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MONITORING FLUID CHARACTERISTICS DOWNHOLE

Technical Ficld
[6001] The present disclosure relates gencrally to devices for use in a wellbore. More
specifically, but not by way of limitation, this disclosure relates to monitoring fhud

characteristics downhole.

Background

[00G02] A well system can include a wellbore drilled through a subterrancan formation
for extracting a target fluid {¢.g., il or gas) from the subterrancan formation. Production tubing
and well tools can be installed in the wellbore to enable the target flnd to be produced from
the subterrancan formation.

[0003] One example of a well tool typically installed in a wellbore is a sand control
device. The sand control device can be positioned between the subterrancan formation and the
production tubing. The sand control device can include a sand screen for filtering sand (and
other solid particles) from the target fluid, before the target fluid eoters the production tabing.
A gravel pack can also be positioned between the subterrancan formation and the sand control
device, so that the target fluid travels through both the gravel pack and the sand control device,
mnproving sanding filtration.

[0004] Sand control devices can be damaged due to high stress, erosion, and other
factors. For example, a sand screen can graduallv wear over time due to repeated impacts from
sand and rocks. The damage can reduce the effectiveness of the sand control device, resulting
i undesirable concentrations of sand remaming in the target fluid as it enters the production
tubing. The sand can damage the production tubing, reduce the quality of the target fhud
produced from the wellbore, and present a variety of other problems that can be expensmive,

time consuming, and challenging to remedy.

Bref Description of the Drawings

[0005] FIG. 1 15 a cross-sectional side view of an example of a well system according
to some aspects.

[0006] FIG. 2 is a graph of an example of a comparison between an acoustic signature
of a fluid without sand and acoustic signatures of the fluid with sand according to some aspects.

(0607} FIG. 3 1s a graph of an example of a comparison between a motion signature of
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a fluid without sand and motion signatures of the fluid with sand according to some aspects.
[G008] FIG. 4 1s a block diagram of an example of a system for monitoring flnd
characteristics downhole according to some aspects.

(0009} FIG. 5 15 a flow chart of an example of a process for fluid charactenstics
downhole according to some aspects.

(0010} FIG. 6 is a cross-sectional side view of another example of a well system
according to some aspects.

0611} FIG. 715 a graph of an example of acoustic signatures obtained by a distributed
acoustic sensing {DAS) system according to some aspects.

[6012] F1G. § 13 a flow chart of an cxample of a process for monitoring fluid

charactenistics downhole according to some aspects.

Detailed Description

[0013] Certain aspects and features of the present disclosure relate to monitoring fluid
characteristics downhole using a well tool with an acoustic sensor, such as a hydrophone. The
acoustic sensor can detect acoustic emissions associated with the well fluid, such as acoustic
emissions generated by the well fluid tmpacting the acoustic sensor. The characteristics {e.g.,
amplitudes, frequencies, and phases) of the acoustic emissions can be related to vanous fluid
characteristics, such as the sand concentration in the well fluid, the flow velocity of the well
fluid, the volumetric flow rate of the well floid, and the viscosity of the well fhird. The acoustic
sensor can transmit sensor signals indicating the characteristics of the acoustic emissions to a
computing device. The computing device can receive the sensor signals and compare the
characteristics of the acoustic emissions 1o baseline values to determine a difference between
the two. The baschine values may have been previously obtained using the acoustic sengor
{c.g., when the well flurd had little or no sand). The difference between the charactenstics of
the acoustic emussions and the baseline values can indicate one or more of the flud
characteristics. After determining the one or more fluid characteristics, the computing device
can transmit a notification mdicating the one or more of the fluid characteristics to a well
operator. This can enable the well operator to take preventative or corrective action, if needed.
0014} In some examples, the well tool can include a motion sensor for measuring
displacement, velooity, acceleration, or any combination of these. Hxamples of the motion
sensor can include a displacoment sensor, a geopbone, or an accelerometer. The motion sensor
can detect motion generated by the well fluid impacting the well tool. The motion sensor can

transmit the characteristics of the motion to the computing device. The characteristics of the
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motion can also be related o the fluid characteristics of the well fluid. For example, vibration
amplitudes, phases, and frequencies can be proportional to the sand concentration, flow
velocity, and flow rate of the well fluid. The computing device can receive the characteristics
of the motion from the motion sensor and compare them to bascline values to determine a
difference between the two. For example, the computing device can receive vibration
amplitudes and compare them to bascline amplitudes to determine a difference between the
two. The baseline values may have been previously obtained using the motion sensor (¢.z.,
when the well fluid had httle or no sand). The difference between the characteristics of the
motion and the baseline values can indicate one or more fluid characteristics. In some
examples, the computing device can confurm that a flud-characteristic value (c.g., sand-
concentration level} determimed using the acoustic sensor is accurate if it is within a predefined
tolerance range (¢.g., 29%) of the fluid-characteristic value determined using the motion sensor,
or vice-versa. 'This can improve reliability. The motion sensor can also provide redundancy,
should the acoustic sensor fail.

[0G15] In some examples, the motion sensor is a three-axis accelerometer capable of
distinguishing vibrations along three perpendicular axes of motion: an X-axds, a Y-axis, and a
Z-axis. The compuiing device can use information from the three-axis accelerometer to
distingunish between motion from well fluid flowing m a direction perpendicular to the well
tool and motion from another fhud flowing in a direction parallel to the well tool. For example,
the well tool can be positioned in a production tubing in the wellbore. The computing device
can use information from the three-axis accelerometer to distinguish between (i) vibrations
from well fluid leaking through an orifice adjacent to the well tool and flowing in the direction
perpendicular to the well tool, and (i1} vibrations from production fluid flowing through the
production tubing in the direction parallel to the well tool from locations downhole. The
coraputing device can then filter out {(or ignore} the vibrations from the production flud in
order to determine the fluid characteristics of the well fluid leaking through the onfice. This
can enable the computing device to determine, for example, how much sand inflow 1s oocurring
at a specific Jocation 1o the wellbore, such as m a particular production-zone or at a particular
feak.

