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(57) Appareil (100) pour s€parer au moins un premier
composant (p. ex., un liquide, etc.) d'un deuxieme
composant (p. €X., un gaz ou une vapeur, etc.) d'un fluide
polyphasique pendant un ¢coulement non 1deal tel
quune operation d'ecoulement a bouchons. L'appareil
(100) comprend geénc€ralement un premier trongon de
ligne (111) raccorde en tangente a la ligne d'entrée de
I'écoulement (105) et un deuxieme troncon de ligne
(117) couplée en série au premier troncon (111). Le
deuxieme tronc¢on de ligne (117) comprend une partie
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(57) The mmvention provides an apparatus (100) for
separating at least a first component (e.g., liquid, etc.)
from a second component (e.g, gas or vapor, etc.) from a
multiphase fluid during non-ideal flows such as plug
flow operation. The apparatus (100) generally has a first
line section (111) tangentially connected to the mlet flow
lime (105) and a second line section (117) coupled 1n
series to the first lmme section (111). The second line
section (117) mcludes an upper portion and a lower
portion, which are respectively coupled to an upper
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superieure et une partie nferieure, qui  sont
respectivement couplees a une partie superieure et a une
partic 1nférieure du premier tron¢on. Le premier
composant est retir¢ en utilisant une ligne d'évacuation
gazeuse (119) raccordée au deuxieme troncon de ligne
(117). Un troncon de ligne dans une large mesure
horizontal (121) raccord¢ ¢galement au deuxieme
troncon (117) retire essentiellement des lhiquides du
deuxieme troncon (117).
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portion and a lower portion of the first line section. The
first component 1s removed using a gas discharge line
(119) connected to the second line section (117). A
substantially horizontal line section (121) also connected
to second line section (117) removes substantially
liquads from the second line section (117).
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MULTIPHASE FLOW MEASUREMENT
ABSTRACT OF THE DISCLOSURE

The invention provides an apparatus (100) for separating at least a first
component (e.g., liquid, etc.) from a second component (€.g, gas or vapor, etc.) from
a multiphase fluid during non-ideal flows such as plug flow operation. The apparatus
(100) generally has a first line section (111) tangentially connected to the inlet flow
line (105) and a second line section (117) coupled in series to the first line section
(111). The second line section (117) includes an upper portion and a lower portion,
which are respectively coupied to an upper portion and a lower portion of the first
line section. The first component is removed using a gas discharge line (119)
connected to the second line section (117). A substantially horizontal line section

(121) also connected to second line section (117) removes substantially liquids from

the second line section (117).

16262\2-1.APP



10

15

20

235

30

CA 02217663 2000-11-02

Attorney Docket No. 16262-000210

MUILTIPHASE FLOW MEASUREMENT METHOD AND APPARA

BACKGROUND OF THE INVENTION
The present invention relates to the field of multiphase flow
measurement. The invention 1s 1illustrated in one example with regard to the
measurement of multiphase flow for a petroleum fluid, but it will be recognized that
the invention will have a wider range of applicability. Merely by way of example,

the invention may be applied in the food processing industry, measurement of wet

steam, and others.

Industry utilizes or has proposed several methods to measure the
production of individual oil wells. The conventional approach is to use a three-phase
or two phase separator to separate the multi-phase fluid mixture into distinctive
phases. In the case where a three-phase separator is employed, three separate
outgoing streams (gas, water, and oil/water emulsion) are produced. Separate flow
meters measufe the respective flow rates of the outgoing streams of oil, water, and
gas. An on-line "cut” meter determines the water content of the emulsion stream.

The two-phase separator operates similarly to the three-phase separator except that

the free water stream is omitted.

These test separators are relatively large in physical size, expensive to
construct, and require an abundance of ancillary pressure control and flow regulating
equipment. Accordingly, users of this approach do not provide the separators for an
individual oil well. Instead, a single test separator services a group of wells. Each
individual well is placed "on test" for a relatively short period of time, and its
production is determined. After the well is removed from test, it is assumed that the
production from the well does not vary substantially until the well is again placed on

test.

