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Description
Background of the Disclosure

[0001] Wells are constructed at Earth’s surface or ocean bed and through subterranean geological formations to
facilitate recovery of natural deposits of oil and/or gas trapped therein. Well construction operations include drilling a
wellbore at a wellsite surface and through a subterranean geological formation comprising a subterranean reservoir
containing reservoir fluid comprising oil and/or gas. After the wellbore is drilled, a casing may be inserted therein and
secured via cement, such as to protect a sidewall of the wellbore, isolate different subterranean formations through
which the wellbore extends, and maintain control of the reservoir fluid and well pressure during various subsequent
downhole operations. Thereafter, additional metal tubular strings may be inserted within the wellbore to facilitate pro-
duction of the reservoir fluid to the wellsite surface. After the well is completed, various well tests and intervention
operations may be performed to evaluate and optimize well productivity.

[0002] A well test includes measuring downhole pressure and flow rate of reservoir fluid to determine properties of a
subterranean reservoir containing the reservoir fluid. Pressure and flow rate data recorded during the well test may then
be analyzed to evaluate the subterranean reservoir, such as to predict well productivity. A well test can be used to identify
various properties of a subterranean reservoir, including skin, effective permeability, and geology and connectivity of
boundary systems around the wellbore. A well test can be carried out before or after a well is completed, and at different
stages in the life of a subterranean reservoir. Thus, well tests come in a variety of sizes and modes of operation. Based
on the duration and cost, well test modes can range from open-hole wireline testing, to slickline bottomhole pressure
surveys of production wells, to simply monitoring shut-in wellhead pressure.

[0003] During a well test, a pressure disturbance generated in a subterranean reservoir is recorded by a downhole
pressure sensor to determine bottomhole pressure (BHP) or by a surface pressure sensor to determine well head
pressure (WHP). Producing the reservoir fluid during a drawdown mode of a well test and shutting in the reservoir fluid
during a build-up mode of the well test cause pressure disturbances at the wellsite surface, which are measured by
pressure sensors of surface well test equipment. A standard well test includes a clean-up mode, an initial build-up mode,
a flow mode (or drawdown), and a final build-up mode. The clean-up mode includes a first draw down to clean wellbore
fluid (e.g., drilling fluid, completion fluid, etc.) from the wellbore and to clean debris (e.g., formation particles) from well
perforations. The flow mode includes opening the wellbore at a constant rate to permit the reservoir fluid to flow, thereby
causing a decrease in the BHP. The build-up modes include shutting in the wellbore to prevent the reservoir fluid from
flowing, causing an increase in the BHP. Pressure and flow rate data recorded during the well test can be analyzed to
determine information about the well and the subterranean reservoir, including a well description for the tested well
interval, such as a production index (PI) and skin, and a reservoir description, such as average/effective permeability,
heterogeneities (e.g., fractures, layering, properties, etc.), boundaries, shape, distance, average pressure, and initial
pressure.

[0004] To facilitate well testing, heavy and cumbersome surface equipment is used to handle formation fluid produced
through a temporary completion established by a downhole tubular string, such as a drillstem testing (DST) string. The
surface equipment may include a three-phase test separator and a surge tank choke manifold, which is used to control
flow of the produced reservoir fluid. The tubular string may be used in conjunction with multiple packers and valve
devices. However, operating such downhole equipment using pressure and string rotations can be very limiting and
complicated. Operating such downhole equipment wirelessly by sending control commands in a sequential mode is time
consuming and inefficient. Furthermore, if a tested well is close to a production line, the produced fluids can be connected
to the production line and facilities. At locations that cannot accommodate storage and/or transport of produced reservoir
fluid, the reservoir fluid has to be routed to a burner for disposal, resulting in a high carbon footprint. Moreover, there
are cases where flaring of produced hydrocarbons is prohibited due to costs or environmental constraints.

[0005] The importance of well testing for characterizing subterranean reservoirs will keep increasing with the under-
standing of geology, new interpretation techniques, and the development of improved downhole gauges and flowmeters.
Although the main objectives of well testing have remained largely unchanged over the years, oil and gas engineers are
continuously seeking means of improving operational efficiency (time and cost savings) while maintaining the highest
level of operational standards, with safety and environment being paramount.

Summary of the Disclosure

[0006] This summary is provided to introduce a selection of concepts that are further described below in the detailed
description. This summary is not intended to identify indispensable features of the claimed subject matter, nor is it
intended for use as an aid in limiting the scope of the claimed subject matter.

[0007] The present disclosure introduces a system including: a tubular string disposed within a wellbore; fluid control
devices disposed in association with the tubular string and operable to form a downhole chamber configured to receive
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reservoir fluid from a subterranean reservoir; sensors disposed within the wellbore and operable to output sensor data
indicative of properties of the reservoir fluid; wireless communication devices disposed within the wellbore and operable
to communicate with each other, the fluid control devices, and the sensors; and a controller disposed at a wellsite surface.
The controller is operable to output a multiple query string for transmission to the fluid control devices and/or the sensors
via the wireless communication devices. The multiple query string includes queries each addressed to a corresponding
instance of the fluid control devices and/or the sensors. The queries are operable to cause the corresponding fluid control
devices and/or sensors to collectively perform at least a portion of a closed-chamber well test for determining properties
of the subterranean reservoir.

[0008] The present disclosure also introduces a system including: a tubular string disposed within a wellbore; fluid
control devices disposed in association with the tubular string and operable to form a downhole chamber configured to
receive reservoir fluid from a subterranean reservoir; sensors disposed within the wellbore and operable to output sensor
data indicative of properties of the reservoir fluid; acoustic communication devices disposed within the wellbore and
operable to communicate with each other, the fluid control devices, and the sensors; and a controller disposed at a
wellsite surface. The controller is operable to output a multiple query string for transmission to the fluid control devices
and/or the sensors via the acoustic communication devices. The multiple query string includes queries each addressed
to a corresponding instance of: the fluid control devices; and/or the sensors. The queries are operable to cause the
corresponding fluid control devices and/or sensors to collectively perform at least a portion of a closed-chamber well
test for determining properties of the subterranean reservoir. Each acoustic communication device is operable to: transmit
an instance of the queries to the corresponding fluid control device and/or sensor; receive response data output by the
corresponding fluid control device and/or sensor; save the response data to the multiple query string; and transmit the
multiple query string to a subsequent instance of the acoustic communication devices.

[0009] The present disclosure also introduces a method that includes causing a surface controller to output a multiple
query string to downhole fluid control devices and/or downhole sensors via wireless communication devices disposed
in association with a downhole tubular string. The multiple query string includes queries each addressed to a corre-
sponding instance of the downhole fluid control devices and/or the downhole sensors. The queries cause the corre-
sponding downhole fluid control devices and/or downhole sensors to collectively perform at least a portion of a closed-
chamber well test for determining properties of a subterranean reservoir.

[0010] These and additional aspects of the present disclosure are set forth in the description that follows, and/or may
be learned by a person having ordinary skill in the art by reading the material herein and/or practicing the principles
described herein. At least some aspects of the present disclosure may be achieved via means recited in the attached
claims.

Brief Description of the Drawings

[0011] The present disclosure is best understood from the following detailed description when read with the accom-
panying figures. It is emphasized that, in accordance with the standard practice in the industry, various features are not
drawn to scale. In fact, the dimensions of the various features may be arbitrarily increased or reduced for clarity of
discussion.

FIG. 1is a schematic view of at least a portion of an example implementation of apparatus according to one or more
aspects of the present disclosure.

FIGS. 2-6 are schematic views of a portion of the apparatus shown in FIG. 1 in different stages of operation according
to one or more aspects of the present disclosure.

FIG. 7 is a schematic view of at least a portion of an example implementation of apparatus according to one or more
aspects of the present disclosure.

Detailed Description

[0012] It is to be understood that the following disclosure provides many different embodiments, or examples, for
implementing different features of various embodiments. Specific examples of components and arrangements are de-
scribed below to simplify the present disclosure. These are, of course, merely examples and are not intended to be
limiting. In addition, the present disclosure may repeat reference numerals and/or letters in the various examples. This
repetition is for simplicity and clarity, and does not in itself dictate a relationship between the various embodiments and/or
configurations discussed. Moreover, the formation of a first feature over or on a second feature in the description that
follows, may include embodiments in which the first and second features are formed in direct contact, and may also
include embodiments in which additional features may be formed interposing the first and second features, such that
the first and second features may not be in direct contact.

[0013] Furthermore, terms, such as upper, upward, above, lower, downward, and/or below are utilized herein to indicate
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relative positions and/or directions between apparatuses, tools, components, parts, portions, members and/or other
elements described herein, as shown in the corresponding figures. Such terms do not necessarily indicate relative
positions and/or directions when actually implemented. Such terms, however, may indicate relative positions and/or
directions with respect to a wellbore when an apparatus according to one or more aspects of the present disclosure is
utilized or otherwise disposed within the wellbore. For example, the terms upper and upward may mean in the uphole
direction, and the terms lower and downward may mean in the downhole direction.

[0014] The present disclosure is directed to systems (e.g., apparatus) and methods (e.g., processes, operations, efc.)
for performing a well test for evaluating a subterranean reservoir containing a reservoir fluid and predicting well produc-
tivity. An example system according to one or more aspects of the present disclosure may facilitate a downhole chamber
for containing a reservoir fluid produced during a well test and facilitate disposal of the produced reservoir fluid within a
subterranean formation (e.g., this can prevent producing fluids and avoid handling and flaring such fluids at surface).
Such system may further facilitate fluid communication between a subterranean reservoir containing the reservoir fluid
and the chamber.

[0015] For example, a system within the scope of the present disclosure may utilize wireless telemetry to facilitate
communication between surface equipment located at a wellsite surface and downhole equipment located within a well.
Such system may also utilize the wireless telemetry to facilitate operational control of the downhole equipment (e.g.,
valve actuation) and downhole data acquisition. A system within the scope of the present disclosure may be automated
orotherwise operate automatically. A system within the scope of the present disclosure may facilitate automation schemes
for controlling operation of the downhole equipment to thereby facilitate modes of operation of the well test. A system
within the scope of the present disclosure may utilize an acoustic telemetry system to facilitate an automated, downhole,
closed-chamber well test. A system within the scope of the present disclosure may facilitate parallel control (e.g., auto-
mation) of the downhole equipment. For example, a system within the scope of the present disclosure may use acoustic
telemetry to actuate multiple pieces of downhole equipment with a single acoustic transmission. Such system may use
real-time telemetry data above and below an isolation packer to facilitate real-time monitoring of operational status of
the downhole equipment, thereby providing assurance of equipment/process integrity before proceeding with a subse-
quent mode (or sequence) of the well test. Such system may facilitate safe, step-by-step performance of the well test
and ensure that the well test objectives and zonal isolation are met, such that individual reservoir evaluation integrity
can be determined.