[0016] In some examples, the well tool can also be used to measure or denive the flow
rate of the well fhud flowing 1o the direction perpendicularly to the well tool. For example,
the well tool can include a flow rate sensor. Examples of the flow rate sensor can be an
accelerometer {e.g., smgle axis or multiple axis), a hydrophone, a mechanical spinner, a

magnetic spinngr, or an ultrasonic flow-rate tool. The flow rate sensor can ifransmif sensor
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signals mdicating the flow rate of the well fluid to the computing device. The computing device
can receive the mformation and determine whether the flow rate exceeds a predetermined
threshold, such as 5 meters per second (nv/s). If so, the computing device can transmit an alert
mdicating a potential problem. As a particular example, the well tool can be positioned
adjacent to leak m the production tubing. And the computing device can determine that there
1s little or no sand in the leaking fhud by analyzing the characteristics of acoustic emissions or
motion associated with the leaking fluid {e.g., as discussed above). So, the leak may not present
a significant probiem for the well operator, vet. But the flow rate sensor may indicate that the
leaking fluid is flowing at a high velocity, such as 10 m/s. Because this high velocity will
likely lead to a large amount of erosion, the leak will likely expand and have sand inflow in the
future. 5o, the computing device can wdentifv and preemptively wam the well operator of this
potential problem. This can enable the well operator to take preventative or corrective action.
[00G17] In some cases, the well tool may be more accurate if it is positioned near a
source of sand inflow {¢.g., a leak} in the wellbore. But it can be time consuming and difficult
1o determune the location of a sand-inflow source n the wellbore, since a welthore can be
thousands of meters long. Some examples of the present disclosure can overcome this issue
using a distributed acoustic sensing (PAS} system. The DAS system can inchude a fiber optic
cable running the length of the wellbore. The fiber optic cable can be interrogated to determine
the characteristics of acoustic emissions in varicus zones throughout the wellbore. The
characteristics of the acoustic emissions can be compared to baseline values to determine
differences between the two. The baseline values may have been previously obtained using
the DAS system {c.g., when the wellbore had hittle or no sand). Zones with differences
exeeeding a predefined threshold can be flagged as being potentially problematic (e.g., as zones
with potential sand-inflow).

[6018] By using the DAS svstem to identify potentiallv problematic zones in the
wellbore, the amount of time required to locate sand-inflow sources can be dramatically
reduced. However, because the DAS gystem is a distributed sensing system, it may not provide
the accuracy or resolution of a point source tool, such as an acoustic sensor or motion Sensor.
So, i some examples, atier identifying a potentially problematic zone using the DAS system,
the well tool can be used to perform a more specific analysis of well fluid in the zone. In this
manner, the DAS system can be used to mitially highlight zones of interest, and then the well
tool can used to perform point-source monitoring i a more officient manner that focuses on

the identified zones of interest.
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(0619} Some examples of the present disclosure can be usable to monitor sand flowing
through leaks {c.g., in sand screcns and other tubulars). Other examples can be usable to
mondtor sand in fluid flows m production {or “frac”) zones where the rock is fractured and
reservolr fluids are flowing through the fractures into the wellbore. In some such examples,
the sand may not be from erosion or corrosion, but may instead be from the wellbore itself
during production.

[6020] These illustrative examples are given to introduce the reader to the general
subject matter discussed here and are not intended to Himit the scope of the disclosed concepts.
The following scctions describe varicus additional features and examples with reference to the
drawings in which like numerals indicate like clements, and directional descriptions are used
to describe the lustrative aspects but, ke the dustrative aspects, should not be used to limit
the present disclosure.

[0021] FIG. 1 15 a cross-sectional side view of an example of a well system 100
according to some aspects. The well svstem 100 includes a wellbore 102 extending through a
hydrocarbon bearing subterrancan formation 104, The wellbore 102 can be vertical, deviated,
horizontal, or any combination of these. The wellbore 102 can melude a casing string 106, The
casing string 106 can provide a conduit through which well fluids, sach as prodoction fluids
produced from the subterrancan formation 104, can travel from the wellbore 102 to the well
surface 108.

[0022] The wellbore 102 can be divided into ong or more production zones, such as
production zone 114. The ends of each production zone can be defined by packers 116, which
can create fhud scals around the production zone. Fach production zone can include one or
more perforations 118 to enable a well thud to flow from the subterranean formation 104 into
atubular 110, such as a production string.

[(023] The tubular 110 can have apertures to enable well fluid to enter the tubular 110,
A sand control device 120, such as a sand scregen, can surround the apertures to himit sand
mflow into the tubudar 110, A gravel pack 122 can also be positioned between the sand control
device 120 and the casing string 106 to further limit sand inflow into the tubular 110

[0024] The sand control device 120 may become damaged over time due to the harsh
downhole conditions, thereby enabling higher concentrations of sand to enter the tubular 110,

The higher concentrations of sand can damage various components of the well system 100 and
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create other problems. So, it can be desirable to monitor the concentration of sand in the well
fluid to ideotify and nutigate any issues.

[6025] Sorae examples of the present disclosure include a well tool 124 for monitoring
fluid charactenistics downhole. The well tool 124 deploved i the wellbore 102 via a
convevance 126 (e.g., a wirchne, shickling, or coiled tube}. The convevance 126 can be guided
into the wellbore 102 using a guide 128 or winch.

[0(26] The well tool 124 can include sensors 130 configured to transmuf sensor signals
to a computing device 140 via a wired or wireless miterface. The computing device 140 can
receive the sensor signals and determine the fhind characteristics of the well fhind based on the
sensor signals. While the computing device 140 is positioned at the well surface 108 in FIG.
1, in other examples the computing device 140 can be posttioned m the well tool 124 or offsite.
(60271 The sensors 130 may include any number and combination of acoustic sensors,
such as microphones and or hydrophones. The acoustic sensor{s) can detect acoustic emissions
associated with a well fluid. The well fluid can be flowing in a direction perpendicular to the
well tool 124, as shown by dashed arrow 132, The acoustic emissions can be generated by the
well fluid impacting the well tool 124 (e.g., the acoustic sensor on the well tool 124} The
characteristics of the acoustic emissions can be related to the fhud charactenstics of the well
fluid. For example, as the amount of sand present in the well fluid mncreases, the amplitudes
and dominant frequencies of the acoustic emissions can also merease. And as the amount of
sand present in the well fluid decreases, the amplitudes and dominant frequencics of the
acoustic eraission can also decrease. An example of this phenomenon is shown in FIG. 2. In
FIG. 2, the power spectral density (PSD) of acoustic enussions resulting from pure water (no
sand} is shown by line 202. And the power spectral densities of acoustic emissions resulting
from well fluids having various combinations of water and sand are shown by lines 204a-c.
For example, bine 204a corresponds to a well fhuid having water and 1% sand. Line 204b
corresponds to a well fluid having water and 2% sand. Line 204¢ corresponds to a well fluid
having water and 3% sand. Ling 204d corresponds to a well fhud having water and 4% sand.
Line 204¢ corresponds to a well thuid having water and 5% sand. The differences between the
power spectral densities can be more pronounced at higher frequencies. For example, the
differences between line 202 and lines 204a-¢ are more pronounced between 60 kHz and 100
kHz, and can be even more evident at frequencics of 1 MHz or more.

