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(57) Abstract: 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.
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Qilfield Area Network Communication System and Method

BACKGROUND
[0001] Oilfield service operations may be performed at or in proximity fo 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 substantially 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 enough 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 to a
communications network, such as twisted pair subscriber lines and/or cable lines, may
not be provided at these remote locations. Similarly, mobile or fixed cellular wireless
access may nhot 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 oiliield and provide advantages associated
with avoiding the burden and hazards of wiring equipment together.

[0003] Satellite enabled communications can link remote locations to offices that
are connected to 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 to excessive latency or propagation delay associated with the distance a
fransmission travels across the several satellite links from transmitter to receiver. For
example, 1o propagate real-sime 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 to the
satellite, traversing a first down link from the satellite o an oilfield service company
corporate office or regional office, traversing a second up link from the office to 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 weli 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 multiple 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 coupied 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 weli bore.
The well freatment 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 monitored 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
mobile 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 fransceiver stations are
not coupled to the public network using satellite communications. The base
transceiver 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 fiuid, 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 torque value. 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 mabile 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 oiffield area network may
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further comprise a second BTS configured to communicate through a wired link with a
public switched telecommunications network 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
oiffield 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 plurality
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 first 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 mabile BTS is promoted. The method may further comprise analyzing a
sensor input received by the first mobile terminal; and adjusting controf 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 Woridwide
Interoperability for Microwave Access (WIMAX) communication protocol. At least
some of the mobile terminals may communicate wireless with the first mobile BTS
according to 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 piurality of mobile terminals
configured to wirelessly communicate with each other via the base transceiver stations
using orthogonal frequency division muitiple 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 multi-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 transceiver station to 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 fransceiver 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 fransceiver 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 values 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 o 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 to 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.

[0009] 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 oilfield area network communication system

according to one or more embodiments of the disclosure.

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

system according to one or more embodiments of the disclosure.

[0013] 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] FIG. 3B is a flow chart of a method of conducting a fracturing job based on

monitoring fracturing parameters and/or equipment health data according to 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.

[0017] FIG. 6 is a block diagram of a handset suitable for implementing some

aspects of an embodiment of the disclosure.
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[0018] 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] It 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
illustrative 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 nefwork 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
reservoirs.
[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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terminatihg the circulation 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) to 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 to 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 fiuids, fracturing fiuids or completion
fluids, all of which are well known in the art. The servicing fluid is for use in a wellbore
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 fiuid 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 subsequently 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 wellbore to 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} fn an embodiment, welibore 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 and 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 to a multilateral wellbore 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 a conduit, to plug a
void or crack in a hardened sealant (e.g., cement sheath) residing in the annulus, to
plug a relatively small opening known as a microannulus 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 mobile terminals (not shown). In an
embodiment, the network 100 also comprises a wireless common cartier 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 smaller 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 to deploy fixed BTSs in an oil field that is highly likely fo 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 link) 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

transmits 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 analysis station 120 do not communicate
directly with each other in a peer-to-peer arrangement

[0031] 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
transceiver 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 maobile 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 fransmit control signals
from a controller to an electro-mechanical device, for example from a controller to 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 to 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 Jow bandwidth subchanne), 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
fo 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 weli known and understood to those skilled in
the art, and the above definition is not intended to deviate from this widespread
understanding of subcarrier that is current in the art.

[0034] In some contexis, 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 to achieve a unified and interrelaied understanding or image of the
production region reservoir, for example 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.

[0035] 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 fo 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 1o 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 well 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 ferminals 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 mobile 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
hereinafter.

[0038] The mobile BTSs 130, 132, and 134 may vary in number and may take
several forms. Some oiifield 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 to position an antenna or an antenna array from about 30 meters to
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 converters,
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
power 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 fo 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 catrrier 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 finked. This provides the ability to “light the field” and provide convenient, robust,
cost effective communications services in remote oil 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 spectrum 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 pubiic switched 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 public wireless network. The
field office 144 may communicate with the first BTS 130 and the mobile terminals 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.

[0042) 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
oilfield communications systems. Oiifield technology 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 to 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 to 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 traffic. 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 to 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.

[0045) The network 100 provides a wireless physical interface that employs
orthogonal 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. 1t is contemplated that the network 100 will operate in
licensed radio spectrum. In the context of the present disclosure, 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 standards constraining the terms of radio transmission in the
subject portion of radio spectrum. It 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
transmission 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.

[0047] 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
estimation 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. Additionally, 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 skilled 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 quality 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
subcarriers to the mobile terminals 102 — 118 and the analysis station 120.