[0016] A system within the scope of the present disclosure may save capital expenditures by eliminating or reducing
the use of surface equipment for storing, moving, and/or otherwise handling the reservoir fluid produced during the well
test. Such system may reduce the complexity and cost of the well test. A system within the scope of the present disclosure
may eliminate the use of flaring of produced reservoir fluid, thereby reducing carbon emissions. A system within the
scope of the present disclosure may reduce other environmental risks (e.g., oil spills) and exposure of wellsite personnel
to health and safety hazards.

[0017] FIG. 1isaschematicview of atleasta portion of an example implementation of a wellsite system 100 representing
an example environment in which one or more aspects of the present disclosure may be implemented. The wellsite
system 100 is depicted in relation to a wellbore 102 formed by rotary and/or directional drilling and extending from a
wellsite surface 104 into a subterranean formation 106 comprising a subterranean reservoir 107 containing a reservoir
fluid comprising oil and/or gas. The wellsite system 100 includes surface equipment 120 located at the wellsite surface
104 and downhole equipment 122 installed or otherwise disposed within the wellbore 102. The wellsite system 100 may
be utilized to facilitate recovery of reservoir fluid containing the oil and/or gas via the wellbore 102. Itis noted that although
the wellsite system 100 is depicted as an onshore implementation, it is to be understood that the aspects described
below are also generally applicable or readily adaptable to offshore implementations.

[0018] The surface equipment 120 may comprise a well construction system 124, such as a well construction (e.g.,
drilling) rig and associated well construction equipment. The well construction system 124 may comprise a mast, a
derrick, and/or other support structure for supporting a drill string (not shown) for drilling the wellbore 102. The well
construction system 124 may further comprise a driver (not shown), such as a top drive, operable to connect with an
upper end of the drill string, and to impart rotary motion and vertical motion to the drill string. The top drive and the
connected drill string may be suspended from the support structure via hoisting equipment (not shown), which may
include a traveling block, a crown block, and a drawworks storing a support cable or line. The drawworks may thus
selectively impart tension to the support line to lift and lower the top drive, resulting in the vertical motion of the drill string.
[0019] The well construction system 124 may be operable to assemble the drill string at the wellsite surface 104 and
install (or insert) the drill string within the wellbore 102 as the drill string is assembled. The drill string may comprise a
plurality of drill pipes coupled together and terminating with a drill bit. The drill string may be inserted into the wellbore
102 through various fluid control equipment 126 disposed at the wellsite surface 104 over an opening of the wellbore
102. The fluid control equipment 126 may be operable to control fluid within the wellbore 102 during the well construction
(e.g., drilling) operations. The fluid control equipment 126 may include fluid control valves, spools, and fittings individually
and/or collectively operable to direct and/or otherwise control the flow of wellbore fluid (e.g., drilling fluid and/or reservoir
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fluid) out of the wellbore 102. The fluid control equipment 126 may also comprise a blowout preventer (BOP) stack
operable to prevent the flow of the wellbore fluid out of the wellbore 102. The fluid control equipment 126 may be mounted
on top of a wellhead 128.

[0020] The well construction system 124 may further include drilling fluid circulation equipment operable to circulate
drilling fluid between the surface equipment 120 and the drill string during drilling and other operations. The drilling fluid
circulation equipment may comprise a pit, a tank, and/or other fluid container holding the drilling fluid (i.e., drilling mud),
and one or more mud pump units (i.e., drilling fluid pumps) operable to move the drilling fluid from the container into the
drill string. The drilling fluid lubricates the drill bit and carries formation cuttings uphole to the wellsite surface 104. The
returning drilling fluid may exit the wellbore via different fluid control equipment 126 during different stages or scenarios
of well drilling operations. The drilling fluid returning to the wellsite surface 104 may be cleaned and/or reconditioned
via the drilling fluid reconditioning equipment (not shown), which may include one or more of liquid-gas (i.e., mud gas)
separators, shale shakers, and other drilling fluid cleaning and reconditioning equipment.

[0021] The well construction system 124 may further include power tongs (e.g., an iron roughneck) (not shown) for
making up and breaking out connections between each piece (or joint) of the drill string to assemble and disassemble
the drill string. A set of slips (not shown) may be located on the rig floor, such as may accommodate therethrough the
drill string during tubular make-up and break-out operations and during drilling operations. The slips may be in an open
position during drilling operations to permit advancement of the drill string, and in a closed position to clamp the upper
end (e.g., the uppermost tubular) of the drill string to thereby suspend and prevent advancement of the drill string within
the wellbore 102, such as during the make-up and break-out operations. During drilling operations, the various well
construction equipment of the well construction system 100 may progress through a plurality of coordinated operations
(i.e., operational sequences) to drill or otherwise construct the wellbore 102.

[0022] After the wellbore 102 is drilled, the well construction system 124 (and other surface equipment 120) may be
used to perform well completion operations to prepare the wellbore 102 for production. For example, the well construction
system 124 may be operable to install or otherwise dispose the downhole equipment 122 within the wellbore 102. The
well construction system 124 may be operable to assemble the casing 108 at the wellsite surface 104, install (or insert
or dispose) the casing 108 within the wellbore 102, and inject cement 109 between a sidewall of the wellbore 102 and
the casing 108 to secure the casing 108 within the wellbore 102.

[0023] Afterthe casing 108 is installed, the well construction system 124 may be further operable to assemble a tubular
string 130 at the wellsite surface 104 and install (e.g., insert or dispose) the tubular string 130 within the wellbore 102
as the tubular string 130 is assembled. The tubular string 130 may comprise a plurality of tubular members (e.g., drill
pipes, tough logging condition (TLC) pipes, drill collars, etc.). The tubular string 130 may comprise an inner surface
defining an internal space (or bore) 103 of the tubular string 130. The tubular string 130 may further comprise an outer
surface defining an annular space (or annulus) 105 between the outer surface of the tubular string 130 and an inner
surface of the wellbore 102 (i.e., an inner surface of the casing 108 lining the wellbore 102).

[0024] The surface equipment 120 may further comprise a fluid delivery system 160 operable to inject or otherwise
deliver a fluid downhole to a predetermined location or depth within the wellbore 102. The fluid delivery system 160 may
thus be or comprise a fluid source. The fluid delivery system 160 may comprise a fluid container 162 containing a fluid
(e.g., agas oraliquid). The fluid delivery system 160 may also comprise a reel (or drum) 164 configured to store thereon
a wound length of a fluid conduit 166 (e.g., coiled tubing) for delivering the fluid into the wellbore 102. The fluid delivery
system 160 may further comprise a conveyance device 168 operable to apply adjustable downward and/or upward
forces to the fluid conduit 166 to convey the fluid conduit 166 within the wellbore 102. The conveyance device 168 may
be, comprise, or form at least a portion of a sheave or pulley, a winch, a drawworks, an injector head, and/or other device
operable to guide and/or move the fluid conduit 166 within the wellbore 102. The conveyance device 168 may be
supported above the wellbore 102 via a mast, a derrick, a crane, and/or other support structure (not shown). The reel
164 may be selectively wound and unwound by the conveyance device 168 to selectively convey the fluid conduit 166
into, within, and out of the wellbore 102. The fluid delivery system 160 may also comprise a fluid conduit 167 for delivering
the fluid into the wellbore 102 at the wellsite surface 104. The fluid conduit 167 may extend between the fluid container
162 and one or more of the wellhead 128 and the fluid control equipment 126 to fluidly connect the fluid container 162
and upper end of the wellbore 102. The fluid delivery system 160 may be or comprise a gas delivery system (or source)
operable to inject a gas (e.g., nitrogen) into the tubular string 130 downhole via the fluid conduit 166 or at the wellsite
surface 104 via the fluid conduit 167. The fluid delivery system 160 may instead be or comprise a liquid (or slurry) delivery
system (or source) operable to inject a liquid (e.g., well kill fluid) into the tubular string 130 downhole via the fluid conduit
166 or at the wellsite surface 104 via the fluid conduit 167.

[0025] The surface equipment 120 may further comprise a sealing and alignment assembly 129 mounted on the fluid
control equipment 126 and operable to seal the fluid conduit 166 during downhole conveyance and operations. The
sealing and alignment assembly 129 may comprise a lock chamber (e.g., a lubricator, an airlock, a riser, etc.) mounted
on the fluid control equipment 126 and a stuffing box operable to seal around the fluid conduit 166, although such details
are not shown in FIG. 1. The stuffing box may be operable to seal around an outer surface of the fluid conduit 166, for
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example via annular packings applied around the surface of the fluid conduit 166 and/or by injecting a fluid between the
outer surfaces of the fluid conduit 166 and an inner wall of the stuffing box. The fluid conduit 166 may thus be deployed
into and retrieved from the wellbore 102 via the conveyance device 168 through the wellhead 128, the fluid control
equipment 126, and/or the sealing and alignment assembly 129.

[0026] The downhole equipment 122 may further comprise a plurality of fluid control devices 132-144 and sensors
145-149 (and other devices) carried by, connected to, or otherwise disposed in association with a lower portion of the
tubular string 130. The upper and longer portion of the tubular string 130 may be referred to as a major string and the
lower and shorter portion of the tubular string 130 associated with the fluid control devices 132-144 and sensors 145-149
may be referred to as a bottomhole assembly (BHA). Thus, the tubular string 130 may be referred to in the oil and gas
industry as a tubular tool string or a drill stem.

[0027] The fluid control devices 132-144 may comprise an upper sleeve device 132 and a lower sleeve device 134
for selectively controlling fluid flow between the internal space 103 and the annular space 105. For example, the upper
sleeve device 132 may comprise an upper sleeve selectively movable between a closed position in which the upper
sleeve and, thus, the upper sleeve device 132 prevents flow of fluid between the internal space 103 and the annular
space 105, and an open position in which the upper sleeve and, thus, the upper sleeve device 132 permits flow of fluid
between the internal space 103 and the annular space 105. The lower sleeve device 134 may comprise a lower sleeve
selectively movable between a closed position in which the lower sleeve and, thus, the lower sleeve device 134 prevents
flow of fluid between the internal space 103 and the annular space 105, and an open position in which the lower sleeve
and, thus, the lower sleeve device 134 permits flow of fluid between the internal space 103 and the annular space 105.
[0028] The fluid control devices 132-144 may further comprise an upper valve device 136, a lower valve device 138,
and an intermediate valve device 140 between the upper valve device 136 and the lower valve device 138. The valve
devices 136, 138, 140 may be or comprise downhole tester valves. Each valve device 136, 138, 140 may be operable
to selectively control fluid flow within (or along) the internal space 103. For example, the upper valve device 136 may
comprise a gate, a sleeve, a flapper, or other blocking member selectively movable between a closed position in which
the blocking member and, thus, the upper valve device 136 prevents flow of fluid within the internal space 103, and an
open position in which the blocking member and, thus, the upper valve device 136 permits flow of fluid within the internal
space 103. The lower valve device 138 may comprise a gate, a sleeve, a flapper, or other blocking member selectively
movable between a closed position in which the blocking member and, thus, the lower valve device 138 prevents flow
of fluid within the internal space 103, and an open position in which the blocking member and, thus, the lower valve
device 138 permits flow of fluid within the internal space 103. The intermediate valve device 140 may comprise a gate,
a sleeve, a flapper, or other blocking member selectively movable between a closed position in which the blocking
member and, thus, the intermediate valve device 140 prevents flow of fluid within the internal space 103, and an open
position in which the blocking member and, thus, the intermediate valve device 140 permits flow of fluid within the internal
space 103.