[6028] In some examples, the computing device 140 can recetve the characteristics of
the acoustic emissions from the acoustic sensor{s} and use the charactenistics to form an

acoustic signature for the well fluid. The acoustic signature may include a distribution of
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magnitudes over a range of frequencies, for example, as shown by line 204a 1n FIG. 2. The
magnitudes can include the amphitudes of the acoustic emissions, power spectral densities
derived from the amplitudes of the acoustic cmissions, or other values derived from the
amplitudes of the acoustic emissions. The computing device 140 can also determine a baseline
acoustic-signature. The baseline acoustic-signature can be an acoustic signature derived from
the characteristics of acoustic emissions detected at a prior point in time {g.g., when the well
fluid had no sand). An example of the bascline acoustic-signature is shown by hne 202 n FIG.
2. The computing device 140 can compare the acoustic signature to the baseline acoustic-
signature to determine a difference between the two (¢.g., at a particular frequency, such as 65
kHz). Based on the ditference, the computing device 140 can determine that the well fluid has
certamn fhud charactenstics, such as a 2% concentration of sand.

[6029] The sensors 130 may additionally or alternatively mclude any number and
combination of motion s¢nsors, such as accelerometers or geophones. The motion sensor(s}
can detect motion associated with the well flind. The motion can be generated by the well fluid
mpacting the well tool 124 (¢.g., the motion sensor on the well tool 124). The motion can be
related to the fluid charactenstics of the well fluid, such as the concentration of sand in the well
fhud and the transverse flow-velocity of the sand flow. For example, as the amount of sand
present in the well fluid ncreases, the amplitudes and dominant frequencies of vibrations
detected by the motion sensor can alse increase. And as the amount of sand present in the well
fluid decreases, the amplitudes and dominant frequencies of the vibrations can also decrease.
An cxample of this phenomenon is shown in FIG. 3. In FIG. 3, the power spectral density of
vibrations resulting from pure water {no sand} is shown by line 302, And the power spectral
densities of vibrations resulting from well fluids having various combinations of water and
sand are shown by lines 304a-c. For example, line 304a corresponds to a well fluid having
water and 1% sand. Line 304b corresponds to a well fluid having water and 2% sand. Line
304c¢ corresponds to a well fluid having water and 3% sand. Line 304d corresponds to a well
fluid having water and 4% sand. Line 304¢ corresponds to a well fhud having water and 5%
sand. The differences between the power spectral densities can be more pronounced at mid-
range frequencies. For example, the differences between line 302 and hines 304a-¢ are more
proncunced between 15 kHz and 40 kHz.

[6030] In some examples, the computing device 140 can receive the characteristics of
the motion from the motion sensor{s) and use the characternistics of the motion to form a motion
signature for the well thud. A motion signature may include a distribution of magnitudes over

a range of frequencies, for example, as shown by line 304a 1n FIG. 3. The magnitudes can
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mclude the amplitudes of the motion {e.g., vibration amplitudes), power spectral densities
derived from the amplitudes of the motion, or other values derived from the amplitudes of the
motion. In some examples, the vibration sensor is a three-axis accelerometer. The computing
device 140 can use mformation from the three-axis accelerometer to distinguish between (1)
motion from well fluid flowing m a direction perpendicular to the well tool 124 {e.g., as shown
by dashed arrow 132}, and (i1} motion from another fluid flowing in a direction parailel to the
well tool 124 (c.g.. as shown by dashed arrow 134). The computing device 140 can then use
the characteristics of the motion resulting from the well fluid flowing in the direction
perpendicular to the well tool 124 to determine the motion signature. After determining the
maotion signature, the computing device 140 can compare the motion signature to a baschine
moton-signature to determine a difference between the two (e.g., at a particular frequency,
such as 25 kHz). The baseline motion-signature can be a motion signabire derived from the
characteristics of motion detected at a prior point in time, for example, as shown by line 302 in
FIG. 3. Based on the differcnce, the computing device 140 can determine that the well thuid
has certain fhnd characteristics, such as a 3% concentration of sand.

(0631} As mentioned above, in some examples the computing device 140 can
determine the concentration of sand in the well fluid based on the characteristics of the acoustic
emissions or motion detected by the sensors 130, But the characteristics of the acoustic
emissions and motion can depend on the fhud characteristics (e.g., the flow rate or viscosity)
of the well fluid. So, the computing device 140 may take the fhud characteristics of the well
fluid vto account in order to more accurately determine the concentration of sand m the well
fluid. For example, the computing device 140 can include a database with relationships
between (1) fluid characteristics of well fluids, and (31} baseline signatures (c.g., baseline
acoustic-signatures, baseline motion-signatures, or bothy The computing device 140 can
select, from the database, an appropriate baseline signature that corresponds to fluid
characteristics of the well fluid. The computing device 140 can then use this baseline signature
for comparison against an acoustic signahire, motion signature, or both, i order to determine
the concentration of sand in the well fluid. The computing device 140 can determine the thmd
characteristics of the well fluid as discussed below, m some examplies.

16032} The computing device 140 can determine the fluid characteristics of the well
fluid using one or more sensors, which can be included in the sensors 130 or separate from the
sensors 130 {e.g., positioned on another well tool). For cxample, the computing device 140
can determine fluid content, viscosity, or both of the well fliid using one or more sensors

configured to detect a pressure, volume, temperature, resistivity, fluid density, capacitance, or
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any combination of these, of the well fluid. The sensors can be positioned in the wellbore. The
computing device 140 can receive sensor signals from the sensors and determine the fhnd
characteristics of the well fluid based on the sensor signals. For example, the computing device
140 can receive sensor signals from a resistivity sensor indicating the resistivity of the well
fluid, and use the resistivity to determine a ratio of a fluid component {e.g., water} to another
fluid component {e.g., oil) i the well find. The computing device 140 can then use an
algorithm or a lookup table to determine the viscosity of the well fluid based on the ratio. The
lockup table can imclude relationships between fluid-component ratios and viscosities. As
another example, the computing device 140 can determing the flow rate of the well fluid using
a flow-rate sensor posttioned on the well tool 124 or another well tool. The flow-rate sensor
can be oriented to receive the well fluid flowing m the direction perpendicular to the well tool
124. The flow-rate sensor can fransmit sensor signals associated with the well fluid flowing in
the directed perpendicular to the well tool 124 to the computing device 140. The computing
device 140 can receive the sensor signals and determine the flow rate of the well fluid based
on the sensor signals.

[0033] The concentration of sand m the well fluid determined using the
abovementioned techniques may be a relative amount. For example, the computing device 140
may deternvine that a well fluid has 5% more sand than a well fluid used to create a baschne
signature. But without knowing how much sand was in the well fluid used to create the baseline
signature, it may be challenging to deternuine an absolute amount of sand present in the well
fluid. Some examples of the present disclosure can enable an absolute concentration of sand
m the well fluid to be determined.

