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Sand production is a problem that is often encountered in unconventional oil and gas exploitation and that is difficult to effectively
solve. Accurate online monitoring of sand production is one of the keys to ensuring the safety and long-term production of oil wells
as well as efficient production throughout the life cycle of production wells. This paper proposes a method for monitoring sand
production in offshore oil wells that is based on the vibration response characteristics of sand-carrying fluid flow impinging on
the pipe wall. This method uses acceleration sensors to obtain the weak vibration response characteristics of sand particles
impinging on the pipe wall on a two-dimensional time-frequency plane. The time-frequency parameters are further optimized,
and the ability to identify weakly excited vibration signals of sand particles in the fluid stream is enhanced. The difference
between the impact response of the sand particles and the impact response of the fluid flow to the pipe wall is identified, and
corresponding indoor verification experiments are carried out. Under different sand contents, particle sizes, and flow rates (sand
content 0-2‰, sand particle size 96-212μm, and flow velocity 1-3m/s), the impact response frequency of sand particles to the
pipe wall exhibits good consistency. The characteristic frequency band of sand impacting the pipe wall is 30-50 kHz. A statistical
method is used to establish the response law of the noise signal of the fluid. Based on this knowledge, a real-time calculation
model of sand production in offshore oil wells is constructed, and the effectiveness of this model is verified. Finally, a field test is
carried out with a self-developed sand production signal dynamic time-frequency response software system on 4 wells of an oil
production platform in the Bohai Sea. This system can effectively distinguish sand-producing wells from non-sand-producing
wells. The dynamic time-frequency response, field test results, and actual laboratory results are consistent, verifying the
effectiveness of the method proposed in this paper and further providing a theory for improving the effectiveness of the sand
production monitoring method under complex multiphase flow conditions. This study also provides technical guidance for the
industrial application of sand production monitoring devices in offshore oil wells.

1. Introduction

Unconventional oil and gas fields are currently a focus of oil
and gas exploration and development in the petroleum
industry. Due to the poor reservoir properties and fluid flow

capacity of tight sandstone, hydraulic fracturing technology
has been widely used in the development of tight oil reser-
voirs. With the exploitation of oil reservoirs, the rock struc-
ture of the reservoir becomes destroyed [1, 2], causing sand
particles to separate from the rock mass. The fluid is then
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carried into the wellbore or production pipeline. Sand pro-
duction in oil wells is one of the key problems that plague
the safety and efficiency of oil fields. Excessive sand pro-
duction will cause problems such as wear of the downhole
and surface facilities, sand burial in the pay zone, and the
reduction in or halting of oil and gas well production [3].
Therefore, effective sand production monitoring technology
is key for ensuring oil well safety and long-term production
[4–6]. Through the research and application of online mon-
itoring systems for sand production in production wells,
real-time information on sand production in oil wells can
be continuously and effectively obtained. These data can be
used to guide the formulation of moderate sand production
strategies and sand control plans for sand production wells
and to provide real-time data for informing intelligent oil-
field production management. This approach extends the life
of oil wells, improves the production efficiency of oil wells,
and extends the economic development cycle of oil fields.

Sand production monitoring methods can be divided
into two types: nonimplanted monitoring methods and
implanted monitoring methods [7]. Implanted monitoring
methods involve installing a probe inside the pipeline to
sense the impact of sand particles on the sensitive compo-
nents. This approach is suitable for a single low-velocity fluid
carrying sand [8, 9]. Kesana et al. [10] used electrical resis-
tance (ER) probes to study the effects of particle size and fluid
viscosity on annulus flow and slug flow. However, this
method requires changing the production pipeline during
installation and has problems such as a short service life,
signal attenuation, and a low accuracy. Therefore, nonim-
planted monitoring methods are generally used to obtain
sand production information. These methods involve instal-
ling sensors on the outer wall of the pipeline to sense the
impact of sand particles on the pipeline and identify the sand
production information of oil wells by analyzing the vibra-
tion signal characteristics of the sand-carrying fluid flow
[11]. Hii et al. [12] successfully obtained the characteristics
of the solid content in a gas-solid two-phase flow based on
the principle of acoustic emission. El-Alej et al. [13] obtained
the characteristics of the sand content in a water-sand two-
phase flow using acoustic emission technology. Sampson
et al. [14] established a mathematical model of sand produc-
tion in oil wells based on acoustic measurements. Ibrahim
and Haugsdal [15] further considered the influence of noise
signals induced by oil flow on the sand production model.
Gao et al. [16] proposed reducing the mathematical model
of sand production after considering the noise signals
induced by oil flow. The existing sand detection methods
have practical advantages in the recognition of solid particles
in a wide frequency range and at higher speeds. However, the
key predictive information is contained in the weak excita-
tion signal of the particles impacting the tube wall. Therefore,
it is very important to enhance the recognition ability of
weakly excited vibration signals of sand particles in a fluid
stream.

