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PATENT APPLICATION

VIRTUAL MULTIPHASE FLOWMETER SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present document is based on and claims priority to U.S. Application
Serial No.: 16/519,481, filed July 23, 2019, which is incorporated herein by reference in

its entirety.

BACKGROUND

[0002] In a variety of well applications, a wellbore is drilled into a subterranean
formation containing a reservoir of hydrocarbon fluids, e.g. oil and natural gas. Various
well treatment operations may be performed to enhance production of the hydrocarbon
fluids. Additionally, well completions and other types of well equipment may be
deployed downhole or downstream to facilitate production. The well equipment may
include downhole, downstream, and surface sensors to obtain data on parameters related
to formation conditions and/or fluid flow. For example, multiphase flowmeters may be
used to determine data on the phases of the hydrocarbon fluid being produced. However,
existing multiphase flowmeters can be expensive and may have limitations with respect

to obtaining real-time data in certain well operations.
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SUMMARY

[0003] In general, a system and methodology are provided for monitoring fluid
phases of a multiphase flow during, for example, well fluid production operations.
According to an embodiment, data may be obtained from devices, e.g. a flow restriction
system with pressure sensors or other suitable sensors, located downstream, downhole, at
the surface, and/or at other suitable locations along the fluid flow. This data is then
processed to identify phases of the multiphase well fluid flow. The use of data from such
devices effectively establishes a virtual multiphase flowmeter. However, the output from
the virtual multiphase flowmeter may be calibrated periodically by taking measurements
from an actual multiphase flowmeter. In some embodiments, the data from a plurality of
flowmeters having differing physical operating principles may be correlated in a manner

to obtain additional parameters related to the multiphase well fluid flow.
[0004] However, many modifications are possible without materially departing
from the teachings of this disclosure. Accordingly, such modifications are intended to be

included within the scope of this disclosure as defined in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Certain embodiments of the disclosure will hereafter be described with
reference to the accompanying drawings, wherein like reference numerals denote like
elements. It should be understood, however, that the accompanying figures illustrate the
various implementations described herein and are not meant to limit the scope of various

technologies described herein, and:

[0006] Figure 1 is a schematic illustration of an example of a virtual multiphase

flowmeter, according to an embodiment of the disclosure;
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[0007] Figure 2 is a flow map illustrating an example of data collection and
operation of the virtual multiphase flowmeter, according to an embodiment of the

disclosure; and

[0008] Figure 3 is a schematic illustration of an example of a correlation
technique for utilizing data obtained from different types of flowmeters to determine flow
related parameters of a multiphase well fluid flow, according to an embodiment of the

disclosure.

DETAILED DESCRIPTION

[0009] In the following description, numerous details are set forth to provide an
understanding of some embodiments of the present disclosure. However, it will be
understood by those of ordinary skill in the art that the system and/or methodology may
be practiced without these details and that numerous variations or modifications from the

described embodiments may be possible.

[0010] The disclosure herein generally involves a system and methodology to
help monitor fluid phases of a multiphase flow during, for example, well fluid production
operations. According to an embodiment, data may be obtained from devices, e.g. a flow
restriction system with pressure sensors or other suitable sensors, located downstream,
downbhole, at the surface, and/or at other suitable locations along the fluid flow.
Examples of flow restrictions include chokes, valves, and elbows. The devices selected
may be components which are already part of the well completion or other downhole
equipment. Data obtained from this equipment may be processed in a manner to provide

accurate phase data with respect to the phases of a multiphase well fluid being produced.

[0011] Use of data from such devices/equipment effectively establishes a virtual

multiphase flowmeter. However, the output from the virtual multiphase flowmeter may
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be calibrated periodically by taking measurements from an actual multiphase flowmeter.
In some embodiments, the data from a plurality of flowmeters having differing physical
operating principles may be correlated in a manner to obtain additional information, e.g.

additional fluid parameters, related to the multiphase well fluid flow.