[0049] It is understood that each of the mobile terminals 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 mobile
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
fransmissions 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 impulse 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 technigue selected to provide the desired reliability based on the

current channel conditions. It 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 conditions
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 Elecironics Engineers
(IEEE) 802.16 standard for broadband wireless communications. Some of the
wireless techniques contemplated may also be referred o in some contexts as the
worldwide interoperability for microwave access (WiMAX) technology. In other
embodiments, however, portions of the network 100 may implement several 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+, 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 example 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 inciude two or more contiguous or non-
contiguous sub-areas. While represented in FIG. 2 as having regular shape, the
production region 152 may take 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 technoiogy 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 concurrentiy 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 terminals 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 into the network 100.

[0056] The real-time 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 realtime 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 real-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 realdtime 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
1562 as a whole. For example, it may be possible to progressively and over time cause
hydrocarbons to flow from a first edge of the production region 152, by means of
cooperative stimulation service jobs at multipie 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 to mobile terminals

coupled to electro-mechanical devices mounted on trucks and/or vehicles while
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traveling 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 mobile terminals associated with trucks and/or
service vehicles located district yards or service company yards before leaving to
travel to a well site.

[0058] Turning now to FIG. 3A, a method 200 of conducting a stimulation job with
microseismic fracture monitoring is described. As described above, at the physical
layer (PHY) the wireless traffic is just symbols or data, but at higher layers it is
contemplated that the wireless traffic may comprise voice communication service, data
communication service, video communication service, and/or muiti-media
communication service. At block 202, initial values are determined for a group of
parameter values that can be used to describe or characterize the performance of the
fracturing service job. These parameters may include, but are not limited to, a
fracturing fluid volume per unit of time introduced into the well bore, a pressure at
which the fracturing fiuid is introduced into the well bore, a density of the fracturing
fluid, a mix of proppant material or sand in the fracturing fluid, a fracturing fluid
composition recipe including the viscosity profile of the fracturing fluid, the bottomhole
temperature of the well, and other parameters known fo those skilled in the art of
hydrocarbon reservoir fracturing. These initial values may be determined in advance,
for example at a corporate office or at a regional office, and communicated to the well
site using the oilfield area network 100. Alternatively, these initial values may be

determined at the well site.
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10059} At block 204, fracturing fluid is introduced into the reservoir according to the
group of parameter values. It is understood that a variety of well known fracturing
equipment may be employed to perform the fracturing job, for example pumping units,
fracturing fluid mixing and/or conditioning units, sensors placed in bore holes to
monitor microseisms, and other well known equipment.

[0060] At block 206, microseisms in the reservoir are monitored by sensors in the
treatment well bore and/or in offset well bore(s). For example, sensors installed in
bore hole(s) drilled an effective distance into the ground proximate to the treatment
well bore. One skilled in the art will readily determine an effective distance from the
well bore to locate these microseismic sensors. Microseism data may be collected
from a plurality of microseism sensors located variously proximate to the well bore. In
addition and concurrently to the collection of microseismic data, general stimulation
data such as treating pressure, pumping rate, and proppant concentration are also
collected. The stimulation data may also include downhole temperature data as may
be acquired by distributed temperature sensing (DTS) operations. Equipment health
data, equipment data, and/or equipment diagnostic information may also be collected.
By way of example, it is useful to monitor equipment health parameters and/or
equipment data such as transmission temperature, engine temperature, engine
manifold pressure, fuel reserve quantity, engine speed, equipment torque, equipment
discharge pressures, and sandscrew operations. Some microseismic sensors may be
located relatively close to the well bore, for example about 200 meters or less away
from the well bore. Other microseismic sensors may be located relatively distant from
the well bore, for example about 2000 meters or further from the well bore. The

sensors may be positioned at varying depths in bore holes. The sensors may
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generally be similar to other seismic sensors, for example geophones, but may have
specialized features that promote sensing microseisms. The sensors are coupled to
mobile terminals such as mobile terminals 102 — 118. The sensors may generate a
variety of content inciuding voice, data, video, and multimedia.

[0061) At block 208, microseismic data, treatment data, and/or equipment health
data are wirelessly communicated to the analysis station 120. The analysis station
120 may be located close to the fracturing equipment, near the well bore. The
sensors transmit their data wirelessly to the analysis station 120, via the first mobile
BTS 130, as described above. In an embodiment, the rate of data transmitted from
the first mobile BTS 130 to the analysis station 120 may be in the range of about 1
million bits per second (mbps) to about 12 mbps, preferably about at least 10 mbps.
in an embodiment, the microseismic data, treatment data, and/or equipment health
data may be wirelessly communicated to the real-time ‘operations center 142, for
example from the mobile terminals 102 — 118 to the first mobile BTS 130, from the first
mobile BTS 130 to the pubiic network 140 via the other BTSs 132, 134, and 136, and
from the public network 140 to the real-time operations center 142. In an embodiment,
the microseismic data, treatment data, and/or equipment health data may be
wirelessly communicated to the field office 144, for example from the mobile terminals
102 — 118 to the first mobile BTS 130, and from the first mobile BTS 130 to the field
office 144 via the other BTSs 132, 134.