[0034] For example, the absolute concentration of sand i a produoction fluid at the well
surface 108 can be determined {e.g.. using physical sampling of the production fhuid} Thus
can be referred 1o as the total concentration of sand in the production fluid, since 1t will include
all of the sand contributed by all of the sand inflow downhole. One example of the total
concentration of sand in the production fluid can be 5%. Also. a bascline signature can be
created using the production fluid at the well surtace 108, The computing device 140 can then
compare a signature {¢.g., an acoustic or motion signature) associated with a well fluid leaking
downhole to the bascline signature to determine a magnitade ratio between the two. For
example, the computing device 140 can determine that the signature has magnitudes that are
60% of the size of the magnitudes recorded from the total concentration of sand at the well
surface 108. Based on the magmitude ratio and the total concentration of sand in the production

fluid, the compuoting device 140 can determing an absclute concentration of sand in the well
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thad leaking downhole. For example, the computing device 140 can determine that the well
fhud leaking downhole has 3% sand (e.g., 60% of 5% total sand concentration = 3% sand).
[(035] In some examples, the well tool 124 can be positioned at one or more locations
m the wellbore 102 to detect one or more signal amplitudes (e.g., acoustic amplitudes or
vibration amplitudes) associated with background noise. These can be referred to as noise-
signal amplitudes. For example, the well tool 124 can be positioned uphole of the production
zone 114 for detecting amplitudes of acoustic emissions associated with background noise.
The computing device 140 can receive the noise-signal ampintudes and use them to improve
the signal-to-noise ratio {(SNR} associated with subsequent measurements. For example, the
computing device 140 can remove the noise-signal amplitudes from acoustic amplitudes
subsequently detected using an acoustic sensor to produce processed acoustic-amplitudes. The
processed acoustic-amplitudes may have better SNR charactenistics than the unprocessed
acoustic-amplitudes. As another example, the computing device 140 can remove the noise-
signal amplitudes from motion amplitudes {¢.g., vibration amplitudes) subsequently detected
using a motion sensor to produce processed motion-amphitudes. The processed motion-
amplitiides may have better SNR characteristics than the unprocessed motion-amplitudes.
[0036] F1G. 4 is a block diagram of an example of a system 400 for fluid characteristics
dowuhole according to some aspects. In some examples, the components of the svstem 400
can be integrated into a single structure, such as computing device 140. In other examples, the
components shown in FIG. 4 can be distnbuted {¢.g., in s¢parate housings) and 1n electrical
communication with cach other.

(0637} The system 400 can include a processing device 402, The processing device
4072 can execute instructions 406 stored in memory device 404 1o perform the operations. The
processing device 402 can include ong processing device or multiple processing devices., Non-
bmiting examples of the processing device 402 nclude a Field-Programmable Gate Array
(“FPGA™), an application-specific integrated circuit (“ASIC™), a microprocessor, ete.

[0038] The processing device 402 can be communicatively coupled to the memory
device 404 via a bus. The memory device 404 can be non-volatile and inchude any tvpe of
memory that retains stored information when powered off. Non-limiting examples of the
memory device 404 include electrically erasable and programmable read-only memory
{("EEPROM?), flash memory, or any other type of non-volatile memory. In some examples,
the memory device 404 can include a medium from which the processing device 402 can read
the mstructions 406, A computer-readable medium can mclude electronic, optical, magnetic,

or other storage devices capable of providing the processing device 402 with computer-
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readable mstructions or other program code. Non-limiting examples of a computer-readable
medium include (but are not limited to} magnetic disk(s), memory chip(s), ROM, random-
access memory (“RAM”), an ASIC, a configured processor, optical storage, or anv other
medium from which a computer processor can read instructions 406. The instructions 406 can
mclade processor-specific matructions generated by a compiler or an interpreter from code
written in any suitable computer-programming language, including, for example. C, C++, C#,
cte.

[6039] The processing device 402 can also be communicatively coupled to a
communication device 408, The commumication device 408 can represent one or more of any
coraponents that facilitate a network connection. The communication device 408 can mclude
wireless interfaces such as IEEE 802,11, Bluctooth, or radio interfaces for accessing celiular
telephone networks {¢.g., transeeiver/antenna for accessing a CDMA, GSM, UMTS, or other
mobile communications network). In some examples, the communication device 408 can use
acoustic waves, mud pulses, suwrface waves, vibrations, optical waves, or induction {(e.g.,
magnetic induction) for engaging in wireless communications. In other examples, the
communication device 408 can include wired interfaces such as Ethernet, USB, IEEE 1394, or
a fiber optic interface.

[6040] The processing device 402 can further be communicatively coupled to onc or
more sensors 130, Examples of the sensors 130 can include an acoustic sensor, a motion
sensor, or both. The sensors 130 can transmit sensor signals to the processing device 402 for
monitoring fluid characteristics of a well fhud.

[6041] In some examples, the processing device 402 can implement some or all of the
steps shown i FIG. 5. In other examples, the processing device 402 can implement more
steps, fower steps, different steps, or a different combination of the steps shown in FIG 5. The
steps below are discussed with reference to the components discussed above with respect to
FIG. 4.

16042} In block 502, the processing device 402 receives sensor signals from a sensor
130 positioned on a well tool 124. The sensor signals can indicate one or more characteristics
{c.g., an amplitude, frequency, phase, or any combination of these) of an acoustic emission or
motion generated by a well thud.  For example, the sensor signals can indicate acoustic
amplitudes or vibration amplitudes associated with the well fluid impacting the well tool.
[6043] In block 304, the processing device 402 determines a signature for the well fluid
based on the one or more characteristics. The signature can be an acoustic signature or a motion

signature. In some examples, the signature can include a distribution of magnitudes over a
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period of time. In other examples, the signature can include a distribution of magmitudes over
a range of frequencies.

[(044] In block 506, the processing device 402 determines a difference between the
signature and a baschine signature. The baseline signature can be a basehine acoustic-signature
or a bascline motion-signature. In some examples, the basehine signature can include a
distribution of magnitudes over a peniod of time. In other examples, the baseline signature can
mclude a distribution of magnitudes over a range of frequencies. The bascline signature can
be generated using the characteristics of acoustic emissions or motion detected by the sensors
130 during a prior time period.

[(:045] In block 3508, the processing device 402 determines one or more fluid
charactenistics of the well fluid based on the difference between the signature and the baseline
signature. OUne example of a fluid charactenstic can be a flow characteristic, such as a flow
velocity or volumetric flow rate.  Another example of a fhud characteristic can be sand
concentration.