At present, the main difficulties in the identification of oil
well sand production signals and the monitoring of oil well
sand production volumes include the following: (1) the sand
production signal is very weak compared to the high-

intensity fluid flow and strong noise signals, but it contains
sand production information. The effective signal is often lost
in this background noise, so a short-time Fourier transform
(STFT) can be applied to effectively distinguish the signals
of the sand impacting the pipe wall from those of the fluid
flow impacting the pipe wall in the frequency domain to
make it easier to recognize the weakly excited vibration of
sand in the fluid flow signal. (2) Further clarification of the
relationship between the sand production signal and the sand
production parameters is needed to obtain a more accurate
sand content calculation model. The power spectral density
is used to characterize the relationship, which can character-
ize the distribution of the time domain signal with frequency
[17]. (3) Based on the vibration signal characteristics of the
sand-carrying fluid flow, a sand production monitoring soft-
ware system with multiwell real-time monitoring and sand
content identification functions must be compiled.

This paper proposes an oil well sand production moni-
toring method based on a characteristic analysis of the vibra-
tion signal of sand-carrying fluid flow impacting a pipe wall.
In this paper, a high-frequency acceleration sensor is used to
experimentally study the difference between the vibration
response characteristics of the sand particles impacting the
pipe wall and the fluid impacting the pipe wall. Through
the time-frequency joint analysis method, the recognition
ability of the weak excitation signal of the sand particles
within the strong noise signal of the fluid flow is improved.
On this basis, the characteristic frequency of sand impacting
the pipe wall is discussed. A statistical method is used to
establish the response law of the noise signal of the fluid.
Based on indoor simulation experiments, the actual oil well
particle size distribution is considered. Under single-factor
conditions such as the sand particle size and flow velocity,
the influence of flow velocity and sand particle size on vibra-
tion energy is studied. Additionally, a sand production calcu-
lation model for oil wells is established based on several
indoor simulation experiments, and the effectiveness of the
model is verified. Based on this model, a set of sand produc-
tion monitoring software systems with a multichannel sand
production dynamic monitoring function is compiled. Field
test research is carried out on 4 test wells of an oil production
platform in the Bohai Sea to verify the effectiveness of the
method proposed in this paper and to provide information
for its use in industrial oil well sand production monitoring.

2. Methods

2.1. Principles of Sand Vibration Monitoring. Sand produc-
tion is a very common phenomenon in oil wells and is diffi-
cult to avoid in the production process of sand-carrying
crude oil. When sand-carrying fluid flows through a 90°

elbow of a pipeline at a high speed, inertia will act on the sand
particles due to the sudden change in the fluid flow direction.
The constraints of the drag force of the fluid are overcome,
and the particles hit the pipe wall and vibrate, as shown in
Figure 1. The sand particles produce a certain impact kinetic
energy (KE) due to the work done on the pipe wall. The
sensor on the outside of the elbow picks up the vibration
characteristics and further converts them into the required
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sand particle parameters. The KE generated by the sand par-
ticles is given in the following equation:

KE =
mv2

2
, ð1Þ

where m is the mass of sand grains and v is the velocity of
the particles hitting the pipe wall. This article assumes that
the particles are standard spherical particles and does not
consider the impact of particle shape on impact force. Equa-
tion (1) shows that the KE of the sand grains is proportional
to the mass of the sand grains and has a parabolic growth
relationship with the fluid velocity. For low-viscosity dilute
particulate flow, the interactions between particles and vis-
cous force are not considered.