[0062) At block 210, if the analysis of the sensor data, general stimulation data, or
equipment health data wirelessly transmitted to the analysis station 120 and/or the
real-time operations center 142 and/or the field office 144 indicates that the group of

parameter values should be revised to improve the progress of the fracturing job, the
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method 200 proceeds to block 212. At block 212, updated values for the group of
parameter values are determined and communicated to appropriate mobile terminals.
In an embodiment, the analysis station 120 may automatically calculate the updated
values for the group of parameter values. Alternatively, a skilled fracturing operator
may determine the updated values for the group of parameter values based on their
knowledge and experience. Additionally, equipment health data may indicate or
predict an impending equipment failure or erroneous condition, and an operator may
take steps to correct the equipment problem or halt the microseismic fracturing
operation to repair or replace eqguipment.

[0063] The method 200 then returns to block 204. It is contempiated that the
method 200 will continue to loop between block 204 and blocks 210 and 212 until the
fracturing job has been completed. The wireless transmission of the microseismic
data, general stimulation data, and/or equipment health data promotes making
adjustments to the group of parameter values in real-time or near realtime, thereby
promoting refinements in conducting fracturing jobs. The oilfield area network 100
promotes the real-time, reliable transmission of high volumes of microseismic sensor
data to the analysis station 120 and/or the real-time operations center 142 and/or the
field office 144. The oilfield area network 100 promotes the cooperation and
collaboration of individuals having different skill levels and located either in the field or
at remote locations, for example at the real-time operations center 142 that may be
located in an urban area.

[0064] Turning now to FIG. 3B, a method 220 of conducting a well treatment or
wellbore servicing job based on monitoring treatment parameters and/or equipment

health data is described. At block 222, initial values are determined for a group of
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treatment parameter values that can be used to describe or characterize the
performance of the well treatment service job. These treatment parameters may
include, but are not limited to, a treatment fluid volume per unit of time introduced into
the well bore, a pressure at which the treatment fluid is introduced into the well bore, a
density of the treatment fluid, a PH of the treatment fluid, a mix of proppant material or
sand in the treatment fluid, a treatment fluid composition recipe including the viscosity
profile of the treatment fluid, the bottomhole temperature of the well, and other
parameters known to those skilled in the art of well treatment. These initial values
may be determined in advance, for example at a corporate office or at a regional
office, and communicated to the well site using the oilfield area network 100.
Alternatively, these initial values may be determined at the well site.

[0065] At block 224, treatment fluid is introduced into the well bore according to the
group of parameter values. It is understood that a variety of well known treatment
equipment may be employed to perform the treatment job, for example pumping units,
fluid mixing and/or conditioning units, sensors placed in bore holes to monitor
treatment parameters, sensors associated with treatment equipment, and other well
known equipment.

[0066] At block 226, treatment parameters and/or equipment health parameters
are monitored by sensors. For example, general stimulation and/or treatment data
such as freatment fluid PH value, treatment fluid viscosity, treating pressure, treatment
fluid pumping rate, and proppant concentration are also collected. The treatment data
may also include downhole temperature data as may be acquired by distributed
temperature sensing (DTS) operations. Equipment diagnostic information may also be

collected. By way of example, it is- useful fo monitor equipment health parameters
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and/or equipment data such as transmission temperature, engine temperature, engine
manifold pressure, fuel reserve quantity, engine speed, equipment torque, equipment
discharge pressures, and sandscrew operations. Some sensors may be located
relatively close to the well bore, for example about 200 meters or less away from the
well bore. Other sensors may be located relatively distant from the well bore, for
example about 2000 meters or further from the well bore. The sensors may be
positioned at varying depths in bore holes. The sensors are coupled to mobile
terminals such as mobile terminals 102 — 118. The sensors may generate a variety of
content including voice, data, video, and multimedia.

