-time operations center 142 provides a

technical control center from which engineers and other highly skilled personnel may
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monitor and manage on-going production operations, for example concurrent
stimulation operations at well sites located throughout the production region. For
example, engineers may determine whether a formation fracturing effect is growing
symmetrically or asymmetrically and use their experience to make decisions to
increase or decrease pumping rates and whether to continue stimulation of a well.
The real-time operations center 142 may communicate with the network 100 via
connectivity to the public network 140. The network 100 enables leveraging the value
of the engineers and highly skilled personnel by aliowing them to consult and advise
on multiple concurrent well bore service operations. The network 100 provides real-
time data from multiple well sites and promotes a holistic understanding and
production management approach to extracting oil and gas from the production region
152 as a whole. For example, it may be possible to progressively and over time cause
hydrocarbons o flow from a first edge of the production region 152, by means of
cooperative stimulation service jobs at multiple well sites supported by the holistic
imaging of the production region 152, to another portion of the production region 152
which is more advantageously disposed for extraction of the hydrocarbons.

[0057)  The network 100 may be said to “light the field” in the sense of providing
insight and visibility into the entire interrelated production region by real-time data
propagation among the multiple independent well sites. Additionally, the network 100
may provide communications links from mobile terminals associated with trucks and/or
service vehicles traveling within the production region 152 to the real-time operations
center 142, to the field office 144, to the mobile terminals 102-118 and/or the analysis
station 120. The network 100 may provide communication links o0 mobile terminals

coupled to electro-mechanical devices mounted on trucks and/or vehicles while
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fraveling within the production region 152 and promote monitoring health of the
equipment, monitoring data associated with the state or condition of materials stored
on the vehicles, and promoting software upgrade operations. The network 100 may
also provide communications links from mobiie terminals associated with trucks and/or
service vehicles located district yards or service compan<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>