2.2. Recognition and Extraction of Sand Grain Characteristics
in Fluid Flow Vibration Signals. The vibration signal gener-
ated by the sand-carrying fluid flow impacting the pipe wall
is from the vibrations generated under the excitation of ran-
dom force and can be regarded as a nonstationary vibration
signal. The time-frequency analysis method is a powerful tool
for analyzing nonstationary signals. The vibration signal of
low-content sand particles impacting the pipe wall in the
fluid flow is very weak. To effectively distinguish the sand
particle impact signal and the fluid flow impacting the pipe
wall signal in the frequency domain, it is necessary to account
for the fact that the signal characteristics cannot be character-
ized in the frequency domain. The signal is processed and
identified by a time-frequency analysis method based on
the STFT.

The STFT is obtained by sliding a fixed-width time win-
dow along the time axis to divide the signal into multiple
equal periods. Within a short period of time, the signal is
considered stable, and the Fourier transform is used to obtain
the spectral information of the signal. This method compre-
hensively considers the spectral information of all time
periods to obtain a two-dimensional time-frequency analysis
result. The STFT of the discrete signal can be expressed by
Equation (2) [18].

STFTk fð Þ = 〠
n

i=1
xk ið Þw ið Þe−j2πnf , ð2Þ

where wðiÞ is the window function and the width of the win-
dow is equal to the signal segment when the stationary
assumption is established.

The power spectrum of the vibration signal generated by
the sand-carrying fluid stream impacting the pipe wall
reflects the change in the signal power, with the frequency
in the unit frequency band. Therefore, the energy of the ran-
dom signal can be obtained with the frequency change by the
power spectral density function [19]. When using the STFT
for frequency domain signal analysis, the power spectral den-
sity function is commonly used to characterize the signal and
is expressed as

Ph
xx fð Þ = 1

∑n
i=1w

2 ið Þ 〠
n

i=1
xh ið Þw ið Þe−j2πnf

" #2

: ð3Þ

Shi et al. [20] used the STFT to process the Doppler
frequency shift signal and revealed the correlation between
the time-varying velocity characteristics of the flow field
and the flow field structure. Tang et al. [21] used the STFT
to analyze the signal obtained by a hydrophone and obtained
the time interval of a certain bubble condensation process.
Sheikhi et al. [22] used the power spectrum of the vibration
signal to better predict the main hydrodynamic characteris-
tics of a liquid-solid fluidized bed. Khan et al. [23] used the
STFT to determine the size of bubbles obtained by computa-
tional fluid dynamics (CFD) simulation. Wang et al. [24, 25]
analyzed different multiphase flow fluid properties and the
characteristics of vibration signals excited by sand particles
impacting a pipe wall in multiphase flow and applied STFT
time-frequency analysis to obtain the characteristic fre-
quency bands of the sand.

In the process of acquiring signals from the sensor, some
interference and noise will inevitably be incorporated, which
will affect the sand production monitoring results. There-
fore, it is necessary to filter the interference noise. In the
real-time signal processing of oil-water-sand multiphase
flow, to ensure the stability and linear phase characteristics
of the signal, a finite impulse response (FIR) digital filtering
method is selected to further improve the signal-to-noise
ratio. For the FIR filter, the following system function of
finite length is used to express the system function of the
FIR filter [26].

H zð Þ = 〠
N−1

n=0
h nð Þz−n: ð4Þ

Regarding the design method, this paper adopts the But-
terworth filter and the Chebyshev filter. The maximum flat
amplitude characteristic in the passband of the Butterworth
filter decreases monotonically with increasing frequency.
The error of the Chebyshev filter is observed as equal ripples
in the specified frequency band. The amplitude characteris-
tics of the Chebyshev type I filter are observed as equal
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Figure 1: Principles of sand vibration monitoring.
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ripples in the passband and are monotonic in the stopband.
The amplitude characteristics of the Chebyshev type II filter
are observed as a monotonic descent in the passband,
whereas equal ripples are present in the stopband [27].