Accordingly, a pioneering approach was developed by Ke-Tien Liu

described in U.S. Patent No. 5,390,547, entitled MULTIPHASE FLOW
MEASUREMENT (hereinafter "Liu").




10

15

235

30

CA 02217663 2000-11-02

L §

2

Liu describes a technique for measuring flow rates for a mulitiphase
fluid flow for continuously and respectively measuring the quantities of one gas and
one or two liquid components flowing concurrently in a common pipeline.

In Liu. the mixwre delivered by a feed pipeline is separated into two
separate streams of gas and liquid by a novel piping configuration. The system then
measures the flow rate in each stream individually. If there are multiple liquid
components 1n the liquid phase, an on-line liquid fraction meter determines the
proportion of each liquid component. The piping system then combines the two flow
streams to a common discharge pipeline. Thus. Liu provides a technique to
determine respective flow rates in a multiphase fluid flow system that is continuous
and accurate using an apparatus, which is compact. low cost, reliable. and requires
little maintenance. This technique has been quite effective in the measurement of the
production of petroleum products, e.g., oil. gas, etc.

Severe slug flow conditions, however, often cause additional
difficulties in measuring multiphase fluid flow. Slug flow commonly occurs in most
typical oil/gas production operations. In these operations, slug flow can occur as the
production fluids (e.g., oil, gas, water, etc.) emerge from the bottom of the oil well
and flow into the wellhead under a variety of circumstances. Slug flow can also
occur during the transportation of fluid through a hilly terrain. During slug flow, the
Instantaneous flow rate of the fluid in the surface flow line can be as much as several
times greater than the average flow rate. In most cases. slug flow prevents

conventional techniques from measuring flow rates accurately.

One measurement device in a muitiphase metering system is the liquid
fraction meter that measures the proportion of liquid components, such as oil and
water, in the liquid phase. Using crude oil production measurement as an example,
the water fraction meters include those based on capacitance measurement.
microwave techniques, and density difference principles. Regardless of what type of
water fraction meters are used, their performances are affected by such factors as
crude oil type, temperature, pressure, salinity of produced water, etc. These process

conditions often vary from time to time. Therefore. 1o obtain the most accurate

measurement, the water fraction meter must be calibrated frequently.

. PEETP TR T Ry Sy e PP o~ g i,
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Conventionally, these types of meters are calibrated off-line, that is, the meter is
Isolated or removed from the process environment, then the meter is calibrated with
known, well characterized standard fluids. Accordingly, off-line calibration is
generally tedious, time-consuming, costly, and prone to making mistakes.

From the above it is seen that a continuous and accurate multi-phase

flow measurement apparatus that is compact, low cost, reliable, and requires little

maintenance is desired.

SUMMARY OF THE INVENTION

The present invention provides a technique including a method and
apparatus for multi-phase fluid flow. The technique provides a method and apparatus
tor separating a gas from a liquid during non-ideal conditions, e.g., slug flow. etc.
The technique also provides a method and apparatus for providing on-line calibration
of a liquid fraction meter such as a water cut analyzer and the like.

In a specific embodiment, the present invention provides an apparatus
for separating at least a first component (e.g., liquid, etc.) from a second component
(e.g, gas or vapor. etc.) from a multiphase fluid. The apparatus generally has a first
line section (or pipe section) tangentially connected to the inlet flow line (or pipe
section) and a second line section coupled in series to the first line section. The
second line section includes an upper portion and a lower portion, which are
respectively coupled to an upper portion and a lower portion of the first line section.
The first component is removed using a gas discharge line connected to the second
line section. A substantially horizontal line section also connected to second line
section removes substantially liquids from the second line section.