[0067] At block 228, treatment data and/or equipment health data are wirelessly
communicated to the analysis station 120. The analysis station 120 may be located
close to the fracturing equipment, near the well bore. The sensors transmit their data
wirelessly fo the analysis station 120, via the first mobile BTS 130, as described
above. In an embodiment, the rate of data transmitted from the first mobile BTS 130
to the analysis station 120 may be in the range of about 1 million bits per second
(mbps) to about 12 mbps, preferably about at least 10 mbps. In an embodiment, the
treatment data and/or equipment health data may be wirelessly communicated to the
real-time operations center 142, for example from the mobile terminals 102 — 118 to
the first mobile BTS 130, from the first mobile BTS 130 to the public network 140 via
the other BTSs 132, 134, and 136, and from the public network 140 to the real-time
operations center 142. In an embodiment, the treatment data and/or equipment health
data may be wirelessly communicated to the field office 144, for example from the
mobile terminais 102 — 118 to the first mobile BTS 130, and from the first mobile BTS

130 to the field office 144 via the other BTSs 132, 134.
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[0068) At block 230, if the analysis of the sensor data, general stimulation and/or
treatment data, or equipment health data wirelessly transmitted to the analysis station
120 and/or the real-time operations center 142 indicates that the group of parameter
values should be revised to improve the progress of the treatment job, the method 220
proceeds to block 232. At block 232, updated values for the group of treatment
parameter values are determined and communicated to appropriate mobile terminals.
In an embodiment, the analysis station 120 may automatically calculate the update
values for the group of treatment parameter values. Alternatively, a skilled treatment
operator may determine the updated values for the group of treatment parameter
values based on their knowledge and experience. Additionally, equipment health data
may indicate or predict an impending equipment failure or erroneous condition, and an
operator may take steps to correct the equipment problem or halt the treatment
operation to repair or replace equipment.

[0069] The method 220 then returns to block 224. It is contemplated that the
method 220 will continue to loop between block 224 and biocks 230 and 232 until the
treatment job has been completed. The wireless transmission of the treatment data,
general stimulation data, and/or equipment health data promotes making adjustments
to the group of treatment parameter values in real-time or near real-time, thereby
promoting refinements in conducting treatment jobs. The oilfield area network 100
promotes the real-time, reliable transmission of high volumes of sensor data to the
analysis station 120 and/or the realtime operations center 142 and/or the field office
144. The oilfield area network 100 promotes the cooperation and collaboration of

individuals having different skill levels and located either in the field or at remote



WO 2009/077718 PCT/GB2008/004062

39
locations, for example at the real-time operations center 142 that may be located in an
urban area.
[0070] Turning now to FIG. 4, a method 300 for conducting a well bore service job
is described. At block 302, the first mobile BTS 130 is brought into service. When a
drilling rig is in place over the well bore, an antenna or antenna array may be mounted
to the top of the drilling rig derrick, an electronics cabinet containing BTS electronics
equipment may be set up on the ground, including connecting the electronics cabinet
to an appropriate electrical power source, and a cabling run coupling the antenna or
antenna array fo an electronics cabinet on the ground may be installed. The antenna
or antenna array and the cabling run may be installed while the drilling rig derrick is
first assembled and horizontal proximate the ground, before erection of the derrick
during well site set up before drilling commences. In the circumstance where the
drilling rig has been removed from the well site, bringing the first mobile BTS 130 into
service may involve driving a truck or trailer mounted mobile BTS to the location,
erecting the antenna mast, coupling the electronics equipment cabinet to the antenna
or antenna array, and coupling the electronics equipment cabinet to an appropriate
source of electrical power.
[0071] At block 304, a first well servicing vehicle is brought into position at the well
site. The first well servicing vehicle may be any of a variety of vehicles including a
fluids carrying vehicle, a proppent carrying vehicle, a pumping vehicle, a mixing
vehicle, a control center or analysis station vehicle, and other vehicles. Some or all of
these vehicles may be coupled to mobile terminals 102 — 118.
[0072] At block 306, a plurality of mobile terminals are brought into wireless

communication with each other. For example, the mobile terminals 102 — 118 are
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brought into wireless communication with each other through the mediation of the first
mobile BTS 130. The mobile terminals 102 — 118 are coupled fo various equipment
and data processing equipment, for example, electro-mechanical equipment including,
but not limited to, mixing and biending equipment, pumps, and flow control valves;
sensors such as temperature sensors, pressure sensors, flow rate sensors, density
sensors, valve position sensors, microseism sensors, and other sensors; and data
processing equipment such as controllers and analysis stations.

[0073] At biock 308, a well servicing operation or job is conducted using the varied
equipment coupled to the mobile terminals 102 — 118 and other equipment. The
wireless communication using the mobile terminals 102 — 118 is contemplated to
promote real-time propagation of sensor data to promote adjustment and refinement of
well servicing procedures.