The form of the squared amplitude function of the
Butterworth filter is given by

A Ω2� �
=

1
1 + jΩ/jΩcð Þ2N

, ð5Þ

where Ωc is the cutoff frequency of the filter and N is the
order of the filter.

The form of the amplitude-frequency characteristics of
the Chebyshev filter is given by

H Ω2� �
=

1
1 + ε2T2

n jΩ/jΩcð Þ : ð6Þ

In the formula, ε represents the coefficient of fluctuation,
Tn represents the nth-order Chebyshev polynomial, and its
form is expressed as

Tn Ωð Þ =
cos n cos−1 Ωð Þ� �

Ωj j ≤ 1,

ch nch Ωð Þð Þ Ωj j > 1:

(
ð7Þ

3. Experimental Device and
Experimental Design

3.1. Experimental Device. The indoor evaluation device for oil
well sand production monitoring used in this work is a large-
displacement sand production monitoring test bench based
on a screw pump, which can simulate the standard sand
content under different working conditions. It can be used
repeatedly with a single-phase fluid or a multiphase fluid.
This study provides a reliable and stable monitoring and
calibration platform for the monitoring of sand-carrying
fluids. The experimental device mainly includes a multiphase
flow loop system and a sand production monitoring system,
as shown in Figure 2. The screw pump circulates the sand-
carrying fluid. The speed of the screw pump is controlled
by adjusting the frequency of the inverter, thereby changing
the flow rate of the fluid in the circulation pipeline. To ensure
that the sand particles are fully mixed in the fluid, a stirrer is
installed in the fluid storage tank to mix the sand particles
and the fluid evenly. After the sand-carrying fluid flow is fully
developed, it flows through the elbow equipped with the
sensor and then returns to the fluid storage tank to achieve
multiphase flow circulation. The test tube is made of 304
steel. The outer diameter of the pipeline is 34mm, the inner
diameter is 25mm, and the radius of curvature of the elbow
is 2.5D (where D is the nominal diameter).

The sand production monitoring data acquisition system
uses the 357B03 acceleration sensor produced by the PCB
company to obtain the vibration signal of the sand-carrying
fluid flow impacting the pipe wall. The sensor is installed at
a location 1-2 times the pipe diameter downstream of the
elbow. The signal is transmitted to the acquisition card via
the cable, and after being converted into a digital signal, it

is collected and analyzed by sand monitoring software in
the computer.

3.2. Experimental Design. The experimental conditions for
studying the characteristics of the vibration signal character-
istics of the sand-carrying fluid flow impacting the pipe wall
under multifactor conditions, which mainly include the rela-
tionship between the characteristics of the sand production
signal and the particle size distribution, the sand content,
and the flow velocity, are shown in Table 1.

Experiment 1 studied the influence of different sand
contents on the characteristics of the sand production
monitoring signals. The sand content ranged from 0 to
0.2%, the viscosity of the sand-carrying fluid was 1mPa·s,
the fluid flow rate was 1.5m/s, and the sand particle size
was 150μm. Experiment 2 studied the characteristics of the
sand monitoring signal under different particle size condi-
tions, with sand particle sizes of 96μm, 125μm, 150μm,
180μm, and 212μm. The sand-carrying fluid viscosity was
1mPa·s, and the fluid flow rate was 1.5m/s. Experiment 3
studied the influence of different flow velocities on the char-
acteristics of the sand production monitoring signals. The
flow velocity range was 1-3m/s, and the viscosity of the
sand-carrying fluid was 1mPa·s. To study the impact of the
fluid impacting the pipe wall on the sand production back-
ground noise signal, experiments were carried out without
sand and with an experimental sand sample with a particle
size of 180μm.