[0029] The fluid control devices 132-144 may also comprise an upper packer 142 for selectively controlling fluid flow
within the annular space 105 and a lower packer 144 for selectively controlling fluid flow within the annular space 105.
For example, the upper packer 142 may comprise a packer element selectively movable between a set (or expanded)
position in which the packer element and, thus, the upper packer 142 is set against the inner surface of the casing 108
to seal the annular space 105 and prevent flow of fluid within the annular space 105, and an unset (or retracted) position
in which the packer element and, thus, the upper packer 142 is unset from the inner surface of the casing 108 to unseal
the annular space 105 and permit flow of fluid within the annular space 105. The lower packer 144 may comprise a
packer element selectively movable between a set position in which the packer element and, thus, the lower packer 144
is set against the inner surface of the casing 108 to seal the annular space 105 and prevent flow of fluid within the annular
space 105, and an unset position in which the packer element and, thus, the lower packer 144 is unset from the inner
surface of the casing 108 to unseal the annular space 105 and permit flow of fluid within the annular space 105. The
packers 142, 144 may be retrievable packers used to temporarily create a fluid barrier between the subterranean reservoir
107 and the annular space 105 between the packers 142, 144. The lower packer 144 may form a fluid barrier between
the subterranean reservoir 107 and the downhole equipment 122 and annular space 105 above the lower packer 144.
The upper packer 142 may seal the annular space 105 between the packers 142, 144. The lower packer 144 may be
a rotation-to-set packer (i.e., a mechanical packer) and the upper packer 142 may be a non-rotation-to-set packer that
can be wirelessly controlled (e.g., via acoustic telemetry).

[0030] The downhole equipment 122 may further comprise a perforating gun 146 connected to or otherwise carried
by the BHA of the tubular string 130. The perforating gun 146 may be selectively operable to perforate the well, including
the casing 108, the cement 108, and the subterranean formation 106 surrounding the wellbore 102 to cause the reservoir
fluid to be discharged from or otherwise flow out of the subterranean reservoir 107 into the wellbore 102, including the
internal space 103 of the tubular string 130.

[0031] The downhole equipment 122 may further comprise a choke (not shown) connected to or otherwise carried by
the BHA of the tubular string 130 along the internal space 103 of the tubular string 130. For example, the choke may be
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disposed adjacent to (e.g., just above or below) the lower valve device 138. The choke may be selectively operable to
vary (e.g., reduce) flow rate of the reservoir fluid flowing into or along the internal space 103 of the tubular string 130.
[0032] The downhole equipment 122 may further comprise a fluid sampler (not shown) connected to or otherwise
carried by the BHA of the tubular string 130 along the internal space 103 of the tubular string 130. For example, the fluid
sampler may be disposed adjacent to (e.g., just above or below) the lower valve device 138. The fluid sampler may be
selectively operable to take samples of the reservoir fluid flowing into or along the internal space 103 of the tubular string
130, analyze the reservoir fluid samples, and output sample data indicative of properties of the reservoir fluid sample.
[0033] The fluid control devices 132-144, the sensors 145-149, the perforating gun 146, the choke, and/or the fluid
sampler may each comprise a wireless communication device permitting the fluid control devices 132-144, the sensors
145-149, the perforating gun 146, the choke, and/or the fluid sampler to wirelessly communicate with other wireless
communication devices disposed downhole and within a wireless communication range. The fluid control devices
132-144, the sensors 145-149, the perforating gun 146, the choke, and/or the fluid sampler may each be operable to
wirelessly receive control data (e.g., control commands, information queries, etc.) operable to cause that instance of the
fluid control devices 132-144, the sensors 145-149, the perforating gun 146, the choke, and/or the fluid sampler to
perform a predetermined operation or otherwise operate in a predetermined manner. The fluid control devices 132-144,
the sensors 145-149, the perforating gun 146, the choke, and/or the fluid sampler may each be operable to wirelessly
transmit feedback data (e.g., sensor data, status data, etfc.) output by that instance of the fluid control devices 132-144,
the sensors 145-149, the perforating gun 146, the choke, and/or the fluid sampler. Each wireless communication device
of the fluid control devices 132-144, the sensors 145-149, the perforating gun 146, the choke, and/or the fluid sampler
may be or comprise an acoustic communication device operable to communicate with another downhole communication
devices via acoustic signals, which may propagate or travel through or along the tubular string 130 and/or a fluid located
within the wellbore 102, as indicated by arrows 151, 152.

[0034] The fluid control devices 132-144, in conjunction with the tubular string 130, may be operable to form a downhole
chamber 110 configured to receive the reservoir fluid discharged from the subterranean reservoir 107 into the wellbore
102. The chamber 110 may comprise the internal space 103 between the upper valve device 136 and the lower valve
device 138, and the annular space 105 between the upper packer 142 and the lower packer 144. Thus, after the well is
perforated by the perforating gun 146, the reservoir fluid discharged from the subterranean reservoir 107 into the wellbore
102 may be directed to or received by the chamber 110.

[0035] The chamber 110 may be configured to facilitate a closed-chamber well test for determining properties of the
subterranean reservoir 107. The fluid control devices 132-144, the sensors 145-149, the choke, and/or the fluid sampler
may be operable to collectively perform at least a portion of the closed-chamber well test, including a flow rate test and
a pressure build-up test of the reservoir fluid discharged from the subterranean reservoir 107.

[0036] The sensors 145-149 may be operable to output sensor data indicative of properties of the reservoir fluid
discharged from the subterranean reservoir 107 into the chamber 110 and/or a portion of the wellbore 102 external from
the chamber 110. The sensors 145-149 may comprise a flow rate sensor (or a flowmeter) operable to output flow rate
data indicative of flow rate of the reservoir fluid flowing into the chamber 110 and/or a portion of the wellbore 102 external
from the chamber 110. The sensors 145-149 may also or instead comprise a pressure sensor operable to output pressure
data indicative of pressure of the reservoir fluid flowing into the chamber 110 and/or a portion of the wellbore 102 external
from the chamber 110. The sensors 145-149 may also or instead comprise a temperature sensor operable to output
temperature data indicative of temperature of the reservoir fluid flowing into the chamber 110 and/or a portion of the
wellbore 102 external from the chamber 110. The properties of the subterranean reservoir 107 may then be determined
based on sensor data output by the sensors 145-149 during the closed-chamber well test. The sensor data output by
the sensors 145-149 may be further indicative of operational status of the certain downhole equipment, such as the
packers 142, 144, the valve devices 136, 138, 140, and the sleeve devices 132, 134. The sensors 145 may be disposed
above the upper valve device 136, the sensors 147 may be disposed between the upper valve device 136 and the lower
valve device 138, and the sensors 149 may be disposed below the lower valve device 138.

[0037] The sensors 145-149 may be set to acquire sensor data at predetermined acquisition (or sampling) rates (e.g.,
every one second, one minute, five minutes, efc.). Data acquisition software run by the sensors 145-149 may continue
to query data with a fixed rate until the rate is changed for a specific reason, such as a well test phase change (e.g.,
from a flow mode to a pressure build-up mode, wherein during the build-up more, specific acquisition rates are used).
Ability to have dynamic and adaptive acquisition rates during the well test may reduce energy usage and optimize battery
life of the sensors 145-149 and other downhole equipment 122 in communication with the sensors 145-149.

[0038] The downhole equipment 122 may further comprise a plurality of downhole wireless communication devices
150 disposed within the wellbore 102 and operable to communicate with each other, the fluid control devices 132-144,
the sensors 145-149, the perforating gun 146, the choke, and/or the fluid sampler. The wireless communication devices
150 may be carried by, connected to, or otherwise disposed in association with the tubular string 130. For example, the
wireless communication devices 150 may be clamped onto an outer surface of the tubular string 130. The wireless
communication devices 150 disposed in association with the BHA portion of the tubular string 130 may be associated
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with the fluid control devices 132-144, the sensors 145-149, the perforating gun 146, the choke, and/or the fluid sampler.
The surface equipment 120 may comprise a surface wireless communication device 154 carried by, connected to, or
otherwise disposed in association with one or more of the wellhead 128 and the fluid control equipment 126. The wireless
communication device 154 may be communicatively connected (e.g., via wired or wireless communication means) with
and operable to communicate with one or more of the surface equipment 120. The wireless communication device 154
may also be communicatively connected (e.g., via wireless communication means) with and operable to communicate
with one or more of the downhole wireless communication devices 150. The wireless communication device 154 may
thus facilitate communication between one or more of the surface equipment 120 and one or more of the downhole
wireless communication devices 150.

[0039] The wireless communication devices 150, 154 may each operable to communicate with another one or more
of the wireless communication devices 150, 154, the fluid control devices 132-144, the sensors 145-149, the perforating
gun 146, the choke, and/or the fluid sampler via wireless signals. For example, the wireless communication devices
150, 154 may be or comprise acoustic repeaters (or modems), each operable to communicate with one or more of other
wireless communication devices 150, 154, the fluid control devices 132-144, the sensors

[0040] 145-149, the perforating gun 146, the choke, and/or the fluid sampler via acoustic signals, which may propagate
or travel through or along the tubular string 130 and/or a fluid located within the wellbore 102, as indicated by arrows
151, 152. The wireless communication device 154 may be a master (or hub) wireless communication device operable
to translate a digital control command (e.g., an algorithm) into a wireless signal, such as an acoustic signal.

[0041] Acoustic communication may comprise generating an acoustic wave (or vibrations) at one location along the
tubular string 130 and modulating the vibrations to code digital information into or within the vibrations. Such step is
called a transmission (TX). The acoustic wave the travels along the tubular string 130 to another location with a receiver.
The receiver demodulates and decodes the received acoustic wave and transforms it back to digital information. Such
step is called reception (RX). In practice, acoustic transmission through a testing string or drilling pipe is complex.
Attenuation of an acoustic wave strongly depends on frequency of the acoustic wave. Overall, it is difficult to propagate
an acoustic wave across several tens of thousands of feet. Propagation over an entire length of the tubular string would
mandate a high-power downhole transmitter. However, each wireless communication device 150 of the network of
wireless communication devices 150 forms a small footprint and uses low power and is operable to transmit and receive
an acoustic wave. Each wireless communication device 150 can therefore process data within the acoustic wave and
transmit it again with a higher amplitude (or power) to the next wireless communication device 150 along the tubular
string 130. Each wireless communication device 150 may comprise an acoustic transducer and associated electronics,
packaged in a single cartridge. Each wireless communication device 150 may be powered by a battery. The network of
wireless communication devices 150 may facilitate real-time bidirectional communication (e.g., control, data acquisition,
efc.) between one or more of the surface equipment 120 and one or more of the downhole equipment 122.