[6046] As a particular example, the processing device 402 can determine that the
signature includes magnitudes that are one guarter of the size of the magnitudes in the bascline
signature. 5o, the processing device 402 can apply a scaling factor of one quarter to a
concentration of sand associated with the baseline signature o determine the concentration of
sand m the well fhud. As another example, the processing device 402 can use a database that
mcludes relationships between differences and sand concentrations to determine the
concentration of sand in the well flmd. For example, the processing device 402 can access the
database to determine that a difference of 100 pa’/Hz correlates to 5% sand concentration. The
processing device 402 can use any number and combination of technigues to determine the
relative or absolute concentration of sand in the well fluid based on the difference.

[6047] In block 510, the processing device 402 performs an operation based on the one
or more flutd characteristics, such as the concentration of sand in the well fluid. The operation
can include transmitting a notification {¢.g., an alert) associated with the one or more fluid
characteristics. In onc example, the notification can indicate the numerical concentration of
sand in the well fluid.

[0048] In some examples, if the concentration of sand in the well fluid 15 greater than
a predefined threshold (e.g., 19%). the processing device 402 can transmit 3 notification
mdicating that there 15 sand present in the well fluid. If the concentration of sand 1 the well
fluid 1s greater than another predefined threshold {e.g., 10%), the processing device 402 can

transmit a notification in the form of an alert indicating that there is a dangerous level of sand
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present i the well fluid.

[(049] In some examples, the processing device 402 can auwtomatically control one or
more well tools based on the one or more fluid characteristics. This can help, for example,
reduce the amount of sand in the wellbore or the effect of the sand on the well system. Asa
particudar example, the processing device 402 can transmit a control signal to a valve based on
the well fhuid’s sand concentration, flow velocity, or volumetric flow rate exceeding a
predefined threshold. The control signal can cause the valve to, for example, redirect or cut
off the flid flow to prevent damage to well equipment.  As another example, the processing
device 402 can transmit a control signal to a pump based on the concentration of sand in the
well fluid exceeding the predefined threshold. The control signal can cause the pump to punmp
out sand to prevent damage to well equipment.

[6050] FIG. 6 15 a cross-sectional side view of another example of a well system 600
according to some aspects. The well system 600 includes a wellbore 102 extending through a
hvdrocarbon bearing subterrancan formation 104, The wellbore 102 can be vertical, deviated,
horizontal, or any combination of these. The wellbore 102 can melude a casing string 106. The
casing string 106 can provide a conduit through which well fluids, such as prodaoction fhuids
produced from the subterrancan formation 104, can travel from the wellbore 102 to the well
surface 108,

(00511 The wellbore 102 can be divided into one or more production zones, such as
production zone 114. Each production zone can include one or more perforations 118 to enable
a well fluid to flow from the subterrancan formation 104 tnto atubular 110, such as a production
string. The tubular 110 can have apertures o enable well fluid to enter the tubular 110, A sand
control device 120, such as a sand screen, can surround the apertures to limit sand inflow mto
the tubular 110.

[60352] The well system 600 also mcludes a distributed acoustic sensing (IDAS) svstem.
The DAS aystem can be included in, or separate from, the computing device 140 of FIG. L.
The DAS system can inchude an interrogator 604 (¢.g., fiber optic interrogator) and a fiber optic
cable 602 positioned downhele. The fiber optic cable 602 can extend through some or all of
the length of the wellbore 102 {¢.g., via a wireline, shickline, or cotled tubing that includes one
or more fiber optic cables). For example, the fiber optic cable 602 can extend through multiple
production zongs., Although the fiber optic cable 602 is shown in FIG. 6 as being internal to
the tubular 110, 1 other examples the fiber optic cable 602 can be positioned clsewhere in the
well system 600, For example, the fiber optic cable 602 can be positioned on the outside of

the casing string 106 (¢.g.. between the casing string 106 and the wellbore 102 or positioned
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on the outside of the tubular 110).

[00353] The interrogator 604 can transmit optical signals over the fiber optic cable 602
and receive refiections of the optical signals. The characteristics of the retlections can be
affected by the characteristics of acoustic emussions {e.g., waves) impacting the fiber optic
cable 602, which tn turn can be affected by the concentration of sand i the well thud that
produced the acoustic emissions. An example of this phenomenon is shown in FIG. 7. For
example, line 702a comesponds to a well fluid having water and 1% sand. Line 702b
corresponds to a well fluid having water and 2% sand. Line 702¢ corresponds to a well fhnd
having water and 3% sand. Line 702d corresponds to a well floid having water and 4% sand.
Line 702¢ corresponds to a well thuid baving water and 5% sand. And line 702f corresponds
to a well thud having water and 8% sand. As shown, higher concentrations of sand m the well
fluid can result in higher-amplhitude reflections detected by the DAS system. In some examples,
the DAS system can flag zones with higher concentrations of sand as potentially problematic.
In this manner, the DAS system can be used to automatically identify potentially problematic
zones n the wellbore 102, This can sigmficantly reduce the amount of time required to
manually identify such zones.

[00354] After identifying a potentially problematic zone using the BAS system, a well
tool {e.z., well tool 124 discussed with respect to FIG. 1) can be positioned in the zone 1o
analyze the well fluid in the zone. By using this two-part approach, the DAS system can first
generally identify one or more regions that are potentially problematic in the wellbore 102.
These regions can then be further analyzed usmg the well tool to obtam a more specific,
granular level of detail.

[0655] FIG. 8 is a flow chart of an example of a process for monitoring thad
characteristics downhole according to some aspects. Other examples can include more steps,
fewer steps, different steps, or a different combination of the steps shown in FIG. 8. The steps
below are discussed with reference to the components discussed above with respect to FIGS 1
and 6.

[0(56] In block 802, a DAS systom is used to determine a zone {or zones) in a wellbore
102 that has acoustic emissions with one or more characteristics {e.g., amplitudes) that exceed
a predefined threshold. This may be achieved by analyzing one or more charactenistics of
acoustic emissions over a large section of the wellbore 102 using the DAS svstem and flagging
at Jeast one zone in which the one or more characteristics exceed the predetined threshold.
[6057] For example, an interrogator 604 can transmit optical signals over a fiber optic

cable 602 positioned in 3 wellbore 102 and receive reflections of the optical signals over the
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fiber optic cable 602, The reflections can mdicate the amphitudes of the acoustic emissions in
the various zones of the wellbore 102. The interrogator 606 can then flag a zone i the wellbore
102 as having retlections that exceed a predefined reflection-threshold, which can be associated
with the predefined threshold for the acoustic-emission characieristics.

[0058] In block 804, a well tool 124 positioned in the zone is used to determine one or
more fhud characteristics {(¢.g., a concentration of sand} of a well fluid flowing in the zone.
For example, the well tool 124 can implement some or all of the steps of FIG. 5 to determine
the concentration of sand in the well fluid.