4. Results and Discussion

4.1. Analysis of the Signal Characteristics of Sand Production
under Different Sand Content Conditions. To study the vibra-
tion signal characteristics of sand-carrying fluid impacting
the pipe wall, the influence of different sand contents on
the signal characteristics of sand production was first studied
through experiment 1. Figure 3(a) shows the sand produced
when the fluid viscosity was 1mPa·s; the sand particle size
was 150μm; the pipeline flow rate was 1.5m/s; and the sand
contents were 0, 0.5‰, 1‰, 1.5‰, and 2‰. Figure 3(a)
shows that both the signal of the impingement of the pipe
wall by the sand-free stream and the signal of the impinge-
ment of the pipe wall by the sand-carrying stream had strong
signal characteristics in the frequency range of 0-20 kHz.
Therefore, this frequency band was the vibration signal
excited by the fluid flow impacting the pipe wall, and most
frequencies were mainly concentrated in the low-frequency
band below 20 kHz. This frequency band is the vibration
signal excited by the fluid impacting the pipe wall, and the
low content of sand in the fluid flow impacts the vibration
signal of the tube wall, which is very weak.

To effectively distinguish the signal of sand impacting the
pipe wall and the signal of fluid flow impacting the pipe wall
in the frequency domain, it is necessary to account for the
fact that the signal characteristics cannot be characterized
in the frequency domain. The signal was processed and iden-
tified by a time-frequency analysis method based on the
STFT, and the two-dimensional time-frequency spectrum is
shown in Figure 3(b). This figure clearly shows that in the
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low-frequency band below 20kHz, the vibration signals
before and after the sand had relatively high-frequency char-
acteristics, consistent with the results in Figure 3(a). In the
30-50 kHz frequency band, as the sand content increased,
the relative energy of the sand vibration signal increased sig-
nificantly. Therefore, this frequency band is the characteristic
frequency band of the vibration signal of the sand impacting
the pipe wall. Compared with Figure 3(a), the time spectro-
gram based on the STFT effectively compensates for the
defect that the signal characteristics cannot be described in
the frequency domain and enhances the recognition ability
of the weakly excited vibration signal of the gravel in the fluid
flow.

To reduce the impact of the strong noise signal from the
signal of the fluid impacting the pipe wall, the results from
the characteristic analysis of the sand measurement signal
under different sand content conditions were further ana-
lyzed, and the effective frequency range of the sand vibration
signal was filtered from 30 to 50 kHz. The frequency domain
and time domain of the filtered monitoring signal are shown
in Figures 3(c) and 3(d), respectively. Within the effective
frequency range of sand production, the time domain ampli-
tude and frequency domain amplitude of the change in the
sand content increased as the sand content increased.

4.2. Characteristic Analysis of the Sand Measurement Signals
under Different Particle Size Conditions. Figures 4(a) and 4(b)
show the test results when the fluid had a viscosity of 1mPa·s;
a sand content of 1‰; a pipeline flow rate of 1.5m/s; and
sand grain sizes of 96μm, 125μm, 150μm, 180μm, and
212μm. For the frequency domain diagram and time spec-
trum diagram of the sanding signal, the high energy intensi-
ties of the sand monitoring signal mainly concentrated in the
low-frequency band below 20 kHz. The results of experiment
1 show that this frequency band corresponds to the vibration
signal excited by the fluid impacting the pipe wall, as shown
in Figure 4(b). Figure 4(b) also shows that as the particle size
of the sand increased, the energy of the vibration signal of
sand production increased.

To study the characteristics of the sand measurement
signal under different particle size conditions, the effective
frequency range of the sand particle vibration signal was fil-
tered from 30 to 50 kHz. The filtered time domain diagram
is shown in Figure 4(c). As the sand particle size increased,
the time domain amplitude of the sand output monitoring
signal clearly increased. After filtering and denoising, the
power spectrum amplitude of the sand vibration signal was
calculated. Under the experimental conditions of a pipeline
flow rate of 1.5m/s, the resulting power spectrum densities
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Figure 2: Schematic diagram of the experimental facility.

Table 1: Experimental parameters.