In another aspect, a method for separating a first component and a
second component in a multiphase fluid is provided. The method includes providing
a multiphase fluid comprising a first component and a second component into a first
Chamber and separating a first portion of the first component from a second portion

of the first component. A step of combining the first portion of the first component

with the second portion of the first component in a second chamber is included. The

method then has a step of separating a substantial portion of the second component
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from the first component in the second chamber and separating any remaining portion of
the second component form the first component in a substantially horizontal line coupled
to the second chamber, while maintaining a relatively constant liquid level in the
substantially horizontal line. A further step of measuring a flow rate of the first
component is then included.

In yet another embodiment, a technique for calibrating a liquid fraction meter 1s
provided. This technique includes steps of introducing a first component comprising a
water based phase and a petroleum based phase into a sample accumulator and
separating the water based phase from the petroleum based phase, while monitoring a
liquid level corresponding to the water based phase, until a selected liquid level is
achieved. The technique then removes the water based phase form the chamber and
measures a signal from the water based phase in a liquid fraction meter, e.g., a water

fraction analyzer. The signal is used to calibrate the water cut analyzer.
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This invention provides an apparatus for separating at least a first component
from a second component from a multiphase fluid, said apparatus comprising:

an inlet flow line;

a first line section tangentially connected to said inlet flow line, said first line
section including an upper portion and a lower portion;

a second line section coupled in series to said first line section, said second line
section including an upper portion and a lower portion, said upper portion of said
second line section being coupled to said upper portion of said first line section, said
lower portion of said second line section being coupled to said lower portion of said first
line section;

a gas discharge line connected to said second line section; and

a substantially horizontal line section connected to said second line section.

This invention also provides a method for separating and measuring flow of a
multiphase fluid, said method comprising:

providing a multiphase fluid comprising a first component and a second
component into a first chamber;

separating a first portion of said first component from a second portion of said

first component,

combining said first portion of said first component with said second portion of

said first component in a second chamber;

separating a substantial portion of said second component from said first

component in said second chamber;

separating any remaining portion of said second component from said first
component in a substantially horizontal line coupled to said second chamber, while
maintaining a relatively constant liquid level in said substantially horizontal flow line;

and

measuring a flow rate of said first component.
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This invention also provides a method for separating and measuring multiphase
flow, said method comprising:

providing a multiphase fluid comprising a gas phase and a liquid phase, said
liquid phase comprising a water based phase and a petroleum based phase;

3 separating said gas phase from said liquid phase in a chamber;

separating said water based phase from said petroleum based phase, while
monitoring a liquid level corresponding to said water based phase, until a selected liquid
level is achieved;

removing said water based phase from said chamber; and

10 measuring a signal from said water based phase in a water cut analyzer.

A further understanding of the nature and advantages of the invention will

become apparent by reference to the remaining portions of the specification and

drawings.
15
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a simplified diagram of a multi-phase metering system according to the
present invention; and
Fig. 1A is a more detailed view of the pipe of Fig. 1.
20

DESCRIPTION OF SPECIFIC EMBODIMENTS
General Hardware Configuration
Fig. 1 is a simplified diagram of a multiphase system 100 according to the
present invention. This multiphase system is merely an illustration and should not limit
25 the scope of the claims defined herein. One of ordinary skill in the art would recognize
other variations, modifications, and alternatives to this system.

The multiphase system 100 generally includes a gas eliminator assembly 107, a

liquid level control mechanism 104, gas discharge lines 199, 123,

30
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145. a gas flow meter 125, a hquid discharge line 129, a liquid flow meter 135, a
liquid fraction meter system 150, and other elements. Generally, the gas eliminator
assembly 107 separates the liquid and gaseous components from a muitiphase
petroleum production stream 101. The gas flow meter 125 measures the gas flow
rate, while the liquid flow meter/liquid phase fraction meter measures respective

liquid flow rates. These streams are recombined and discharged back into the

production flow line 131.