[0042] The surface equipment 120 may further comprise a power and control system 170 (e.g., a control center) may
be utilized to monitor and control various portions of the wellsite system 100. The power and control system 170 may
be located at the wellsite surface 104 or on a structure located at the wellsite surface 104. However, the power and
control system 170 may instead be located at a location remote from the wellsite surface 104. The power and control
system 170 may include a source of electrical power 172, a control workstation 174 (i.e., a human machine interface
(HMI)), and a surface controller 176 (e.g., a processing device or computer). The electrical power source 172 (e.g., a
battery, an electric generator, efc.) may supply electrical power to various surface and downhole equipment 120, 122
of the wellsite system 100, including the control workstation 174 and the surface controller 176. The surface controller
176 may be communicatively connected with various equipment of the wellsite system 100, such as may permit the
surface controller 176 to monitor operations of one or more portions of the wellsite system 100 and/or to provide manual
and/or automatic control of one or more portions of the wellsite system 100, including surface equipment 120, such as
the fluid delivery system 160 and the surface wireless communication device 154, and the downhole equipment 122,
such as the fluid control devices 132-144, the sensors 145-149, the perforating gun 146, the choke, the fluid sampler,
and the wireless communication devices 150. The control workstation 174 may be communicatively connected with the
surface controller 176 and may include input devices (e.g., a joystick, a keyboard, etc.) for receiving the control data
from human wellsite personnel and output devices (e.g., a video monitor, audio speakers, etc.) for displaying sensor
data and other information to the wellsite personnel. The surface controller 176 may be operable to receive and process
downhole data (e.g., sensor data) or information received from the downhole equipment 122 and/or control data (i.e.,
control commands) entered to the surface controller 176 by the wellsite personnel via the control workstation 174. The
surface controller 176 may store executable computer programs and/or instructions and may be operable to automatically
implement or otherwise cause one or more aspects of methods, processes, and operations described herein based on
the executable computer programs, the received sensor data, and the received control data. The control workstation
174 may also or instead be used by the wellsite personnel to manually control one or more portions of the wellsite system
100 to thereby implement or otherwise cause one or more aspects of methods, processes, and operations described
herein.
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[0043] The network of wireless communication devices 150 may facilitate real-time bidirectional communication (e.g.,
control, data acquisition, etc.) between the power and control system 170 (e.g., the surface controller 176) and one or
more of the downhole equipment 122 to thereby facilitate real-time control of the downhole equipment 122 by the surface
controller 176. The power and control system 170 may be used to cause the surface equipment 120 and the downhole
equipment 122 to collectively perform at least a portion of the closed-chamber well test for determining properties of the
subterranean reservoir 107. For example, the wellsite personnel may use the control workstation 174 to manually control
one or more of the surface equipment 120 and the downhole equipment 122 to cause the surface equipment 120 and
the downhole equipment 122 to perform at least a portion of the closed-chamber well test. The wellsite personnel may
instead use the control workstation 174 to manually initiate operation of the surface controller 176 to cause the surface
controller 176 to automatically control one or more of the surface equipment 120 and the downhole equipment 122 to
thereby cause the surface equipment 120 and the downhole equipment 122 to automatically perform at least a portion
of the closed-chamber well test.

[0044] The surface controller 176 may be operable to output control data to the fluid control devices 132-144, the
sensors 145-149, the choke, and/or the fluid sampler via the wireless communication devices 150, 154 to thereby cause
the fluid control devices 132-144, the sensors 145-149, the choke, and/or the fluid sampler to perform at least a portion
of the closed-chamber well test. The surface controller 176 may output the control data to the surface wireless commu-
nication device 154, which may then wirelessly communicate the control data to one or more of the downhole wireless
communication devices 150, which may receive and relay (or forward) the control data downhole, as indicated by the
arrows 151, to the fluid control devices 132-144, the sensors 145-149, the choke, and/or the fluid sampler, thereby
causing the fluid control devices 132-144, the sensors 145-149, the choke, and/or the fluid sampler to perform at least
a portion of the closed-chamber well test.

[0045] The control data output by the surface controller 176 to the fluid control devices 132-144, the sensors 145-149,
the choke, and/or the fluid sampler may be output by the surface controller 176 and/or otherwise transmitted to the fluid
control devices 132-144, the sensors 145-149, the choke, and/or the fluid sampler in the form of a plurality of multiple
query strings, each comprising a plurality of queries (e.g., simple queries), each addressed or otherwise designated to
a corresponding instance of the fluid control devices 132-144, the sensors 145-149, the choke, and/or the fluid sampler.
A query of a multiple query string may be or comprise a separate data batch operable to cause a corresponding instance
of the fluid control devices 132-144, the sensors 145-149, the choke, and/or the fluid sampler to perform a predetermined
operation or otherwise operate in a predetermined manner. The multiple query strings may instead be actually generated
(or compiled) by the surface wireless communication device 154 based on control commands output by the surface
controller 176. The surface wireless communication device 154 may thus be or form a portion of the surface controller
176 (or a surface control system) operable to cause the fluid control devices 132-144, the sensors 145-149, the choke,
and/or the fluid sampler to perform at least a portion of the closed-chamber well test.

[0046] Each multiple query string may be transmitted to the fluid control devices 132-144, the sensors 145-149, the
choke, and/or the fluid sampler via the wireless communication devices 150, 154 to thereby cause the fluid control
devices 132-144, the sensors 145-149, the choke, and/or the fluid sampler to perform at least a portion of the closed-
chamber well test. Each multiple query string received or generated by the surface wireless communication device 154
may be wirelessly communicated by the surface wireless communication device 154 in the form of a wireless signal, as
indicated by the arrows 151, to one or more of the downhole wireless communication devices 150. Each downhole
wireless communication device 150 may receive a multiple query string and check if one or more of the queries contained
therein are addressed to that downhole wireless communication device 150 (or an associated one of the fluid control
devices 132-144, the sensors 145-149, the choke, or the fluid sampler). If yes, then the downhole wireless communication
device 150 will dequeue the query, process the query, transmit the query to the associated one of the fluid control devices
132-144, the sensors 145-149, the choke, and the fluid sampler. If no, then the downhole wireless communication device
150 will relay the multiple query string downhole in the form of a wireless signal, as indicated by the arrows 151, to a
subsequent wireless communication device 150, which may then check if one or more of the queries contained therein
are addressed to that downhole wireless communication device 150 (or an associated one of the fluid control devices
132-144, the sensors 145-149, the choke, or the fluid sampler). Such process may continue until each query of the
multiple query string is received by a downhole wireless communication device 150 (or an associated one of the fluid
control devices 132-144, the sensors 145-149, the choke, or the fluid sampler). A multiple query string may be referred
to as a multiple hop query, as the multiple query string is relayed (or hops) multiple times between the wireless commu-
nication devices 150, 154.

[0047] A queryofamultiple query string may be or comprise a control command addressed to a corresponding instance
of the fluid control devices 132-144 and the choke. Each wireless communication device 150 may thus be operable to
transmit an instance of the control commands to a corresponding instance of the fluid control devices 132-144 and the
choke. Each control command may be operable to cause a corresponding instance of the fluid control devices 132-144
and the choke to perform a predetermined mechanical operation (e.g., open or close) or otherwise mechanically operate
in a predetermined manner to perform at least a portion of the closed-chamber well test. The multiple query string may
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thus be or comprise a multiple control command string.

[0048] A multiple query string may also or instead be or comprise a multiple sensor data string, wherein a query of a
multiple query string may be or comprise a sensor data request addressed to a corresponding instance of the sensors
145-149 and the fluid sampler. Each wireless communication device 150 may thus be operable to transmit an instance
of the sensor data requests to a corresponding instance of the sensors 145-149 and the fluid sampler. Each sensor data
request may be operable to cause a corresponding instance of the sensors 145-149 and the fluid sampler to measure
a property of the reservoir fluid to perform at least a portion of the closed-chamber well test.

[0049] Upon receiving a corresponding query of a multiple query string and upon performing the predetermined op-
eration indicated by the corresponding query, each of the fluid control devices 132-144, the sensors 145-149, the choke,
and/or the fluid sampler may be operable to output and wirelessly transmit a response (or feedback) data to a corre-
sponding wireless communication device 150. For example, an instance of the fluid control devices 132-144 and the
choke may be operable to output and wirelessly transmit a confirmation data indicative that the predetermined operation
indicated by the corresponding query has been performed. An instance of the sensors 145-149 and the fluid sampler
may be operable to output and wirelessly transmit a corresponding sensor data indicative of the property of the reservoir
fluid. The corresponding wireless communication device 150 may then receive the response data output by the corre-
sponding instance of the fluid control devices 132-144, the sensors 145-149, the choke, and/or the fluid sampler, save
the response data to the multiple query string (i.e., queue the response in the payload of the multiple query string), and
transmit the multiple query string to a subsequent instance of the wireless communication devices 150. The subsequent
instance of the wireless communication devices 150 may then transmit an instance of the queries to a corresponding
instance of the fluid control devices 132-144, the sensors 145-149, the choke, and/or the fluid sampler, receive response
data output by the corresponding instance of the fluid control devices 132-144, the sensors 145-149, the choke, and/or
the fluid sampler, save the response data to the multiple query string, and transmit the multiple query string to another
subsequent instance of the wireless communication devices 150. Such process may be repeated until a final (e.g., most
downhole) instance of the wireless communication devices 150 receives the multiple query string. The final instance of
the wireless communication devices 150 may operable to compile the responses saved to the multiple query string and
transmit the multiple query string to the surface controller 176 via the wireless communication devices 150, 154. The
surface controller 176 may then receive the multiple query strings communicated during the closed-chamber well test,
confirm operation of certain downhole equipment 122, and determine properties of the subterranean reservoir 107 based
on the sensor data saved in the multiple query strings.

[0050] The closed-chamber well test that can be performed by the fluid control devices 132-144, the sensors 145-149,
the choke, and/or the fluid sampler may comprise a plurality of modes (i.e., stages or phases) of operation that may be
performed to facilitate the sensor data based on which the properties of the subterranean reservoir 107 can be determined.
FIGS. 2-6 show the downhole equipment 122 during different modes of operation of the closed-chamber well test. As
described above, the fluid control devices 132-144 are selectively operable between open and closed positions. A closed
position of a fluid control device 132-144 is indicated in FIGS. 2-6 by a rectangular box containing or otherwise encom-
passing crossed lines (in an X configuration). An open position of a fluid control device 132-144 is indicated in FIGS.
2-6 by a rectangular box that does not encompass crossed lines or is otherwise empty.