Flow velocity (m/s) Sand content (‰) Sand particle size (μm)

Experiment 1 1.5 0, 0.5, 1, 1.5, 2 150

Experiment 2 1.5 0, 0.5, 1, 1.5, 2 96, 125, 150, 180, 212

Experiment 3 1, 1.5, 2, 2.5, 3 0, 0.5, 1, 1.5, 2 180
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Figure 3: Characteristic analysis of the sand measurement signal under different sand content conditions (particle size 150μm, flow velocity
1.5m/s): (a) frequency domain diagram; (b) time spectrum; (c) 30-50 kHz frequency domain diagram; (d) 30-50 kHz time domain diagram.
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of the sand vibration signals with different sand particle
sizes are shown in Figure 4(d). This figure shows that the
power spectrum density of the sand output signal increased
as the sand content increased when the sand particle size
and pipeline flow rate were constant; when the sand con-
tent and pipeline flow rate were constant, the sand output

signal of the power spectrum increased as the sand particle
size increased.

4.3. Characteristic Analysis of Sand Measurement Signals
under Different Flow Velocities. To further study the influ-
ence of different flow rate conditions on the vibration
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Figure 5: Continued.
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signal characteristics of the sand-carrying fluid impacting
the pipe wall, indoor sand production monitoring experi-
ments were carried out at different flow velocities.
Figures 5(a) and 5(b) show the sand vibration signal fre-
quency domain graph and time-frequency domain graph
results for a fluid viscosity of 1mPa·s, a sand content of

1‰, a sand particle size of 180μm, and pipeline flow veloc-
ities of 1m/s, 1.5m/s, 2m/s, 2.5m/s, and 3m/s. In the figure,
in the 0-20 kHz frequency band of the strong noise signal of
the fluid flow, as the flow rate increased, the frequency
domain amplitude and power spectrum energy of the fluid
flow signal increased.
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Figure 5: Characteristic analysis of the sand measurement signal under different flow velocity conditions (sand content 1‰, particle size
180μm): (a) frequency domain diagram; (b) time spectrum; (c) 30-50 kHz time domain diagram; (d) power spectrum analysis.
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The relationship between the pipeline flow velocity and
the sand production monitoring signal under different exper-
imental conditions was determined. According to the analy-
sis results of the effective frequency range of the sand
vibration signal, the vibration signal generated by the impact
of sand particles on the pipe wall was filtered and noise-
reduced in the characteristic frequency band of 30-50 kHz.
A noise processing and the filtered time domain diagram of
the sand production monitoring signal is shown in
Figure 5(c) for each of the pipeline flow velocities tested. As
the pipeline flow rate increased, the time domain amplitude
of the sand production monitoring signal increased.
Figure 5(d) shows the power spectrum density of the sand
measurement signal when the sand particle size was
180μm, and the pipe flow velocities were 1m/s, 1.5m/s,
2m/s, 2.5m/s, and 3m/s. For a certain pipeline flow rate, as
the sand content increased, the power spectrum amplitude
of the sand output monitoring signal increased accordingly.
For a certain sand content, as the flow velocity increases,
the power spectrum and amplitude of the sand output mon-
itoring signal increased accordingly.

According to the calculation results of the power spectral
density, the curves of the relationships between the fluid flow
noise signal and pipeline flow rate at different flow velocities
were obtained, as shown in Figure 6.

4.4. Sand Production Monitoring Calculation Model. The
sand monitoring signal was collected by the acceleration sen-
sor as a charge signal, converted into a voltage signal after
charge amplification and conversion, and finally converted
into the relative vibration energy by a signal acquisition card
and related signal processing modules. The vibration energy
can describe the sand content trend, and on this basis, a
mathematical model of sand mass flow can be established.
To obtain the relationship between the sand production

information and the sand production monitoring signals
under different experimental conditions, the relative average
vibration energy of the sand production vibration signal was
represented by VEfluid−sand.

VEfluid−sand =
1
T

ðT
0
V2 tð Þdt, ð8Þ

where VðtÞ is the average voltage value of the signal of the
sand-carrying fluid impacting the pipe wall and T is the dura-
tion of the signal sample.