(006591 In some examples, the DAS svstem can be positiongd in the wellbore 102 at the
same time as the well tool 124, For example, if the DAS svstem is deploved in the wellbore
102 on a wirelme {e.g., freestanding and not permanently deploved), the fiber optic cable 602
could be run in conjunction with the well tool 124, Runnping the two together can save on time
and costs {c.g., as opposed to performing two separate runs).

[00G60] In some aspects, fluid characteristics can be monttored according to one or more
of the following examples.

[6061] Example #1: A system can include an acoustic sensor configured to detect
characteristics of acoustic emissions generated by a well fhud mmpacting a well tool and
transmit sensor signals associated with the acoustic emissions. The system can include a
processing device in commmunication with the acoustic sensor. The system can include a
memory device including instructions that are executable by the processing device for causing
the processing device to perform one or more operations. The operations can include receiving
the sensor signals from the acoustic sensor. The operations can include generating an acoustic
signature for the well fluid using the characteristics of the acoustic emissions. The operations
can include determiming a difference between the acoustic signature and a baseline acoustic-
signature for the well find. The baseline acoustic-signature can indicate other characteristics
of other acoustic cmissions generated by the well fluid. The operations can inchude determining
a concentration of sand in the well fluid using the difference between the acoustic signature
and the baseline acoustic-signature. The operations can include transmitting a notification
assoctated with the concentration of sand mn the well fluid in response fo the concentration of
sand exceeding a predefined threshold.

[0062] Example #2: 'The system of Example #1 may feature a motion sensor
configured to detect charactenistics of motion resulting from the well fluid impacting the well
tool and transmit a plurality of sensor signals to the processing device.

[6063] Example #3: The svstem of any of Examples #1-2 may feature the
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concentration of sand being a first concentration of sand. The memory device can further
mchude instructions that are executable by the processing device for causing the processing
device to receive the phirality of sensor signals from the motion sensor. The instructions can
cause the processing device to generate a motion signature for the well fluid using the
characteristics of the motion. The instructions can cause the processing device to deterning a
difference between the motion signature and a baseline motion-signature associated with the
well fluid.  The instructions can cause the processing deovice to deternune a sccond
concentration of sand in the well thud using the difference between the motion signature and
the baseline motion-signature. The instructions can cause the processing device to determine
that the first concentration of sand is accurate in response to the first concentration being within
a predefined tolerance range of the second concentration of sand.

[0064] Example #4: The system of any of Examples #1-3 may feature the motion
sensor being a three-axis accelerometer positioned on the well tool. The memory device cab
further include instructions that arc exccutable by the processing device for causing the
processing device 1o distinguish between (1) first motion from a production fluid that is flowing
i a direction parallel to the well tool, and (1) second motion from the well fhud flowing
perpendicularly to the well tool, by analyzing the plurality of sensor signals from the three-axis
accelerometer.

[0063] Example #5: The svstem of any of Examples #1-4 may feature the memory
device further including instructions that are executable by the processing device for causing
the processing device to generate a motion signature for the well fluid using amplitudes of the
second motion. The instructions can cause the processing device to determine a difference
between the motion signature and a baseline motion-signature associated with the well flud.
The mstructions can cause the processing device to determine a second concentration of sand
m the well flnid using the difference between the motion signature and the baselme motion-
signature.

(00661 Example #6: The svstem of any of Examples #1-5 may feature the memory
device further including instructions that are executable by the processing device for causing
the processing device to determine a flow rate of the well flmd using a flow-rate sensor. The
mstractions can cause the processing device to determine that the flow rate of the well fhud
exeeeds a predetermined threshold, The instructions can cause the processing device to
transmit an alert indicating a potential problem m response to determining that the flow rate of
the well fluid exceeds the predetermined threshold.

16067} Example #7: The system of Example #6 may feature the flow-rate sensor being
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the acoustic sensor or the motion sensor.

[0068] Example #8: The system of any of Examples #1-7 may feature the memory
device further including instructions that arc executable by the processing device for causing
the processing device to determine a viscosity of the well fluid. Determining the viscosity of
the well fluid can mvolve receiving a sensor signal from a resistivity sensor. The sensor signal
can ndicate a resistivity of the well fluid. Determining the viscosity of the well fluid can
mvolve determining a ratio of a tirst component of the well fhnd to a second component of the
well fhuid based on the resistivity of the well flnd. Determimng the viscosity of the well thud
can involve determining the viscosity of the well fluid based on the ratic of the first component
to the second component. The instructions can cause the processing device to determine the
concentration of sand in the well fluid using the flow rate and the viscosity of the well fluid.
[6069] Example #9: The system of any of Examples #1-8 may feature a distributed
acoustic sensing {DAS) systen that includes (i) a fiber optic cable positionable in a wellbore
and (i1 an interrogator coupled to the fiber optic cable for transnutting optical signals over the
fiber optic cable. The DAS svysiem can be for detecting a particular zone among a plurality of
zones in the wellbore that includes the well fhnd. The acoustic sensor can be positioned on the
well tool and within the particular zone for detecting the acoustic emissions from the well fhud
m the particular zone.

[6070] Example #10: A method can include receiving sensor signals from an acoustic
sensor posttioned on a well tool in a wellbore, The sensor signals can indicate characteristics
of acoustic enussions generated by a well fhuid wvapacting the well tool. The method can
melude generating an acoustic signature for the well fluid using the charactenstics of the
acoustic gmissions. The method can include determining a difference between the acoustic
signature & baseline acoustic-signature for the well fhud. The baseline acoustic-signature can
mdicate other characteristics of other acoustic emissions generated by the well fluid. The
method can include determining a concentration of sand in the well fluid using the difference
between the acoustic signature and the baseline acoustic-signature. The method can include
transmitting a notification associated with the concentration of sand in the well fluid
response to the concentration of sand exceeding a predefined threshold. Some or all of the
method steps can be implemented by a processing device.

(6671} Example #11: The method of Example #10 may involve the concentration of
sand being a first concentration of sand. And the method may include receiving a plurality of
sensor signals from a motion sensor. The sensor signals can indicate amplitudes of vibrations

resulting from the well fluid impacting the well tool m a direction perpendicular to the well
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tool. The method may include distinguishing the vibrations from other vibrations resulting
from a production fhuid fowing in a direction paralle!l 1o the well tool by analyzing the plurality
of sensor signals. The method may include generating a motion signature for the well fluid
using amplitades of the vibrations resulting trom the well fhnd mmpacting the well tool in the
direction perpendicular to the well tool. The method may include determiming a difference
between the motion signature and a baseline motion-signature associated with the well fluid,
The method may include deternmining a second concentration of sand in the well fluid based on
the difference between the motion signature and a baseline motion-signature.

16072} Example #12: The method of any of Examples #10-11 may include receiving a
sensor signal from a flow-rate sensor. The sensor signal can indicate a flow rate of the well
fluid. The method may mnclude determining that the flow rate of the well fluid exceeds a
predetermined threshold. The method may include transmitting an alert mdicating a potential
problem in response to determining that the flow rate of the well fluid cxeceds the
predetermined threshold.