[0051] FIG. 2 shows the downhole equipment 122 during a clean-up mode of operation of the closed-chamber well
test during which the wellbore fluid located within the downhole chamber 110 may be evacuated or otherwise forced out
of the chamber 110. Before or during the clean-up mode, the surface controller 176 and/or wellsite human personnel
may operate the fluid delivery system 160 to cause the fluid conduit 166 to be deployed within the internal space 103
of the tubular string 130 until the fluid conduit 166 reaches the upper valve device 136 or extends below the upper valve
device 136. The fluid delivery system 160 may be operable to inject a gas (e.g., nitrogen) into the chamber 110 to force
or otherwise displace the wellbore fluid out of the chamber 110. The surface controller 176 may then initiate the clean-
up mode by outputting a multiple query string to the surface wireless communication device 154, which may then
wirelessly communicate the multiple query string to one or more of the downhole wireless communication devices 150,
which may then wirelessly communicate the multiple query string to the fluid control devices 132-144. The queries of
the multiple query string may cause the upper packer 142 to open to permit flow of the wellbore fluid upward out of the
chamber 110, the upper sleeve device 132 to close to prevent flow of the gas and the wellbore fluid between the spaces
103, 105, the upper valve device 136 to open to permit flow of the gas downward into the chamber 110, the intermediate
valve device 140 open to permit flow of the gas and the wellbore fluid, the lower sleeve device 134 to open to permit
flow of the gas and the wellbore fluid between the spaces 103, 105, the lower packer 144 to close to prevent flow of the
wellbore fluid upward into the chamber 110, and the lower valve device 138 to close to prevent flow of the wellbore fluid
upward into the chamber 110. The query string may not comprise a query for the lower packer 144, if the lower packer
is not selectively operable between open and closed positions, but is permanently set to the closed position.

[0052] Although the internal space 103 between the valve devices 136, 138 and the annular space 105 between the
packers 142, 144 are referred to collectively as the chamber 110 while still containing wellbore fluid, it is to be understood
that such nomenclature is used to refer to such spaces 103, 105 for clarity and consistency, regardless whether such
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spaces 103, 105 contain the wellbore fluid. It is to be further understood that such spaces 103, 105 actually become a
chamber after the wellbore fluid is displaced therefrom with a gas.

[0053] After the queries are received by the corresponding fluid control devices 132-144, the surface controller 176
and/or wellsite human personnel may operate the fluid delivery system 160 to cause the fluid conduit 166 to inject the
gas through the tubular string 130 into the chamber 110 to displace the wellbore fluid out of the chamber 110, as indicated
in FIG. 2. For example, the gas may force the wellbore fluid downward along the internal space 103 of the tubular string
130, as indicated by arrows 155, and then to flow out of the tubular string 130 into the annular space 105 via the lower
sleeve devices 134. The wellbore fluid may then be forced to flow upward along the annular space 105, as indicated by
arrows 156, and then flow out of the chamber 110 via the upper packer 142. The wellbore fluid displaced into the annular
space 105 above the upper packer 142 and discharged out of the wellbore 102 via a fluid control device 126, may be
directed to and stored within a fluid container (not shown) at the wellsite surface 104.

[0054] After the wellbore fluid is displaced from the chamber 110, the surface controller 176 and/or the wellsite human
personnel may then stop the clean-up mode by operating the fluid delivery system 160 to cause the fluid delivery system
160 to stop injecting the gas within the internal space 103 of the tubular string 130 and/or to retract the fluid conduit 166
to the wellsite surface 104. Thereafter, the surface controller 176 may output another multiple query string to the fluid
control devices 132-144 to cause the upper packer 142 and the upper valve device 136 to close, thereby closing the
chamber 110 and fluidly isolating the chamber 110 from the rest of the wellbore 102.

[0055] FIG. 3 shows the downhole equipment 122 during a pressure buildup mode of operation of the closed-chamber
well test during which pressure of the reservoir fluid is measured below the chamber 110 while the chamber 110 is
closed. For example, after the wellbore fluid is displaced from the chamber 110 and the upper valve device 136 and the
upper packer 142 are closed, the surface controller 176 may output another multiple query string to cause the perforating
gun 146 to fire to perforate the wellbore 102, forming the perforations 157 extending into the subterranean reservoir 107
and causing the reservoir fluid to flow out of the subterranean reservoir 107 into the wellbore 102 and the tubular string
130 below the chamber 110, as indicated by arrows 157.

[0056] The surface controller 176 may then initiate the pressure buildup mode by outputting a multiple query string to
the fluid control devices 132-144, the sensors 145-149, the choke, and/or the fluid sampler via the wireless communication
devices 150, 154. For example, the queries of the multiple query string may cause the lower packer 144 and/or the lower
valve device 138 to close to prevent flow of the reservoir fluid upward into the chamber 110. If the lower packer 144
and/or the lower valve device 138 are already closed, the queries of the multiple query string may confirm that the lower
packer 144 and/or the lower valve device 138 are closed. The queries of the multiple query string may also cause a
pressure sensor of the sensors 149 located below the chamber 110 to output pressure data and/or temperature data,
which may then be saved to the multiple query string and transmitted to the surface controller 176 at the wellsite surface
104 via the wireless communication devices 150, 154, as described above.

[0057] FIG. 4 shows the downhole equipment 122 during a flow mode of operation of the closed-chamber well test
during which pressure of the reservoir fluid is measured while the reservoir fluid is flowing into the chamber 110. For
example, after the pressure buildup mode is completed, the surface controller 176 may initiate the flow mode by outputting
a multiple query string to the fluid control devices 132-144, the sensors 145-149, the choke, and/or the fluid sampler via
the wireless communication devices 150, 154 to cause the reservoir fluid to flow into the chamber 110, as indicated by
arrows 158, and to cause a pressure sensor, a temperature sensor, and/or a flow sensor of the sensors 145, 147 located
within and/or below the chamber 110 to measure pressure, temperature, and/or flow rate, respectively. For example,
the queries of the multiple query string may cause the lower valve device 138 to open to permit flow of the reservoir fluid
upward into the chamber 110. The queries of the multiple query string may also cause the upper packer 142 to close,
the upper sleeve device 132 to open, the upper valve device 136 to close, the intermediate valve device 140 to open,
the lower sleeve device 134 to open, and the lower packer 144 to close. If the fluid control devices 132-144 are already
in such positions, the queries of the multiple query string may just confirm that the fluid control devices 132-144 are
already in such positions. The queries of the multiple query string may also cause the sensors 145, 147 to output pressure
data, temperature data, and/or flow rate data, which may then be saved to the multiple query string and transmitted to
the wellsite surface 104 via the wireless communication devices 150, 154, as described above. The queries of the
multiple query string may also cause the choke to adjust a flow rate of the reservoir fluid flowing into the chamber 110.
The queries of the multiple query string may also cause the fluid sampler take a sample of the reservoir fluid, analyze
the reservoir fluid sample, and output sample data, which may then be saved to the multiple query string and transmitted
to the wellsite surface 104 via the wireless communication devices 150, 154, as described above.

[0058] FIGS. 5 and 6 show the downhole equipment 122 during a well killing mode of operation during which a well-
killing fluid is injected into the tubular string 130 to displace (or push) the reservoir fluid within the chamber 110 and other
portions of the wellbore 102 back into the subterranean reservoir 107. For example, after the flow mode of the closed-
chamber well test is completed, the surface controller 176 may initiate well killing mode by outputting a multiple query
string to the fluid control devices 132-144 and/or the sensors 145, 147, 149 via the wireless communication devices
150, 154. The queries of the multiple query string may cause the upper valve device 136 to open to permit flow of the
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well kill fluid downward into the chamber 110, the upper packer 142 to close, the upper sleeve device 132 to open, the
lower valve device 138 to open, the lower packer 144 to close, and the lower sleeve device 134 to open.

[0059] After the queries are received by the corresponding fluid control devices 132-144, the surface controller 176
and/or wellsite human personnel may operate the fluid delivery system 160 to cause the fluid delivery system 160 to
inject a well kill fluid into and through the tubular string 130 to displace the reservoir fluid within the chamber 110 and
other portions of the wellbore 102 back into the subterranean reservoir 107. Such configuration of the fluid control devices
132-144 may permit the well kill fluid to flow through the internal space 103 and the annular space 103 of the chamber
110 to displace the reservoir fluid out of the chamber 110, into the wellbore 102 below the chamber 110, and back into
the subterranean reservoir 107 via the perforations 157. The queries of the multiple query string may also cause the
intermediate valve device 140 to close. Such configuration of the fluid control devices 132-144 may permit the well kill
fluid to flow through the internal space 103 of the chamber 110, into the annular space 105 of the chamber 110 through
the upper sleeve device 132, back into the internal space 103 of the chamber 110 through the lower sleeve device 134,
out of the internal space 103 of the chamber 110 through the lower valve device 138, into the wellbore 102 below the
chamber 110, and back into the subterranean reservoir 107 via the perforations 157. The latter configuration of the fluid
control devices 132-144 may permit the reservoir fluid to be displaced from most of the internal space 103 of the chamber
110 and out of the annular space 105 of the chamber 110, with some reservoir fluid remaining within the internal space
103 of the chamber 110 between the upper sleeve device 132 and the lower sleeve device 134. Thereafter, the surface
controller 176 may output another multiple query string to the fluid control devices 132-144 to cause the upper sleeve
device 132 to close, the intermediate valve device 140 to open, and the lower sleeve device 134 to close. Such config-
uration of the fluid control devices 132-144 may permit the well kill fluid to flow through the entire internal space 103 of
the chamber 110, displacing the remaining reservoir fluid from the internal space 103 of the chamber 110 into the wellbore
102 below the chamber 110, and back into the subterranean reservoir 107 via the perforations 157. If the fluid control
devices 132-144 are already in positions indicated by the queries of the multiple query string, the queries of the multiple
query string may just confirm that the fluid control devices 132-144 are already in such positions.

[0060] FIG. 7 is a schematic view of atleast a portion of an example implementation of a processing device (or system)
200 according to one or more aspects of the present disclosure. The processing device 200 may be or form at least a
portion of one or more equipment controllers and/or other electronic devices shown in one or more of the FIGS. 1-6. For
example, the processing device 200 may be or form at least a portion of one or more of the surface controller 176, the
surface wireless communication device 154, the downhole wireless communication devices 150, and the control work-
station 174. Accordingly, the following description refers to FIGS. 1-7, collectively.

[0061] The processing device 200 may be or comprise, for example, one or more processors, controllers, special-
purpose computing devices, PCs (e.g., desktop, laptop, and/or tablet computers), personal digital assistants, smart-
phones, IPCs, PLCs, servers, internet appliances, and/or other types of computing devices. Although it is possible that
the entirety of the processing device 200 is implemented within one device, it is also contemplated that one or more
components or functions of the processing device 200 may be implemented across multiple devices, some or an entirety
of which may be at the wellsite and/or remote from the wellsite.

[0062] The processingdevice 200 may comprise a processor 212, such as a general-purpose programmable processor.
The processor 212 may comprise a local memory 214, and may execute machine-readable and executable program
code instructions 232 (i.e., computer program code) present in the local memory 214 and/or other memory device. The
processor 212 may be, comprise, or be implemented by one or more processors of various types suitable to the local
application environment, and may include one or more of general-purpose computers, special-purpose computers,
microprocessors, digital signal processors (DSPs), field-programmable gate arrays (FPGAs), application-specific inte-
grated circuits (ASICs), and processors based on a multi-core processor architecture, as non-limiting examples. Examples
of the processor 212 include one or more INTEL microprocessors, microcontrollers from the ARM and/or PICO families
of microcontrollers, embedded soft/hard processors in one or more FPGAs.