[0074] At block 310, optionally one or more additional mobile BTSs 132, 134 are
brought into service. The additional mobile BTSs 132, 134 may promote
communication with other well sites within the oilfield area or may bridge the oilfield
area network 100 back to a common cartrier network.

[0075) Turning now to FIG. 5, a handset 400 is now described which is operable
for implementing aspects of the present disclosure, but the present disclosure should
not be limited to these implementations. Though illustrated as a mobile phone, the
handset 400 may take various forms including a wireless handset, a pager, a personal
digital assistant (PDA), a portable computer, a tablet computer, or a laptop computer.
Many suitable handsets combine some or all of these functions. One skilled in the art
will appreciate the advantages of applying components developed for the mobile

devices consumer market to implement some of the mobile terminals 102 ~ 118. The
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handset 400 may support Internet protocol (IP) telephony, push-to-talk functionality,
and various wireless communication technologies including WiMAX, GSM, CDMA,
OFDMA, and others.

[0076] The handset 400 includes a display 402 and a touch-sensitive surface or
keys 404 for input by a user. The handset 400 may present options for the user to
select, controls for the user to actuate, and/or cursors or other indicators for the user to
direct. The handset 400 may further accept data entry from the user, including
numbers to dial or various parameter values for configuring the operation of the
handset. The handset 400 may further execute one or more software or firmware
applications in response to user commands. These applications may configure the
handset 400 to perform various customized functions in response to user interaction.
Additionally, the handset 400 may be programmed and/or configured over-the-air, for
example from the first BTS 130.

[0077] The handset 400 may execute a web browser application which enables the
display 402 to show a web page. The web page may be obtained via wireless
communications with the first mobile BTS 130.

[0078] FIG. 6 shows a block diagram of the handset 400. While a variety of known
components of handsets 102 are depicted, in an embodiment a subset of the listed
components and/or additional components not listed may be included in the handset
400. The handset 400 includes a digital signal processor (DSP) 502 and a memory
504. As shown, the handset 400 may further include an antenna and front end unit
506, a radio frequency (RF) transceiver 508, an analog baseband processing unit 510,
a microphone 512, an earpiece speaker 514, a headset port 516, an input/output

interface 518, a removable memory card 520, a universal serial bus (USB) port 522,
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an infrared port 524, a vibrator 526, a keypad 528, a touch screen liquid crystal display
(LCD) with a touch sensitive surface 530, a touch screen/LCD controller 532, a
charge-coupled device (CCD) camera 534, a camera controller 536, and a global
positioning system (GPS) sensor 538. In an embodiment, the handset 400 may
include another kind of display that does not provide a touch sensitive screen. In an
embodiment, the DSP 502 may communicate directly with the memory 504 without
passing through the input/output interface 518. In an embodiment, specialized
interfaces to promote control of electro-mechanical devices or to promote collection of
real-ime or near real-time sensor data may be substituted for some of the peripheral
devices enumerated above.

[0079] The DSP 502 or some other form of controller or central processing unit
operates to control the various components of the handset 400 in accordance with
embedded software or firmware stored in memory 504 or stored in memory contained
within the DSP 502 itself. In addition to the embedded software or firmware, the DSP
502 may execute other applications stored in the memory 504 or made available via
information carrier media such as portable data storage media like the removable
memory card 520 or via wired or wireless network communications. The application
software may comprise a compiled set of machine-readable instructions that configure
the DSP 502 to provide the desired functionality, or the application software may be
high-level software instructions to be processed by an interpreter or compiler to
indirectly configure the DSP 502.

[0080] The antenna and front end unit 506 may be provided to convert between
wireless signals and electrical signals, enabling the handset 400 to send and receive

information from a cellular network or some other available wireless communications
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network or from a peer handset 400. In an embodiment, the antenna and front end
unit 506 may include multiple antennas to support beam forming and/or multiple input
multiple output (MIMO) operations. As is known to those skilled in the art, MIMO
operations may provide spatial diversity which can be used to overcome difficult
channel conditions and/or increase channel throughput. The antenna and front end
unit 506 may include antenna tuning and/or impedance matching components, RF
power amplifiers, and/or low noise amplifiers.

[0081] The RF transceiver 508 provides frequency shifting, converting received RF
signals to baseband and converting baseband transmit signals to RF. In some
descriptions a radio transceiver or RF transceiver may be understood to include other
signal processing functionality such as modulation/demodulation, coding/decoding,
interleaving/deinterieaving, inverse fast fourier transforming (IFFT)/fast fourier
transforming (FFT), cyclic prefix appending/removal, and other signal processing
functions. For the purposes of clarity, the description here separates the description of
this signal processing from the RF and/or radio stage and conceptually allocates that
signal processing to the analog baseband processing unit 510 and/or the DSP 502 or
other central processing unit. In some embodiments, the RF Transceiver 408,
portions of the Antenna and Front End 506, and the analog baseband processing unit
510 may be combined in one or more processing units and/or application specific
integrated circuits (ASICs).