[6073] Example #13: The method of any of Examples #10-12 can include receiving a
sensor signal from a resistivity sensor. The sensor signal indicating a resistivity of the well
fhud. The methed of can include determining a ratio of g first component of the well flid to
a second component of the well fluid based on the resistivity of the well fluid. The method of
can include determining a viscosity of the well fluid based on the ratio of the first component
to the second component. The method of can include deternuning the concentration of sand in
the well fluid using the viscosity of the well fluid.

[0074] Example #14: The method of any of Examples #10-13 can include, poor to
determining the concentration of sand i the well thud, interrogating a fiber optic cable
positicned in the wellbore using a distributed acoustic sensing {DAS) system to determine a
plurality of amplitudes of acoustic emissions in a plurality of zones in the wellbore. €
method can include determining that at least one amplitude in the plarality of amplitudes
exceeds a predetermined threshold. The method can include determining that the at least one
amplitude corresponds to a particular zone among the plurality of zones in the wellbore. The
method can include, in response to determuning that the at least one amplitude corresponds to
the particular zone, positioning the well tool in the particular zone to determine the
concentration of sand in the well fuid. The well fluid can be fhad leaking through an orifice
mn the particular zone.

[66075] Example #13: The method of any of Examples #10-14 can mvolve the acoustic

signature comprising a distribution of magnitudes over a range of frequencies.
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[6076] Example #16: A pon-transttory computer-readable medium comprising
program code that is executable by a processing device for causing the processing device to
implement the method of any of Examples #10-15.

(6677} The foregoing description of certain examples, including iHustrated examples,
has been presented only for the purpose of illustration and description and is not intended to be
exhaustive or to limit the disclosure to the precise forms disclosed. Numerous modifications,
adaptations, and uses thercof will be apparent to those skilled in the art without departing from
the scope of the disclosure. And examples disclosed herein can be combined and rearranged

to yield additional examples.
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Claims

L A system comprising:
an acoustic sensor configured to detect characteristics of acoustic emissions generate
by a well flaid impacting a well tool and transmit sensor signals assoctated with the acoustic
SMmissions;
a processing device in communication with the acoustic sensor; and
amemory device including instructions that are executable by the processing device for
causing the processing device to:
receive the sensor signals from the acoustic sensor;
gencrate an acoustic signature for the well tluid using the characteristics of the
acoustic emissions;
determine a difference between the acoustic signature and a baseling acoustic-
signature for the well fluid, the bascline acoustic-signature indicating other characteristics of
other acoustic emissions generated by the well fluad;
determine a concentration of sand mn the well fluid using the difference between
the acoustic signature and the baseline acoustic-signature; and
transmit a notification associated with the concentration of sand in the well fluid

in response to the concentration of sand exceeding a predefined threshold.

2. The system of claim 1, further comprising a motion sensor configured to detect
characteristics of motion resulting from the well fluid impacting the well tool and transmit a
plurality of sensor signals to the processing device.
3. The system of claim 2, wherein the concentration of sand 1s a first concentration of
sand, and wherein the memory device further includes mstructions that are executable by the
processing device for causing the processing device to:

receive the plurality of sensor signals from the motion sensor;

generate a motion signature for the well fluid using the characteristics of the motion;

determine a difference between the motion signature and a bascling motion-signature
associated with the well fhud;

determing a second concentration of sand in the well fluid using the difference between

the motion signature and the baseline motion-signatare; and
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determine that the first concentration of sand is accurate i response to the first

concentration being within a predefined tolerance range of the second concentration of sand.

4. The systern of claim 2, wherein the motion sensor 18 a three-axis accelerometer
positioned on the well tool, and wherein the memory device further includes nstructions that
are executable by the processing device for causing the processing device to distinguish
between (1) first motion from a production fluid that 1s flowing in a direction parallel to the
well tool, and (1) second motion from the well fluid flowing perpendicularly to the well tool,

by analyzing the phirality of sensor signals from the three-axis accelerometer.

3. The system of claim 4, wheremn the memory device further mcludes instructions that
are executable by the processing device for causing the processing device to:

generate a motion signature for the well fhud using amplitudes of the second motion;

determine a difference between the motion signature and a baseline motion-signature
associated with the well thud; and

determine a second concentration of sand in the well flaid using the difference between

the motion signaturc and the bascline motion-signature.

6. The system of claim 2, whercin the memory device farther inclodes instructions that
are executable by the processing device for causing the processing device to:
determine a flow rate of the well fluid using a flow-rate sensor;
determine that the flow rate of the well fluid exceeds a predetermined threshold; and
transmit an alert indicating a potential problem in response to determining that the flow

rate of the well fluid exceeds the predetermined threshold.

7. The system of claim 6, wherein the flow-rate sensor is the acoustic sensor or the motion
SENSOL.
8. The system of claim 6, wherem the memory device further includes instructions that

are executable by the processing device for causing the processing devics to:
determine a viscosity of the well fluid by:
receiving a sensor signal from a resistivity sensor, the sensor signal indicating a

resistivity of the well fhud;
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determining a ratio of a first component of the well fluid to a second component
of the well fluid based on the resistivity of the well fluid; and
determining the viscosity of the well fluid based on the ratio of the first
component {o the second component; and
determine the concentration of sand in the well fluid asimg the flow rate and the

viscosity of the well flind,

9. The system of claim 1, further comprising a distributed acoustic sensing (DAS) system
that mcludes (4 a fiber optic cable positionable in a wellborg and (31} an interrogator coupled
to the fiber optic cable for transmitting optical signals over the fiber optic cable, the DAS
gystern being for detecting a particular zone among a plurality of zones in the wellbore that
mclades the well fluid;

wherein the acoustic sensor is positioned on the well tool and within the particular zone

for detecting the acoustic emissions from the well fluid in the particular zone.

10. A method comprising:

receiving, by a processing device, sensor signals from an acoustic sensor posttioned on
a well tool in a wellbore, the sensor signals indicating characteristics of acoustic emissions
generated by a well floid impacting the well tool;

generating, by the processing device, an acoustic signature for the well fluid using the
characteristics of the acoustic emissions;

determining, by the processing device, a difference between the acoustic signature a
baseline acoustic-signature for the well fluid, the baseline acoustic-signature indicating other
characteristics of other acoustic emissions generated by the well fhud;

determining, by the processmg device, a concentration of sand in the well fluid using
the difference between the acoustic signature and the baseline acoustic-signature; and

transmitting, by the processing device, a notification associated with the concentration
of sand in the well fluid in response to the concentration of sand exceeding a predefined

threshold.