[0063] The processor212may execute,amongotherthings, the program code instructions 232 and/or other instructions
and/or programs to implement the example methods and/or operations described herein. For example, the program
code instructions 232, when executed by the processor 212 of the processing device 200, may cause the processor
212 to receive and process (e.g., compare, analyze, etc.) sensor data (e.g., sensor measurements). The program code
instructions 232, when executed by the processor 212 of the processing device 200, may also or instead output control
data (i.e., control commands) to cause one or more portions or pieces of the wellsite system 100 to perform the example
methods and/or operations described herein. The program code instructions 232, when executed by the processor 212
of the processing device 200, may also or instead output information indicative of an event (e.g., abnormal event), a
status (e.g., operational state, operational position, operational health, efc.), or a characteristic (e.g., size, length, height,
efc.) of an object (e.g., a tubular, a valve device), a piece of equipment, or otherwise forming a portion of the wellsite
system 100 to an output device (e.g., control workstation 174) for viewing by wellsite personnel.

[0064] The processor 212 may be in communication with a main memory 216, such as may include a volatile memory
218 and a non-volatile memory 220, perhaps via a bus 222 and/or other communication means. The volatile memory
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218 may be, comprise, or be implemented by random-access memory (RAM), static RAM (SRAM), dynamic RAM
(DRAM), synchronous DRAM (SDRAM), RAMBUS DRAM (RDRAM), and/or other types of RAM devices. The non-
volatile memory 220 may be, comprise, or be implemented by read-only memory, flash memory, and/or other types of
memory devices. One or more memory controllers (not shown) may control access to the volatile memory 218 and/or
non-volatile memory 220.

[0065] The processing device 200 may also comprise an interface circuit 224, which is in communication with the
processor 212, such as via the bus 222. The interface circuit 224 may be, comprise, or be implemented by various types
of standard interfaces, such as an Ethernetinterface, a universal serial bus (USB), a third generation input/output (3GIO)
interface, a wireless interface, a cellular interface, and/or a satellite interface, among others. The interface circuit 224
may comprise a graphics driver card. The interface circuit 224 may comprise a communication device, such as a modem
or network interface card to facilitate exchange of data with external computing devices via a network (e.g., Ethernet
connection, digital subscriber line (DSL), telephone line, coaxial cable, cellular telephone system, satellite, etc.).
[0066] The processing device 200 may be in communication with various sensors, video cameras, actuators, process-
ing devices, equipment controllers, and other devices of the wellsite system 100 via the interface circuit 224. The interface
circuit 224 can facilitate communications between the processing device 200 and one or more devices by utilizing one
or more communication protocols, such as an Ethernet-based network protocol (such as ProfiNET, OPC, OPC/UA,
Modbus TCP/IP, EtherCAT, UDP multicast, Siemens S7 communication, or the like), a proprietary communication
protocol, and/or other communication protocol.

[0067] One or more input devices 226 may also be connected to the interface circuit 224. The input devices 226 may
permit a human user to enter the program code instructions 232, which may be or comprise control data, operational
parameters, and/or operational set-points. The program code instructions 232 may further comprise modeling or pre-
dictive routines, equations, algorithms, processes, applications, and/or other programs operable to perform example
methods and/or operations described herein. The input devices 226 may be, comprise, or be implemented by a keyboard,
amouse, a joystick, a touchscreen, a track-pad, a trackball, an isopoint, and/or a voice recognition system, among other
examples. One or more output devices 228 may also be connected to the interface circuit 224. The output devices 228
may permit visualization or other sensory perception of various data, such as sensor data, status data, and/or other
example data. The output devices 228 may be, comprise, or be implemented by video output devices (e.g., a liquid
crystal display (LCD), a light-emitting diode (LED) display, a cathode ray tube (CRT) display, a touchscreen, etc.),
printers, and/or speakers, among other examples. The one or more input devices 226 and the one or more output devices
228 connected to the interface circuit 224 may, at least in part, facilitate the HMIs described herein.

[0068] The processing device 200 may comprise a mass storage device 230 for storing data and program code
instructions 232. The mass storage device 230 may be connected to the processor 212, such as via the bus 222. The
mass storage device 230 may be or comprise a tangible, non-transitory storage medium, such as a floppy disk drive, a
hard disk drive, acompact disk (CD) drive, and/or digital versatile disk (DVD) drive, among other examples. The processing
device 200 may be communicatively connected with an external storage medium 234 via the interface circuit 224. The
external storage medium 234 may be or comprise a removable storage medium (e.g., a CD or DVD), such as may be
operable to store data and program code instructions 232.

[0069] As described above, the program code instructions 232 may be stored in the mass storage device 230, the
main memory 216, the local memory 214, and/or the removable storage medium 234. Thus, the processing device 200
may be implemented in accordance with hardware (perhaps implemented in one or more chips including an integrated
circuit, such as an ASIC), or may be implemented as software or firmware for execution by the processor 212. In the
case of firmware or software, the implementation may be provided as a computer program product including a non-
transitory, computer-readable medium or storage structure embodying computer program code instructions 232 (i.e.,
software or firmware) thereon for execution by the processor 212. The program code instructions 232 may include
program instructions or computer program code that, when executed by the processor 212, may perform and/or cause
performance of example methods, processes, and/or operations described herein.

[0070] The presentdisclosure is further directed to example methods (e.g., operations and/or processes) of controlling
surface and downhole equipment to perform a closed-chamber well test for determining properties of a subterranean
reservoir. The methods may be performed by utilizing (or otherwise in conjunction with) at least a portion of one or more
implementations of one or more instances of the apparatus shown in one or more of FIGS. 1-7, and/or otherwise within
the scope of the present disclosure. The methods may be caused to be performed, at least partially, by a processing
device (e.g., the processing device 200, the surface controller 176, the surface wireless communication device 154,
efc.) executing computer program code according to one or more aspects of the present disclosure. Thus, the present
disclosure is also directed to a non-transitory, computer-readable medium comprising computer program code that,
when executed by the controller, may cause such controller to perform the example methods described herein. The
methods may also or instead be caused to be performed, at least partially, by a human user (e.g., human wellsite
personnel) utilizing one or more instances of the apparatus shown in one or more of FIGS. 1-7, and/or otherwise within
the scope of the present disclosure. Thus, the following description of example methods refer to apparatus shown in
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one ormore of FIGS. 1-7. However, the methods may also be performed in conjunction with implementations of apparatus
other than those depicted in FIGS. 1-7 that are also within the scope of the present disclosure.

[0071] Anexample method according to one or more aspects of the present disclosure may comprise causing a surface
controller 176, 154 (or control system) to output a multiple query string to downhole fluid control devices 132-144 and/or
downhole sensors 145-149 via wireless communication devices 150 disposed in association with a downhole tubular
string 130. The multiple query string may comprise a plurality of queries, each addressed to a corresponding instance
of the downhole fluid control devices 132-144 and/or the downhole sensors 145-149. The queries may cause the cor-
responding downhole fluid control devices 132-144 and/or the downhole sensors 145-149 to collectively perform at least
a portion of a closed-chamber well test for determining properties of a subterranean reservoir 107.

[0072] The downhole fluid control devices 132-144 may be disposed in association with the downhole tubular string
130. The queries may cause the downhole fluid control devices 132-144 to form a chamber 110 configured to receive
reservoir fluid from the subterranean reservoir 107. The downhole sensors 145-149 may output sensor data indicative
of properties of the reservoir fluid.

[0073] The wireless communication devices 150 may receive and relay the query string in the form of a wireless signal
to the downhole fluid control devices 132-144 and/or the downhole sensors 145-149. Each wireless communication
device 150 may communicate with one or more of other wireless communication devices 150, the downhole fluid control
devices 132-144, and the downhole sensors 145-149 via acoustic signals. Each wireless communication device 150
may transmit an instance of the queries to a corresponding instance of the downhole fluid control devices 132-144 and/or
the downhole sensors 145-149, receive response data output by the corresponding instance of the downhole fluid control
devices 132-144 and/or the downhole sensors 145-149, save the response data to the multiple query string, and transmit
the multiple query string to a subsequent instance of the wireless communication device 150.

[0074] An example computer program code (e.g., an algorithm) according to one or more aspects of the present
disclosure that may cause the surface controller 176 to cause the performance of a clean-up mode of a closed-chamber
well test is set forth below as Algorithm 1.

Algorithm 1
Running in hole finished?
If yes, then:
Create a multiple query string for downhole equipment (*);
Create a multiple query string requesting the status of downhole
equipment (*);
Store results in [A];
Create a multiple query string for pressure data: sensors 1 (top) (annulus,
tubing), sensors 2 (bottom) (annulus, tubing), and sensors 3 (middle)
(annulus, tubing);
Store results in [B];
If [B] confirms [A], then:
Ready for nitrogen displacement and monitor nitrogen level until level
reaches depth of packer 1;

Else:
Restart the process and notify the surface equipment;
End.
(*) is list of downhole equipment and tasks (in order): unset packer 1 (top), set

packer 2 (bottom), wait 30 seconds, close valve device 2 (bottom), open valve
device 3 (middle), open valve device 1 (top), wait 30 seconds, open sleeve
device 2 (bottom), and close sleeve device 1 (top).

[0075] An example computer program code according to one or more aspects of the present disclosure that may
cause the surface controller 176 to cause the performance of a build-up mode of a closed-chamber well test is set forth
below as Algorithm 2.

Algorithm 2

Perforation finished?

If yes, then:
Create a multiple query string for downhole equipment (**);
Create a multiple query string requesting status of the downhole

equipment (**);

If valve device 2 is closed and pressure starts building-up, then:
Start streaming sensor data to the surface equipment;

Else:
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Restart the process and notify the surface equipment;
End.
(**) is list of downhole equipment and tasks (in order): set packer 1, close valve
device 1, close valve device 2, open sleeve device 1 and 2, wait 30 seconds,
set acquisition rate for sensors 3 (tubing) to {a} seconds (during {b} minutes),
{c} seconds (during {d} minutes), and {e} seconds (during {f} minutes).

[0076] An example computer program code according to one or more aspects of the present disclosure that may
cause the surface controller 176 to cause the performance of a flow mode of a closed-chamber well test is set forth

below as Algorithm 3.

Algorithm 3
Build-up finished?
If yes, then:
List of k choke sizes list choke[k] and flow period[k];
Create a multiple query string for downhole equipment (***)
Create a multiple query string requesting status of the downhole
equipment (***);
Store results in [A];
Create a multiple query string for pressure data: sensor 1 (annulus,
tubing), sensor 2 (annulus, tubing), and sensor 3 (annulus, tubing);
Store results in [B];
If A is not confirmed by B, then:
Restart the process and notify the surface equipment;

Else:
i=1;
wait flow period flow period[l];
while (i <= k):
Send a query to the downhole choke, set choke to list chokel[i];
Wait flow period flow period[i];
If flow period[i] requires a fluid sample, then:
Trigger a sampler to take fluid sample j (j<= 1i);
Increment i = i+1;
Loop;
End;
End.