[0082) The analog baseband processing unit 510 may provide various analog
processing of inputs and outputs, for example analog processing of inputs from the
microphone 512 and the headset 516 and outputs to the earpiece 514 and the

headset 516. To that end, the analog baseband processing unit 510 may have ports
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for connecting to the built-in microphone 512 and the earpiece speaker 514 that
enable the handset 400 to be used as a cell phone. The analog baseband processing
unit 510 may further include a port for connecting to a headset or other hands-free
microphone and speaker configuration. The analog baseband processing unit 510
may provide digital-to-analog conversion in one signal direction and analog-to-digital
conversion in the opposing signal direction. In some embodiments, at least some of
the functionality of the analog baseband processing unit 510 may be provided by
digital processing components, for example by the DSP 502 or by other central
processing units.

[0083] The DSP 502 may perform modulation/demodulation, coding/decoding,
interleaving/deinterleaving, inverse fast fourier transforming (IFFT)/fast fourier
transforming (FFT), cyclic prefix appending/removal, and other signal processing
functions associated with wireless communications. In an embodiment, for the
transmitter function the DSP 502 may perform modulation, coding, interleaving,
inverse fast fourier transforming, and cyclic prefix appending, and for a receiver
function the DSP 502 may perform cyclic prefix removal, fast fourier transforming,
deinterleaving, decoding, and demodulation. In other wireless technology
applications, yet other signal processing functions and combinations of signal
processing functions may be performed by the DSP 502.

[0084] The DSP 502 may communicate with a wireless network, different from the
network 100, via the analog baseband processing unit 510. In some embodiments,
the communication may provide Internet connectivity, enabling a user to gain access
to content on the internet and to send and receive e-mail or text messages. The

input/output interface 518 interconnects the DSP 502 and various memories and
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interfaces. The memory 504 and the removable memory card 520 may provide
software and data to configure the operation of the DSP 502, Among the interfaces
may be the USB interface 522 and the infrared port 524. The USB interface 522 may
enable the handset 400 to function as a peripheral device to exchange information
with a personal computer or other computer system. The infrared port 524 may
enable the handset 400 to communicate wirelessly with other nearby handsets and/or
wireless base stations.

[0085] The input/output interface 518 may further connect the DSP 502 to the
vibrator 526 that, when triggered, causes the handset 400 to vibrate. The vibrator 526
may serve as a mechanism for silently alerting the user to any of various events such
as an incoming call, a new text message, and an appointment reminder.

[0086] The keypad 528 couples to the DSP 502 via the interface 518 to provide
one mechanism for the user to make selections, enter information, and otherwise
provide input to the handset 400. Another input mechanism may be the touch screen
LCD 530, which may also display text and/or graphics to the user. The touch screen
LCD controller 532 couples the DSP 502 to the touch screen LCD 530.

[0087] The CCD camera 534 enables the handset 400 to take digital pictures. The
DSP 502 communicates with the CCD camera 534 via the camera controller 536. The
GPS sensor 538 is coupled to the DSP 502 to decode global positioning system
signals, thereby enabling the handset 400 to determine its position. In another
embodiment, a camera operating according to a technology other than Charge
Coupled Device cameras may be employed. Various other peripherals may also be

included to provide additional functions, e.g., radio and television reception.
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[0088] FIG. 7 illustrates a software environment 602 that may be implemented by
the DSP 502. The DSP 502 executes operating system drivers 604 that provide a
platform from which the rest of the software operates. The operating system drivers
604 provide drivers for the handset hardware with standardized interfaces that are
accessible to application software. The operating system drivers 604 include
application management services (“AMS”) 606 that transfer control between
applications running on the handset 400. Also shown in FIG. 7 are a web browser
application 608, a media player application 610, and Java applets 612. The web
browser application 608 configures the handset 400 to operate as a web browser,
allowing a user to enter information into forms and select links to retrieve and view
web pages. The media player application 610 configures the handset 400 to retrieve
and play audio or audiovisual media. The Java applets 612 configure the handset 400
to provide games, utilities, and other functionality.