[0012] The virtual multiphase flowmeter provides an economical approach for
obtaining multiphase flow measurements by utilizing relatively inexpensive equipment
and/or equipment that may already be installed downhole. Periodic calibration may be
obtained via various multiphase flow meters such as the Vx Spectra multiphase
flowmeter available from Schlumberger. Such a multiphase flowmeter may be connected
in line to determine, for example, the oil/water/gas/chemical/other constituent mixture
composition. The information/data obtained by the multiphase flowmeter may be
processed via, for example, choke sizing software to insure the virtual multiphase
flowmeter is accurately calibrated. When accurately calibrated, the virtual multiphase
flowmeter is able to determine accurate phase data on the multiphase flow rate in real
time based on data obtained from the devices/equipment. Examples of data obtained
from the devices/equipment may include valve pressure drops and valve opening
positions for a valve or other flow restrictions disposed along a flowline of the multiphase

well fluid.

[0013] Additionally, economic sensors such as conductivity sensors or
downstream temperature sensors may be employed to help monitor composition of the
flowing multiphase well fluid in addition to or in the absence of the periodic multiphase
flowmeter. These types of sensors may be part of the well equipment or may be added to
the flowline along which the multiphase well fluid flows. The data from such sensors
may be used alone to help confirm or increase the accuracy of the virtual multiphase
flowmeter; or such sensors may be used in combination with the periodic use of the

conventional multiphase flowmeter.

[0014] In some embodiments, a plurality of flowmeters operating according to

differing physical principles may be deployed along the same flowline. Correlation of
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data from the differing flow meters enables determination of additional parameters, e.g.
salient flow-related physical properties. Examples of such flow-related physical
properties include thermal properties, conductivity properties, viscosity properties,
density properties, hydrocarbon chemical structure properties, and identification of

flowing matter properties.

[0015] Referring generally to Figure 1, an example of a virtual multiphase
flowmeter 20 is illustrated. In this example, the virtual multiphase flowmeter 20
incorporates devices, e.g. elements/components, of a well system 22 used for producing
hydrocarbon-based fluids from a well 24. As illustrated, the well 24 may comprise a
wellbore 26 from which multiphase well fluids are produced up through a flow line 28
which may deliver the well fluid through a Christmas tree 30. A plurality of valves 31

may be positioned along the flowline 28 within and/or upstream of the Christmas tree 30.

[0016] The virtual multiphase flowmeter 20 may incorporate a variety of
elements/components to obtain data which may be processed on a processing system 32
to determine phase related data regarding the various phases of the produced, multiphase
well fluid. The processing system 32 may be a computer-based processing system
utilizing appropriate software 34, such as choke sizing and configuration (CSCP)
software. The processing system 32 also may comprise data input features 36 which may
incorporate a keyboard, touchscreen, or other suitable input device. Additionally, the
processing system 32 may comprise a display 38 for displaying data regarding the

various phases of the multiphase fluid.

[0017] By way of example, the elements/components of the virtual multiphase
flowmeter 20 may comprise a flow restriction 40, e.g. a choke, valve, or elbow, which
may be used to obtain a bulk flow measurement. Furthermore, the flow restriction 40
may be positioned in the Christmas tree 30 or at another suitable positions along the flow
line 28. The flow restriction 40 includes a suitable sensor or sensors 42 to enable, for
example, bulk flow measurement. This information is provided to the processing system

32 which uses software 34 to process the bulk flow data for determining phase related
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data with respect to the well fluid. By way of example, the sensors 42 may include
pressure sensors upstream and downstream of a flow restricted area 43, e.g. a Venturi
area. Sensors 42 also may comprise temperature sensors, flowrate sensors, and other

types of sensors.

[0018] A variety of additional sensors 44 also may be positioned along the flow
line 28 and data from these additional sensors 44 may be combined with data from the
flow restriction 40 to further enhance accurate determination of phase data. By way of
example, the additional sensors 44 may comprise conductivity sensors, temperature

sensors, pressure sensors, and/or other suitable sensors.