The monitored vibration signal of sand production was
subtracted from the average energy Gfluid of the vibration
signal generated by the fluid with zero sand content that
impacts the pipe wall under the experimental conditions to
obtain the numerical noise reduction processing result of
the sand production monitoring signal. A polynomial fitting
method was adopted to fit the energy signal generated by the
fluid impacting the tube wall. The increase in the order of the
polynomial leads to an increase in the calculation error,
which also affects the stability of the calculation and increases
the difficulty of the calculation. Combined with the charac-
teristics of the vibration signal generated by the fluid impact-
ing the pipe wall, a third-order polynomial was selected. The
average vibration energy generated by the impact of fluids at
different flow velocities on the pipe wall in Figure 6 was fitted
with the following equation:

Gfluid vð Þ = Afluid · v3 + Bfluid · v2 + Cfluid · v +Dfluid: ð9Þ

The fitting coefficients are shown in Table 2.
Equation (9) can be used to calculate the fluid noise

power spectrum under various flow rate conditions. To
quantitatively analyze and obtain accurate sand production,
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a linear calibration coefficient, C, was introduced to construct
a sand production model. Equation (10) is the basic model
for calculating the amount of sand in the self-designed sand
monitoring software.

qsand = C ∗ VEfluid−sand −Gfluid vð Þ½ �: ð10Þ

According to the analysis results of the vibration signal
power spectrum obtained under different experimental condi-
tions, the power spectrum of the noise in the fluid flow single
of the corresponding flow velocity was subtracted to obtain
the vibration response power spectrum of the sand particle
impacting the pipe wall. On this basis, according to the
relationship between the actual sand content and the calcu-
lated sand power spectrum, the parameter C was calculated.
Finally, a chart of correction coefficients under different
flow velocities and particle size conditions was established,
as shown in Figure 7.

4.5. Field Test Verification

4.5.1. Sand Monitoring Software Compiling. According to the
results from analyzing the vibration signal characteristics of
the sand-carrying fluid flow under the conditions of different
sand contents, particle diameters, and flow velocities and the
constructed sand production model, a set of sand production
monitoring systems with a multichannel sand production
dynamic monitoring function was compiled and improved.
Figure 8(a) shows the real-time dynamic time-frequency

spectrum of the indoor monitoring experiment. The real-
time sand production monitoring module includes functions
for the input of the production well information, reduction in
the fluid noise, and calculation of the sand production and
cumulative sand production, which allow multichannel out-
put online sand monitoring, as shown in Figure 8(b).

4.5.2. Field Application of Sand Production Monitoring Based
on a Characteristic Analysis of the Vibration Signal of Sand-
Carrying Fluid Flow. To verify the reliability of the sand
production monitoring method based on the analysis of the
vibration signal characteristics of the sand-carrying fluid flow
under the on-site production conditions and application
environment, a multichannel sand production monitoring
system was used to conduct on-site sand production moni-
toring tests on four wells of an offshore mining platform.
The wellheads monitored by channels AD0, AD1, AD2,
and AD3 corresponded to velocities of 0.30m/s, 0.87m/s,
2.29m/s, and 2.22m/s and moisture contents of 41%,
92.1%, 91%, and 91.7%, respectively. The real-time monitor-
ing frequency domain diagram and time-frequency spectrum
of each wellhead are shown in Figures 9(a) and 9(b),
respectively.