[0089] Portions of the system described above may be implemenied on any
general-purpose computer with sufficient processing power, memory resources, and
network throughput capability to handie the necessary workload placed upon it. As
with mobile devices developed for the consumer electronics market, one skilled in the
art will readily appreciate the benefits of leveraging readily available general purpose
computer systems by adopting them for use as mobile terminals 102 — 118 or the
analysis station 120. FIG. 8 illustrates a typical, general-purpose computer system
suitable for implementing one or more embodiments disclosed herein. The computer
system 780 includes a processor 782 (which may be referred to as a central processor
unit or CPU) that is in communication with memory devices including secondary

storage 784, read only memory (ROM) 786, random access memory (RAM) 788,
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input/output (1/O) devices 790, and network connectivity devices 792. The processor
may be implemented as one or more CPU chips.

[0090] The secondary storage 784 is typically comprised of one or more disk drives
or tape drives and is used for non-volatile storage of data and as an over-flow data
storage device if RAM 788 is not large enough to hold all working data. Secondary
storage 784 may be used to store programs which are loaded into RAM 788 when
such programs are selected for execution. The ROM 786 is used to store instructions
and perhaps data which are read during program execution. ROM 786 is a non-
volatile memory device which typically has a small memory capacity relative o the
larger memory capacity of secondary storage. The RAM 788 is used to store volatile
data and perhaps to store instructions. Access to both ROM 786 and RAM 788 is
typically faster than to secondary storage 784.

0091} 1/O devices 790 may include printers, video monitors, liquid crystal displays
(LCDs), touch screen displays, keyboards, keypads, switches, dials, mice, track balls,
voice recognizers, card readers, paper tape readers, or other well-known input
devices.

[0092] The network connectivity devices 792 may take the form of modems,
modem banks, ethernet cards, universal serial bus (USB) interface cards, serial
interfaces, token ring cards, fiber distributed data interface (FDDI) cards, wireless local
area network (WLAN) cards, radio transceiver cards such as OFDMA, global system
for mobile communications (GSM), and/or code division multiple access (CDMA) radio
transceiver cards, and other well-known network devices. The network connectivity
devices 792 may provide radio transceiver cards that promote WiMAX, 3.5 G, and/or 4

G wireless communications. These network connectivity devices 792 may enable the
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processor 782 to communicate with an Internet or one or more intranets. With such a
network connection, it is contemplated that the processor 782 might receive
information from the network, or might output information to the network in the course
of performing the above-described method steps. Such information, which is often
represented as a sequence of instructions to be executed using processor 782, may
be received from and outputted to the network, for example, in the form of a computer
data signal embodied in a catrier wave.

[0093] Such information, which may include data or instructions to be executed
using processor 782 for example, may be received from and outputted to the network,
for example, in the form of a computer data baseband signal or signal embodied in a
carrier wave. The baseband signal or signal embodied in the carrier wave generated
by the nefwork connectivity devices 792 may propagate in or on the surface of
electrical conductors, in coaxial cables, in waveguides, in optical media, for example
optical fiber, or in the air or free space. The information contained in the baseband
signal or signal embedded in the carrier wave may be ordered according to different
sequences, as may be desirable for either processing or generating the information or
transmitting or receiving the information. The baseband signal or signal embedded in
the carrier wave, or other types of signals currently used or hereafter developed,
referred to herein as the transmission medium, may be generated according to several
methods well known to one skilled in the art.

[0094] The processor 782 executes instructions, codes, computer programs,
scripts which it accesses from hard disk, floppy disk, optical disk (these various disk
based systems may ali be considered secondary storage 784), ROM 786, RAM 788,

or the network connectivity devices 792.
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[0095] The oilfield area network communication system and method may be
applied to an area or region of hydrocarbon extraction. This area or region generally
may cover a geographical area wherein hydrocarbon bearing formations may exist.
These areas may cover hundreds of square miles. For example, in the United States,
the Sabine Uplift area includes northeast Texas to northern Louisiana and
encompasses the Cotton Valley and Travis Peak formations as well as other
formations.

[0096] Within this area or region, multipie stimulation operations may be underway
on any given day. In order to monitor and evaluate these stimulation operations and
communicate with voice, data, video, and/or multi-media in real time, an oilfield area
network communication system may be utilized. One skilled in the art may thus
monitor and advise on treatments and any needed changes based on data collected
by the oilfield area network communication system. This system will also allow a
variety of communications and response options. There communications and
response options include the following: intra-company communications between field
and technical personnel, intra-company communications between technical personnel,
oilfield service company to customer communications, and customer to customer
communications, and/or any combination thereof. Customer personnel may include
engineers, production foremen, and consultants. For example, a consultant may be in
the field at one stimulation location and, by using this oilfield area network
communication system, may be able to monitor and advise on another stimulation job
within the area or region.

[0097] In one preferred example relating to stimulation operations, this oilfield area

network communication system may be advantageously used for water frac
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operations. Water frac operations generally require longer than average job times or
extended job times and do not normally require intense and continuous input. Thus an
individual skilled in the art may monitor and advise on a plurality of water frac
operations that are being concurrently performed over a large area.