[0019] In the embodiment illustrated, the flow line 28 is coupled with a bypass
line 46. A multiphase flowmeter 48 may be connected along the bypass line 46. Flow
along the flow line 28 and bypass line 46 may be controlled via valves 50. The
multiphase flowmeter 48 may be a currently available multiphase flowmeter such as the
Vx Spectra multiphase flowmeter available from Schlumberger. The multiphase
flowmeter 48 may be used periodically for periodic calibration of the virtual multiphase
flowmeter 20. By way of example, a conventional flowmeter 48 may be periodically

coupled into bypass line 46 via couplers 52.

[0020] Depending on the components used in virtual multiphase flowmeter 20,
the software 34 may be programmed to enable use of valves or other flow restrictions 40
as differential pressure flowmeters. The output from virtual multiphase flowmeter 20
may be checked/improved via periodic use of multiphase flowmeter 48. For example, the
multiphase flowmeter 48 may be connected/used periodically, e.g. every month, every

three months, every six months, or other suitable period or timeframe.

[0021] In some embodiments, the conventional multiphase flowmeter 48 (or an
interim separator) may be added temporarily to the bypass line 46 to determine, for
example, the oil/water/gas/chemical/other mixture composition. This data may be

processed via software 34 to ensure accurate operation of the virtual multiphase
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flowmeter 20. For example, the data may be used to ensure accurate determination of the
multiphase fluid flow rate based on the pressure drop of the flow restriction 40 and the
opening position of the flow restriction 40 (virtual multiphase flowmeter 20 is enabled

via data from the flow restriction 40).

[0022] In this manner, the virtual multiphase flowmeter 20 may be used to
provide real-time output data regarding phases of the multiphase fluid flow. The
additional sensors 44, e.g. economic sensors such as conductivity or downstream
temperature sensors, may be used to further monitor fluid composition. The additional
sensors 44 may be employed along with the multiphase flowmeter 48 or in the absence of

the multiphase flowmeter 48.

[0023] Effectively, the flow restriction 40 serves as a choke which may be used as
a bulk flow measurement device in combination with software 34 to provide the virtual
multiphase flowmeter 20. Referring generally to Figure 2, a flow map is provided to
show the types of data input to the virtual multiphase flowmeter 20 and the processing of
such data via software 34 to provide desired outputs. As illustrated, various inputs may
be supplied to processing system 32 and software 34, e.g. inlet and outlet pressures at
flow restriction 40, temperatures at the inlet and/or outlet of flow restriction 40, fluid
composition, valve trim properties and opening position (if flow restriction 40 is a valve).

The possible phases also may be entered, such as oil, gas, water, or other phases.

[0024] Additionally, the software 34 may be programmed with the choking
properties of each phase as well as the flow capacity of flow restriction 40, e.g. valve
capacity. The processing system 32/software 34 also may be supplied with information
such as the density of each phase, the effective multiphase pressure drop, the effective
multiphase density, and the effective multiphase flowrate. With this information, the
software 34 may be used to output desired parameters/information regarding the phases
of the multiphase fluid flow in real-time. Examples of such outputs include the master

volumetric flow rate of each phase, e.g. each oil/water/gas/other type of phase.
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[0025] It should be noted that correlation of a plurality of flowmeters 48 of
differing physical principles (positioned on the same flowline) enables determination of
salient flow physical properties, e.g. thermal conductivity properties, viscosity properties,
density properties. By way of example, the flowmeters operating according to differing
physical principles may comprise thermal flowmeters, ultrasonic flowmeters, Coriolis

flowmeters, pressure drop flowmeters.

[0026] When using a plurality of flowmeters 48, the flow rate reading from the
plurality of flowmeters should be the same if on the same flowline (or the readings
should make sense given the position of the flowmeters on a network diagram, e.g. on a
fork). Correlating the flow meter readings enables determination of salient physical
properties, e.g. properties such as density, molecular weight, composition, and type of

constituent. Such correlation techniques may be used on gas, liquid, or multiphase fluid.