(***) 1is list of downhole equipment and tasks (in order): change acquisition rate
for sensor 3 (tubing) to standard rate, set downhole choke to list choke[l],
wait 30 seconds, close valve devices 1 and 3, open sleeve devices 1 and 2,
open valve device 2.

[0077] An example computer program code according to one or more aspects of the present disclosure that may
cause the surface controller 176 to cause the performance of a well kill mode, after finishing a closed-chamber well test

is set forth below as Algorithm 4.

Algorithm 4
Well test finished?
If yes, then:
Create a multiple query string for downhole equipment (****)
Create a multiple query string requesting status of the downhole
equipment (****);
Store results in [A];
Create a multiple query string for pressure data: sensor 1 (annulus,
tubing), sensor 2 (annulus, tubing), and sensor 3 (annulus, tubing);
Store results in [B];
If [A] confirms [B], then:
Start bullheading and killing the well;
Else:
Restart the process and notify the surface equipment;
End.
(****) List of downhole equipment and tasks (in order): open valve device 2, wait
30 seconds, open valve device 1, wait 30 seconds, close valve device 3, open
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sleeve devices 1 and 2; after flushing the annulus open valve device 3 and
close sleeve device 1.

[0078] A well test according to one or more aspects of the present disclosure, including the algorithms 1-4, may be
initiated after the tubular string 130 with the wireless communication devices 150 and the BHA comprising the fluid
control devices 132-144, the sensors 145-149, the perforating gun 146, the choke, and/or the fluid sampler is deployed
within the wellbore 102.

[0079] The well test may be initiated by activating the clean-up mode (e.g., as described above in Algorithm 1) to fill
the chamber with gas (or form the chamber) to prepare for or otherwise before perforation operations. Wellsite personnel
may use the control workstation 174 to cause the surface controller 176 to output a multiple query string or other control
command to the perforating gun 146 via the wireless communication devices 150, 154 to cause the perforating gun 146
to fire. Pressure and/or temperature sensors 149 may then confirm that the perforations 157 have been formed. There-
after, the surface controller 176 may launch an automatic process to continue the well test.

[0080] Forexample, the surface controller 176 executing a computer program code according to one or more aspects
of the present disclosure may output a script (e.g., an XML script) containing a well test algorithm (i.e., a plurality of
control commands) for performing the well test. The algorithm may comprise operational parameters of the various
modes of the well test, such as downhole equipment settings and durations. The surface wireless communication device
154 may receive the algorithm and acknowledge its reception to the surface controller 176. The surface wireless com-
munication device 154 may then execute the algorithm. Thus, the surface controller 176 and the surface wireless
communication device 154 may collectively be or form a surface controller (or control system) operable to cause the
surface and downhole equipment 120, 122 to perform the well test. An example well test algorithm is set forth below as
Algorithm 5.

Algorithm 5
<Program Name="Dual-Zone DST">
<Flow Type="Clean Up">
<Flow>
<Choke size="1/3" period=" 1500" PeriodUnit="Minutes"/>
<Choke size="2/3" period="1000" PeriodUnit="Minutes"/>
</Flow>
<BuildUp Type="Main Build-Up">
<Period period=" 1200" TimeUnit="Minutes">
<Rate value="1" RateUnit="Seconds" period="120"
PeriodUnit="Minutes"/>
<Rate value="1" RateUnit ="Seconds" period="360"
PeriodUnit="Minutes"/>
<Rate value="1" RateUnit="Seconds" period="720"
PeriodUnit="Minutes"/>

</Period>
<Choke size="2/3" period="1000" TimeUnit="Minutes"/>
<BuildUp >
<Flow Type="Main Flow">
<Flow>

<Choke size="5/8" period="2400" PeriodUnit="Minutes"/>
<Choke size="1/2" period="500" PeriodUnit="Minutes"/>
</Flow>
</Program>

[0081] Based on the type of period set in a well test algorithm, the surface wireless communication device 154 may
translate the well test algorithm into one of the modes of the well test, as described in the Algorithms 1-4, and generate
a multiple query string to actuate the corresponding downhole equipment 122. When the corresponding downhole
equipment 122 is operating during a given mode of the well test, the surface wireless communication device 154 may
start to query pressure and/or temperature data from the downhole sensors 145-149 as directed in the multiple query
strings. The surface wireless communication device 154 may store the pressure and/or temperature data and periodically
(e.g., every 15 minutes) transmit the pressure and/or temperature data to the surface controller 176 for display on the
control workstation 174 and real-time interpretation. During automated performance of the well test, wellsite personnel
can interrupt the algorithms being executed and cause the surface controller 176 to output control commands via the
wireless communication devices 150, 154 to an intended instance of the downhole equipment 122. The interruption may
be used for verification, program changes, and/or troubleshooting. The interruption can be instantaneous, without inter-
rupting the well test algorithm that is being executed, or permanent, cancelling or otherwise interrupting the well test
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algorithm that is being executed.

[0082] In view of the entirety of the present disclosure, including the claims and the figures, a person having ordinary
skill in the art will readily recognize that the present disclosure introduces a system comprising: a tubular string disposed
within a wellbore; a plurality of fluid control devices disposed in association with the tubular string and operable to form
a downhole chamber configured to receive reservoir fluid from a subterranean reservoir; a plurality of sensors disposed
within the wellbore and operable to output sensor data indicative of properties of the reservoir fluid; a plurality of wireless
communication devices disposed within the wellbore and operable to communicate with each other, the fluid control
devices, and the sensors; and a controller disposed at a wellsite surface. The controller is operable to output a multiple
query string for transmission to the fluid control devices and/or the sensors via the wireless communication devices. The
multiple query string comprises a plurality of queries each addressed to a corresponding instance of: the fluid control
devices; and/or the sensors. The queries are operable to cause the corresponding fluid control devices and/or sensors
to collectively perform at least a portion of a closed-chamber well test for determining properties of the subterranean
reservoir.

[0083] The wireless communication devices may be operable to receive and relay the query string to the fluid control
devices and/or the sensors in the form of a wireless signal.

[0084] The wireless communication devices may be or comprise acoustic repeaters each operable to communicate
via acoustic signals with one or more of: other wireless communication devices; the fluid control devices; and the sensors.
[0085] Each wireless communication device may be operable to: transmit an instance of the queries to a corresponding
instance of the fluid control devices and/or the sensors; receive response data output by the corresponding instance of
the fluid control devices and/or the sensors; save the response data to the multiple query string; and transmit the multiple
query string to a subsequent instance of the wireless communication devices.

[0086] Each query may be or comprise a control command addressed to a corresponding instance of the fluid control
devices; each control command may be operable to cause the corresponding fluid control device to operate in a prede-
termined manner; and each wireless communication device may be operable to transmit an instance of the control
commands to the corresponding fluid control device.

[0087] Each query may be or comprise a sensor data request addressed to a corresponding instance of the sensors;
each sensor data request may be operable to cause the corresponding sensor to output a corresponding sensor data;
and each wireless communication device may be operable to transmit an instance of the sensor data requests to the
corresponding sensor, receive the sensor data from the corresponding sensor, save the sensor data to the multiple
query string, and transmitthe multiple sensor data string to a subsequentinstance of the wireless communication devices.
[0088] The sensors may comprise one or more of: a flow rate sensor operable to output sensor data indicative of flow
rate of the reservoir fluid flowing into the downhole chamber; and a pressure sensor operable to output sensor data
indicative of pressure of the reservoir fluid flowing into the downhole chamber.

[0089] In at least some implementations: (A) an inner surface of the tubular string defines an internal space of the
tubular string; (B) an outer surface of the tubular string and an inner surface of the wellbore define an annular space;
(C) the tubular string comprises: (1) an upper sleeve device for selectively controlling fluid flow between the internal
space and the annular space; (2) an upper valve device for selectively controlling fluid flow within the internal space; (3)
a lower sleeve device for selectively controlling fluid flow between the internal space and the annular space; and (4) a
lower valve device for selectively controlling fluid flow within the internal space; (D) the downhole equipment comprises:
(1) an upper packer for selectively controlling fluid flow within the annular space; and (2) a lower packer for preventing
fluid flow within the annular space; (E) the downhole chamber comprises: (1) the internal space between the upper valve
device and the lower valve device; and (2) the annular space between the upper packer and the lower packer; and (F)
the downhole chamber is configured to facilitate the closed-chamber well test. In some implementations: (A) the system
comprises a gas source; (B) after the queries are received by the corresponding fluid control devices and/or sensors,
the gas source is operable to inject a gas through the tubular string into the downhole chamber to displace a wellbore
fluid out of the downhole chamber; and (C) the queries are operable to cause: (1) the upper packer to open to permit
flow of the wellbore fluid upward out of the downhole chamber; and (2) the upper valve device to open to permit flow of
the gas downward into the downhole chamber. In some implementations: (A) the system comprises a perforating gun;
(B) the sensors comprise a pressure sensor operable to output pressure data indicative of fluid pressure below the
downhole chamber; (C) after the queries are received by the corresponding fluid control devices and/or sensors, the
perforating gun is operable to perforate the wellbore to cause the reservoir fluid to flow out of the subterranean reservoir
into the wellbore below the downhole chamber; and (D) the queries are operable to cause: (1) the lower valve device
to close to prevent flow of the reservoir fluid upward into the downhole chamber; and (2) the pressure sensor to output
the pressure data. In some implementations: (A) the system comprises a perforating gun; (B) the sensors comprise a
pressure sensor operable to output pressure data indicative of fluid pressure within the downhole chamber; (C) after the
perforating gun is operated to perforate the wellbore to cause the reservoir fluid to flow out of the subterranean reservoir
into the wellbore below the downhole chamber, the controller is operable to output the multiple query string; and (D) the
queries are operable to cause: (1) the lower valve device to open to permit flow of the reservoir fluid upward into the
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downhole chamber; and (2) the pressure sensor to output the pressure data. In some implementations: (A) the system
comprises a well kill fluid source; (B) the tubular string comprises an intermediate valve device between the upper valve
device and the lower valve device for selectively controlling fluid flow within the internal space; (C) after the closed-
chamber well test is performed, the controller is operable to output the multiple query string; (D) after the queries are
received by the corresponding fluid control devices and/or sensors, the well kill fluid source is operable to inject a well
killing fluid through the tubular string into the downhole chamber to displace the reservoir fluid out of the downhole
chamber; and (E) the queries are operable to cause: (1) the upper valve device to open to permit flow of the well kill
fluid downward into the downhole chamber; and (2) the lower valve device to open to permit flow of the well kill fluid
downward out of the downhole chamber.