The frequency domain spectrum in Figure 9(a) shows
that the real-time monitoring spectrum of the two wells
monitored by channels AD0 and AD1 has a dynamic
response in the characteristic frequency band of the sand
production vibration signal. The two wells monitored by
channels AD2 and AD3 do not exhibit an obvious dynamic
response to sand impacting the pipe wall. In Figure 9(b),
the blue line in the time domain diagram is the original vibra-
tion signal, and the red line is the vibration signal after filter-
ing the characteristic frequency bands of the sand impacting
the pipe wall. The filtered time domain diagram clearly shows
the responses of the AD0 and AD1 channels. The time
domain amplitudes of the responses of the AD0 and AD1
channels were significantly higher than those of the
responses of the AD2 and AD3 channels. In the time-
frequency diagram, the two wells corresponding to the AD0
and AD1 channels had a higher energy within the effective
frequency range of the sand production monitoring signal
and had the characteristics of sand production signals, while
the time-frequency spectrum energy values of the wells cor-
responding to the AD2 and AD3 channels are average, and
no obvious sand production signals were found. The sand
production monitoring results show that the wells monitored
by channel AD0 and channel AD1 were sand-producing
wells, whereas the wells monitored by channel AD2 and
channel AD3 did not produce sand.

In the above analysis, a high-frequency acceleration sen-
sor was used to obtain the vibration signals of 4 wells of an
offshore mining platform, and the characteristic frequency
band of the sand particles was identified based on frequency
domain analysis and time-frequency analysis. The back-
ground noise of the sand-carrying fluid was reduced, the
sand production phenomenon of the oil well was successfully
identified, and the test results of the oil field production test
center were consistent. This further illustrates the feasibility
of the on-site sand production monitoring method based

Table 2: Cubic polynomial fitting coefficients.

Afluid Bfluid Cfluid Dfluid R-square

0.0187 -0.0341 0.00206 -0.003 0.9995
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Figure 7: Correction coefficient plate.
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(a)

(b)

Figure 8: Sand production monitoring software system: (a) dynamic time spectrum; (b) sand monitoring module.
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on the analysis of the vibration signal of the sand-carrying
fluid flow.

5. Conclusions

This paper proposed a method for monitoring the sand pro-
duction of offshore oil wells based on the vibration response

characteristics of the sand-carrying fluid impacting the pipe
wall. Through time-frequency analysis, under different sand
contents, particle sizes, and flow velocities, the frequency of
the impact of the sand on the pipe wall was concentrated in
the range of 30-50 kHz. Through a large number of indoor
sand production monitoring and verification experiments,
the vibration signal response characteristics of the sand
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Figure 9: Analysis of the monitoring signal of sand production in the field experiment: (a) frequency domain diagram; (b) time spectrum.
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impacting the pipe wall were analyzed. Based on this, a real-
time calculation model of sand production in offshore oil
wells was constructed, and the effectiveness of the model
was verified. Finally, field test research was carried out on 4
test wells of an oil production platform in the Bohai Sea,
which verified the effectiveness of the method proposed in
this paper.

The following conclusions were drawn:

(1) The vibration sensor was used to collect the sand
vibration signal. Using STFT and digital filtering
methods, the signal of the sand impacting the pipe
wall and the signal of the fluid flow impacting the
pipe wall were effectively distinguished in the fre-
quency domain. The recognition ability of the weakly
excited vibration signals of the sand particles in the
fluid stream was enhanced. The sand vibration signal
was successfully extracted from the background noise
of the sand-carrying fluid

(2) By analyzing the signal characteristics of sand-
carrying fluid flow with different sand contents,
particle sizes, and flow velocities, the characteristic
frequency band of the vibration signal of the sand
impacting the pipe wall was determined to be 30-
50 kHz. The characteristic law of the vibration signal
excited by changes in the sand content, particle size
distribution, and flow velocity was analyzed and eval-
uated. The time-frequency dynamic response excited
by the change in the sand content increased as the
sand content increased. The time-frequency dynamic
response energy excited by the particles increased as
the particle size increased. The time-frequency
dynamic response excited by changes in the flow rate
increased as the flow rate increased

(3) The sand production exhibited a good correlation
with the power spectrum amplitude of the sand
production monitoring signals. A sand production
calculation model for oil wells was established, and
a set of sand production monitoring software systems
with multichannel sand production dynamic moni-
toring functions was compiled. Through the sand
production monitoring experiment of 4 oil produc-
tion wells, the reliability of the sand production mon-
itoring method based on the vibration signal
characteristics of the sand-carrying fluid flow was
verified, and theoretical and technical support for
the industrialization of oil well sand production
monitoring was provided
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