[0098] While several embodiments have been provided in the present disclosure, it
should be understood that the disclosed systems and methods may be embodied in
many other specific forms without departing from the spirit or scope of the present
disclosure. The present examples are to be considered as illustrative and not
restrictive, and the intention is not to be limited to the details given herein. For
example, the various elements or components may be combined or integrated in
another system or certain features may be omitted or not implemented.

[0099] Also, techniques, systems, subsystems, and methods described and
illustrated in the various embodiments as discrete or separate may be combined or
integrated with other systems, modules, techniques, or methods without departing
from the scope of the present disclosure. Other items shown or discussed as directly
coupled or communicating with each other may be indirectly coupled or
communicating through some interface, device, or intermediate component, whether
electrically, mechanically, or otherwise. Other examples of changes, substitutions,
and alterations are ascertainable by one skilled in the art and could be made without

departing from the spirit and scope disclosed herein.
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CLAIMS
What is claimed is:
1. A method of servicing a well bore, 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 service;
performing one or more well service steps;
collecting one or more data parameters associated with the well service; and
communicating the one or more data parameters from at least a first one of the

mobile terminals via the oilfield communication network.

2. The method of claim 1, further comprising adjusting a parameter associated with
performing one of the well service steps based on at least one of the data parameters

communicated via the oilfield communication network.

3. The method of Claim 1, wherein the well service is one of a fracturing a 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.
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4. The method of Claim 1, wherein the well service is hydraulic fracturing, and further
comprising monitoring microseisms, wherein some of the data parameters associated

with the well service include microseism sensor data.

5. The method of Claim 1, wherein the mobile terminals wirelessly communicate with

the base transceiver stations using licensed frequency spectrum.

6. The method of Claim 1, wherein assembling the oilfield communication network
further comprises 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.

7. The method of Claim 6, wherein the base transceiver stations are not coupled to

the public network using satellite communications.

8. The method of Claim 1, wherein the base transceiver stations 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.

9. The method of Claim 1, wherein the data parameters include at least one of a

fracturing fluid volume per unit of time introduced into the well bore of the well, a
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pressure at which a fracturing fluid is introduced into the well bore of the well, a
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 transmission 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 torque vaiue.

10. The method of Claim 1, further comprising wirelessly communicating one of voice,
data, video, and multimedia traffic from at least one of the mobile terminals via the

oiffield communication network.

11. 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 first mobile terminal is associated with the first well bore

servicing vehicle.
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12. The method of claim 11 wherein the first well bore servicing vehicle is 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.

13. The method of claim 11 further comprising:
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 wircless
communication of the remote terminal with the second mobile BTS uses

OFDMA.

14. The method of claim 13 wherein the second mobile BTS is not coupled to the first

mobile BTS using a satellite communication link.

15. The method of claim 13 wherein bringing into service the first mébile BTS includes
adjusting a height of a first antenna associated with the first mobile BTS and bringing
into service the second mobile BTS includes 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.

16. The method of claim 11 further comprising:
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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.

17. The method of claim 16 wherein the sensor input is provided by the second
mobile terminal, wherein the second mobile terminal is associated with a microseismic
sensor, and wherein the second mobile terminal is located at least 200 meters away

from the first mobile BTS.

18. The method of claim 11 wherein the mobile terminals communicate wirelessly with
the first mobile BTS according to a Worldwide Interoperability for Microwave Access

(WiMAX) communication protocol.

19. The method of claim 11 wherein at least some of the mobile terminals
communicate wireless with the first mobile BTS according to one of a 3.5 generation
wireless communication technology and a 4 generation wireless communication

technology.

20. A method of servicing a well bore, comprising:
introducing a first fracturing fiuid via the 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;
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determining a second group of parameter values 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.

21. The method of claim 20, wherein wirelessly communicating is accomplished using

licensed frequency spectrum.

22. The method of claim 21, wherein the licensed frequency spectrum is 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.

23. The method of claim 20, wherein the wirelessly communicating is conducted using
scheduled transmission bursts containing the microseism data and wherein the

scheduling is based on wireless environmental conditions.

24. The method of claim 23, wherein the scheduling is based on a plurality of channel

conditions associated with orthogonal frequency division multiplex sub-carriers.

25. The method of claim 20, wherein the microseism data is 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.



WO 2009/077718 PCT/GB2008/004062

57

26. The method of claim 25, wherein the microseism data is communicated to the

analysis station at a throughout rate of about 10 million bits per second.
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FIG. 4
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