[0090] The present disclosure also introduces a system comprising: a tubular string disposed within a wellbore; a
plurality of fluid control devices disposed in association with the tubular string and operable to form a downhole chamber
configured to receive reservoir fluid from a subterranean reservoir; a plurality of sensors disposed within the wellbore
and operable to output sensor data indicative of properties of the reservoir fluid; a plurality of acoustic communication
devices disposed within the wellbore and operable to communicate with each other, the fluid control devices, and the
sensors; and a controller disposed at a wellsite surface. The controller is operable to output a multiple query string for
transmission to the fluid control devices and/or the sensors via the acoustic communication devices. The multiple query
string comprises a plurality of queries each addressed to a corresponding instance of: the fluid control devices; and/or
the sensors. The queries are operable to cause the corresponding fluid control devices and/or sensors to collectively
perform at least a portion of a closed-chamber well test for determining properties of the subterranean reservoir. Each
acoustic communication device is operable to: transmit an instance of the queries to the corresponding fluid control
device and/or sensor; receive response data output by the corresponding fluid control device and/or sensor; save the
response data to the multiple query string; and transmit the multiple query string to a subsequent instance of the acoustic
communication devices.

[0091] In at least some implementations: (A) an inner surface of the tubular string defines an internal space of the
tubular string; (B) an outer surface of the tubular string and an inner surface of the wellbore define an annular space;
(C) the tubular string comprises: (1) an upper sleeve device for selectively controlling fluid flow between the internal
space and the annular space; (2) an upper valve device for selectively controlling fluid flow within the internal space; (3)
a lower sleeve device for selectively controlling fluid flow between the internal space and the annular space; and. (4) a
lower valve device for selectively controlling fluid flow within the internal space; (D) the downhole equipment comprises:
(1) an upper packer for selectively controlling fluid flow within the annular space; and (2) a lower packer for preventing
fluid flow within the annular space; (E) the downhole chamber comprises: (1) the internal space between the upper valve
device and the lower valve device; and (2) the annular space between the upper packer and the lower packer; and (f)
the downhole chamber is configured to facilitate the closed-chamber well test.

[0092] The present disclosure also introduces a method comprising causing a surface controller to output a multiple
query string to downhole fluid control devices and/or downhole sensors via wireless communication devices disposed
in association with a downhole tubular string, wherein: the multiple query string comprises a plurality of queries each
addressed to a corresponding instance of the downhole fluid control devices and/or the downhole sensors; and the
queries cause the corresponding downhole fluid control devices and/or downhole sensors to collectively perform at least
a portion of a closed-chamber well test for determining properties of a subterranean reservoir.

[0093] The downhole fluid control devices may be disposed in association with the downhole tubular string, and the
queries may cause the downhole fluid control devices to form a downhole chamber configured to receive reservoir fluid
from the subterranean reservoir. The downhole sensors may output sensor data indicative of properties of the reservoir
fluid.

[0094] The wireless communication devices may receive and relay the query string to the downhole fluid control
devices and/or downhole sensors in the form of a wireless signal.

[0095] The wireless communication devices may communicate via acoustic signals with one or more of: other wireless
communication devices; the downhole fluid control devices; and the downhole sensors.

[0096] Each wireless communication device may: transmit an instance of the queries to the corresponding downhole
fluid control device and/or downhole sensors; receive response data output by the corresponding downhole fluid control
device and/or downhole sensor; save the response data to the multiple query string; and transmit the multiple query
string to a subsequent instance of the wireless communication devices.

[0097] The foregoing outlines features of several embodiments so that a person having ordinary skill in the art may
better understand the aspects of the present disclosure. A person having ordinary skill in the art should appreciate that
they may readily use the present disclosure as a basis for designing or modifying other processes and structures for
carrying out the same purposes and/or achieving the same advantages of the embodiments introduced herein. A person
having ordinary skill in the art should also realize that such equivalent constructions do not depart from the scope of the
present disclosure, and that they may make various changes, substitutions and alterations herein without departing from
the scope of the present disclosure.
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[0098] The abstract at the end of this disclosure is provided to permit the reader to quickly ascertain the nature of the
technical disclosure. It is submitted with the understanding that it will not be used to interpret or limit the scope or meaning
of the claims.

Claims
1. A system comprising:

a tubular string (130) disposed within a wellbore (102);

a plurality of fluid control devices (132 - 144) disposed in association with the tubular string (130) and operable
to form a downhole chamber (110) configured to receive reservoir fluid from a subterranean reservoir (107);
a plurality of sensors (145 - 149)disposed within the wellbore (102) and operable to output sensor data indicative
of properties of the reservoir fluid;

a plurality of wireless communication devices (150; 154) disposed within the wellbore (102) and operable to
communicate with each other, the fluid control devices (132 - 144), and the sensors (145 -149); and

a controller (176) disposed at a wellsite surface, wherein:

the controller (176) is operable to output a multiple query string for transmission to the fluid control devices
(132 - 144) and/or the sensors (145 - 149)via the wireless communication devices (150; 154);
the multiple query string comprises a plurality of queries each addressed to a corresponding instance of:

the fluid control devices (132 - 144); and/or
the sensors (145-149); and

the queries are operable to cause the corresponding fluid control devices and/or sensors to collectively
perform at least a portion of a closed-chamber well test for determining properties of the subterranean
reservoir (107).

2. The system of claim 1 wherein the wireless communication devices (150; 154) are or comprise
acoustic repeaters each operable to communicate via acoustic signals with one or more of:

other wireless communication devices;
the fluid control devices (132- 144); and
the sensors (145-149).

3. The system of claim 1 wherein each wireless communication device (150; 154) is operable to:
transmit an instance of the queries to a corresponding instance of:

the fluid control devices (132 - 144); and/or
the sensors (145 - 149);

receive response data output by the corresponding instance of the fluid control devices and/or the sensors;
save the response data to the multiple query string; and
transmit the multiple query string to a subsequent instance of the wireless communication devices.

4. The system of claim 1 wherein:

each instance of the queries is or comprises a control command addressed to a corresponding instance of the
fluid control devices;

each control command is operable to cause the corresponding fluid control device to operate in a predetermined
manner; and

each wireless communication device is operable to transmit an instance of the control commands to the corre-
sponding fluid control device.

5. The system of claim 1 wherein:
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each instance of the queries is or comprises a sensor data request addressed to a corresponding instance of
the sensors (145 - 149);

each sensor data request is operable to cause the corresponding sensor to output a corresponding sensor data;
and

each wireless communication device (150; 154) is operable to:

transmit an instance of the sensor data requests to the corresponding sensor;

receive the sensor data from the corresponding sensor;

save the sensor data to the multiple query string; and

transmit the multiple query string to a subsequent instance of the wireless communication devices.

6. The system of claim 1 wherein the sensors (145 - 149) comprise one or more of:

a flow rate sensor operable to output sensor data indicative of flow rate of the reservoir fluid flowing into the
downhole chamber; and

a pressure sensor operable to output sensor data indicative of pressure of the reservoir fluid flowing into the
downhole chamber.

The system of claim 1 wherein:

an inner surface of the tubular string (130) defines an internal space of the tubular string (103);
an outer surface of the tubular string (130) and an inner surface of the wellbore define an annular space (105);
the tubular string comprises:

an upper sleeve device (132) for selectively controlling fluid flow between the internal space and the annular
space;

an upper valve device (136) for selectively controlling fluid flow within the internal space;

alower sleeve device (134) for selectively controlling fluid flow between the internal space and the annular
space; and

a lower valve device (138) for selectively controlling fluid flow within the internal space;

the downhole equipment (122) comprises:

an upper packer (142) for selectively controlling fluid flow within the annular space; and
a lower packer (144) for preventing fluid flow within the annular space;

the downhole chamber comprises:

the internal space between the upper valve device and the lower valve device; and
the annular space between the upper packer and the lower packer; and

the downhole chamber is configured to facilitate the closed-chamber well test.

8. The system of claim 7 wherein:

the system further comprises a gas source;

after the queries are received by the corresponding fluid control devices and/or sensors, the gas source is
operable to inject a gas through the tubular string into the downhole chamber to displace a wellbore fluid out of
the downhole chamber; and

the queries are operable to cause:

the upper packer (142) to open to permit flow of the wellbore fluid upward out of the downhole chamber; and
the upper valve device (136) to open to permit flow of the gas downward into the downhole chamber.

9. The system of claim 7 wherein:

the system further comprises a perforating gun (146);
the sensors comprise a pressure sensor operable to output pressure data indicative of fluid pressure below the
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downhole chamber;

after the queries are received by the corresponding fluid control devices and/or sensors, the perforating gun is
operable to perforate the wellbore to cause the reservoir fluid to flow out of the subterranean reservoir into the
wellbore below the downhole chamber; and

the queries are operable to cause:

the lower valve device (138) to close to prevent flow of the reservoir fluid upward into the downhole chamber;
and
the pressure sensor to output the pressure data.

10. The system of claim 7 wherein:

the system further comprises a perforating gun (146);

the sensors comprise a pressure sensor operable to output pressure data indicative of fluid pressure within the
downhole chamber;

after the perforating gun is operated to perforate the wellbore to cause the reservoir fluid to flow out of the
subterranean reservoir into the wellbore below the downhole chamber, the controller is operable to output the
multiple query string; and

the queries are operable to cause:

the lower valve device to open to permit flow of the reservoir fluid upward into the downhole chamber; and
the pressure sensor to output the pressure data.

11. The system of claim 7 wherein:

the system further comprises a well kill fluid source (160);

the tubular string further comprises an intermediate valve device (140) between the upper valve device (136)
and the lower valve device (138) for selectively controlling fluid flow within the internal space;

after the closed-chamber well test is performed, the controller is operable to output the multiple query string;
after the queries are received by the corresponding fluid control devices and/or sensors, the well kill fluid source
is operable to inject a well killing fluid through the tubular string into the downhole chamber to displace the
reservoir fluid out of the downhole chamber; and

the queries are operable to cause:

the upper valve device (136) to open to permit flow of the well kill fluid downward into the downhole chamber;
and
the lower valve device (138) to open to permit flow of the well kill fluid downward out of the downhole chamber.

12. A method comprising:
causing a surface controller (176) to output a multiple query string to downhole fluid control devices (132 - 144)
and/or downhole sensors (145- 149) via wireless communication devices disposed in association with a downhole
tubular string (130), wherein:

the multiple query string comprises a plurality of queries each addressed to a corresponding instance of:

the downhole fluid control devices; and/or
the downhole sensors; and

the queries cause the corresponding downhole fluid control devices and/or downhole sensors to collectively
perform at least a portion of a closed-chamber well test for determining properties of a subterranean reservoir
(107)

13. The method of claim 12 wherein:
the downhole fluid control devices (132 - 144) are disposed in association with the downhole tubular string;
the queries cause the downhole fluid control devices to form a downhole chamber configured to receive reservoir

fluid from the subterranean reservoir; and
the downhole sensors (145- 149) output sensor data indicative of properties of the reservoir fluid.
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14. The method of claim 12 wherein the wireless communication devices (150; 154) receive and relay the query string
to the downhole fluid control devices and/or downhole sensors in the form of a wireless signal.

15. The method of claim 12 wherein each wireless communication device (150; 154):

transmits an instance of the queries to the corresponding downhole fluid control device (132 - 144) and/or
downhole sensors (145 - 149);

receives response data output by the corresponding downhole fluid control device and/or downhole sensor;
saves the response data to the multiple query string; and

transmits the multiple query string to a subsequent instance of the wireless communication devices (150; 154).
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