[0027] Referring generally to Figure 3, a schematic example is illustrated
showing a first flowmeter 54 and a second flowmeter 56 operating on differing physical
principles. The flowmeters 54, 56 may be used to enable economical determination of
salient gas properties (or other phase properties). Depending on the embodiment, the
flowmeters 54, 56 may use two flowmeters, e.g. two conventional flowmeters 48,
positioned in series along flowline 28; or the flowmeters 54, 56 may be established by the
addition of a flowmeter before or after an existing flow restriction type flowmeter, e.g.

flow restriction 40.

[0028] For example, the first flowmeter 54 may be in the form of flow restriction
40 (combined with sensor or sensors 42) and the second flowmeter 56 may be another
flowmeter such as conventional flowmeter 48. According to an embodiment, the second
flowmeter 56 may be used to determine a gas flow rate in either mass per unit time or
volume per unit time. Additionally, the natural physical equations for turbulent flow
through the first flowmeter 54, e.g. flow restriction 40, allows the measured flowrate data

to derive a gas density. Knowing the density, pressure, and temperature of the gas allows
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derivation of its molecular weight, thereby yielding information on its chemical

composition, e.g. methane CH4 or propane C3HS, and value.

[0029] In Figure 3, the standard equations 58 provide an example of formulas
which may be used by processing system 32 to determine, for example, density,
molecular weight, and hydrocarbon chemical composition. In the equations 58:

Q is flowrate;

A is flow section area;

P is pressure;

p is density;

Z 1s compressibility factor;

R is gas constant;

T is temperature;

MW is molecular weight; and

n is hydrocarbon chemical composition.

It should be noted the flow of fluid, e.g. gas, may be in either direction through the
flowmeters 54, 56.

[0030] The virtual multiphase flowmeter 20 provides a low-cost approach to
obtaining at least qualitative measurement of a multiphase fluid. Such measurements
may be obtained in real-time which helps optimize production from a well. The
measurement information also can be used to provide alerts with respect to undesirable
production profiles arising at a given well and/or to identify appropriate chemical

injection treatments and other activities to enhance well fluid production.

[0031] In some embodiments, the use of a plurality of flowmeters also provides
an economical approach for determining parameters/characteristics such as gas density,
molecular weight, and hydrocarbon chemical composition. The information obtained
may be used for condition monitoring, flow assurance, enhanced oil recovery, gas lift,
and/or enhanced physical measurement. The dual flowmeter methodology enables

determination of gas flow density cheaply and robustly. For example, when gas flow is
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measured with an installed volumetric flowmeter, e.g. ultrasonic flow meter, use of the
second flowmeter enables determination of mass or standard temperature and pressure
(STP) flowrate. In some embodiments, a mass flowmeter may be installed, e.g. a
Coriolis flowmeter, and the use of the second flowmeter enables determination of actual
volumetric flow rate. Such combined use of flowmeters may also be employed as a
backup system for flow measurement in the event of the volumetric/mass flowmeter

failing, thus increasing system reliability.

[0032] The components of virtual multiphase flowmeter 20 and well system 22
may have a variety of configurations. For example, the flow restriction 40 may be in the
Christmas tree 30, downstream of the Christmas tree 30, or at another suitable location.
Additionally, the bypass line 46 and multiphase flowmeter 48 may be positioned at
various locations along flowline 28. The additional sensors 44 also may be at a variety of

suitable locations, e.g. locations upstream and/or downstream of flow restriction 40.

[0033] Although a few embodiments of the disclosure have been described in
detail above, those of ordinary skill in the art will readily appreciate that many
modifications are possible without materially departing from the teachings of this
disclosure. Accordingly, such modifications are intended to be included within the scope

of this disclosure as defined in the claims.
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