11 The method of claim 10, wherein the concentration of sand is a first concentration of

sand, and further comprising:
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receiving a plurality of sensor signals from a motion sensor, the sensor signals
mdicating amplitudes of vibrations resulting from the well fluid impacting the well tool in a
direction perpendicular to the well tool;

distinguishing the vibrations from other vibrations resulting from a production fluid
flowing in a direction parallel to the well tool by analyzing the plurality of sensor signals;

generating a motion signature for the well fhud using amplitudes of the vibrations
resulting from the well fluid impacting the well tool in the direction perpendicular to the well
tool;

determining a difference between the motion signature and a baseline motion-gignature
associated with the well fluid; and

determining a second concentration of sand i the well thud based on the difference

between the motion signabire and a baseline motion-signatore.

12. The method of claim 10, further comprising:
receiving a sensor signal from a flow-rate sensor, the sensor signal indicating a flow
rate of the well fluid;
determining that the flow rate of the well fluid excoeds a predetermined threshold; and
transmitting an alert mdicating a potential problem in response to determining that the

flow rate of the well fluid exceeds the predetermined threshold.

13. The method of claim 10, further comprising:

recelving a sensor signal from a resistivity sensor, the sensor signal indicating a
resistivity of the well fluad;

determining a ratio of a first component of the well fluid to a second component of the
well fluid based on the resistivity of the well fluid;

determining a viscosity of the well flaid based on the ratio of the first component to the
second component; and

determining the concentration of sand in the well fluid using the viscosity of the well

flud.

14. The method of claim 10, further comprising, prior to determining the concentration of

sand i the well fluid:
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mterrogating a fiber optic cable positioned i the wellbore using a distributed acoustic
sensing (2AS) system to determine a plurality of amplitudes of acoustic emissions in a plurality
of zones in the wellbore;

determining that at least one amphitude n the plurality of amplitudes exceeds a
predetermined threshold;

determining that the at least one amplitude corresponds to a particular zone among the
plurality of zones in the wellbore; and

i responge to determining that the at least one amplitude corresponds fo the particular
zone, positioning the well tool in the particular zone to determine the concentration of sand 1n

the well thaid, the well fluid being fluid leaking through an onfice in the particular zone.

1

(]

The method of claim 10, wherein the acoustic signature comprises a distribution of
magnitudes over a range of frequencics.
16. A non-transitory computer-readable medium comprising program code that s
executable by a processing device for causing the processing device to:

receive sensor signals from an acoustic sensor positioned on a well tool, the sensor
signals indicating characteristics of acoustic emissions gencrated by a well fluid topacting the
well tool;

generate an acoustic signature for the well fluid using the charactenistics of the acoustic
SMissions;

determine a difference hetween the acoustic signature a baseline acoustic-signature for
the well fhnd, the baseline acoustic-signature indicating other amplitudes of other acoustic
emissions generated by the well fluid;

determine a concentration of sand in the well fluid using the difference between the
acoustic signature and the baseline acoustic-signature; and
tranamit a notification associated with the concentration of sand in the well thud in

response to the coneentration of sand exceeding a predefined threshold.

17. The non-transitory computer-readable medium of claim 16, wherein the concentration
of sand is a first concentration of sand, and firther comprising program code that is executable
by the processing device for causing the processing device to:

receive a plurality of sensor signals from a motion sensor, the sensor signals indicating
charactenistics of vibrations resulting from the well fluid impacting the well tool in a direction

perpendicolar to the well tool;
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distinguish the vibrations from other vibrations resulting from a production thad
flowing in a direction paralle! o the well tool by analvzing the plurality of sensor signals;

generate a motion signature for the well fluid using characteristics of the vibrations
resulting from the well fluid impacting the well tool n the direction perpendicular to the well
tool:

determine a difference between the motion signature and a bascline motion-signature
associated with the well fluid; and

determine a second concentration of sand in the well fluid based on the difference

between the motion signature and a baseline motion-signature.

18, The non-transitory computer-readable medivm of claim 16, further comprising program
code that 1s executable by the processing device for causing the processing device to:

receive a sensor signal from a flow rate sengor, the sensor signal indicating a flow rate
of the well fluid;

determine that the flow rate of the well fluid exceeds a predetermined threshold; and

transmit an alert indicating a potential problem in response to determining that the flow

rate of the well fluid exceeds the predetermined threshold.

19 The non-transitory computer-readable medium of claim 16, further comprising program
code that is executable by the processing device for causing the processing device to:

receive a sensor signal from a resistivity sensor, the sensor signal indicating a resistivity
of the well fluad;

determine a ratio of a first component of the well fluid to a second component of the
well fluid based on the resistivity of the well fld;

determine a viscosity of the well fluid based on the ratio of the first component to the
second component; and

determine the concentration of sand in the well fluid using the viscosity of the well

flud.

20, The son-transttory computer-readable medium of claim 16, wherein the acoustic
signature comprises a distribution of first magnitudes over a range of frequencies, and the
baseline acoustic-signature comprises another distribution of second magnitudes over the range
of frequencies, the baseline acoustic-signature is generated using a production fluid at a surface

of a wellbore, and further comprising program code that is executable by the processing device
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for causing the processing device to determine the concentration of sand in the well fluid at
leastin part by determining a ratio of the first magnitudes in the acoustic signature to the second

magniiudes n the baseline acoustic-signature.
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. RECEIVE SENSOR SIGNALS FROMA SENSOR POSITIONED ON AWELL TOOL,
502~ THE SENSOR SIGNALS INDICATING ONE OR MORE CHARACTERISTICS OF AN
ACOUSTIC EMISSION OR MOTION GENERATED BY AWELL FLUID

Y

504~ DETERMINE A SIGNATURE FOR THE WELL FLUID BASED
ON THE ONE OR MORE CHARACTERISTICS

Y

DETERMINE ADIFFERENCE BETWEEN THE SIGNATURE AND
ABASELINE SIGNATURE

Y

508 DETERMINE ONE OR MORE FLUID CHARACTERISTICS OF THE WELL FLUD
N BASED ON THE DIFFERENCE BETWEEN THE SIGNATURE AND
THE BASELINE SIGNATURE

;

510~ PERFORM AN OPERATION BASED ON THE ONE OR MORE FLUID
CHARACTERISTICS OF THEWELL FLUID

506~

FIG. 5
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82~

USE ADAS SYSTEM TO DETERMINE A ZONE IN AWELLBORE THAT HAS ACOUSTIC
EMISSIONS WITH ONE OR MORE CHARACTERISTICS EXCEEDING A PREDEFINED
THRESHOLD

Y

804~

USE AWELL TOOL POSITIONED IN THE ZONE TO DETERMINE ONE OR MORE
FLUID CHARACTERISTICS OF AWELL FLUID FLOWING IN THE ZONE

FIG. 8
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