In one specific embodiment, a multiphase petroleum production stream
flows from production flow lines 101, 103 to an iniet pipe 105, where the
longitudinal axis of the inlet pipe can be angled or substantially horizontal to the gas
eliminator assembly 107 depending upon the application. The 1nlet pipe 1035 is

tangentially connected to the first vertical pipe section 111 of the gas eliminator

assembly.

In one embodiment, the 1nlet pipe is angled downward to direct fluid
flow towards the gas eliminator assembly 107. This tends to enhance separation of
the gas and liquid phases and cause the heavier components (e.g, liquid, etc.) of the
multiphase fluid stream to flow toward the bottom, while the lighter components
(e.g., vapor, gas, etc.) separate from these heavier components and rise toward a top
portion of the gas eliminator assembly 107. The angle O ranges from about 45° to

about 90°. Of course, the angle can be adjusted for the application.

The gas eliminator assembly includes at least two substantially vertical
pipe sections 111, 117 (parallel to the direction of gravity) and at least two pipe
sections 113, 1135, connecting the two vertical pipe sections 111, 117 together. In
one embodiment, the pipe section 113 is connected downward and tangentially to the
second vertical pipe section 117 at an angle ¢ ranging from about 45° to 90°. Of
course, the angle can be adjusted for the application. Additionally, aithough this
system uses two vertical pipe sections, more than two sections can be used. In other
embodiments, more than two horizontal pipe sections also may be used depending
upon the application. In yet other embodiments, the vertical pipe sections can be at

angles, which are generally directed towards the direction of gravity. That is, the

vertical pipe sections do not need to be completely parallel to the direction of gravity.
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A substantially horizontal pipe section 121 is attached to a middle
portion of the vertical pipe section 117. The cross-section (e.g., diameter, length,
etc.) of the vertical pipe section can be the same as or different from the cross-section
of the horizontal pipe section, depending upon the application.

In most embodiments, the entire gas eliminator assembly is constructed
with commercial grade steel pipes and fittings. The cross-section of the gas
eliminating pipe assembly is often larger than that of the inlet pipe 105, and its
absolute size will depend heavily on the application.

A first gas discharge pipe 119 connects to an upper portion of the
vertical pipe section 117 of the gas eliminator assembly. A second gas discharge pipe
123 connects an upper portion of the horizontal pipe section 121 of the gas eliminator
to the first gas discharge pipe 119.

A conventional gas flow meter 125, such as an orifice meter, a turbine
meter, or a vortex shedding meter, is located in the gas discharge pipe 119. The gas
flow meter measures the amount of gas, which flows from the gas discharge line. Of
course, the flow meter used will depend upon the application.

Liquid level in the horizontal pipe section 121 is maintained at a
relatively constant ievel with a level control assembly 104, including a liquid level
sensing device 139, a transducer 137, a controller 141, and a control valve 127
located 1n the gas flow line 145 downstream of the gas flow meter 125.

In a preferred embodiment, the system includes an on-line calibrating
liquid fraction meter system 150 in the flow stream. The liquid fraction meter system
can accurately determine the relative content of a first component to a second
component 1in the liquid and calibrate itself "on-line". An example of these
components would include water as the first component and a petroleum product such
as crude o1l as the second component. The liquid fraction meter system 150 includes
elements such as a sample accumulator 151 (or separation chamber), a first liquid
discharge line 153, a flow meter 135, interface level probes 158, 159, and 163, a
liquid level probe 160, a programmable logic controller 141, a liquid fraction

analyzer 133, valves 155, 157, 171, and others.
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The sample accumulator 151 is located downstream on the horizontal
pipe section 121 and is used to separate the first component from the second
component via gravity. That is, two separable components, such as a petroleum
product and water, separate in the sample accumulator via differences in specific
gravity. The sample accumulator 151 is a vertical section of pipe (or vessel), which
1s connected to the horizontal pipe section 121 at one end and is connected to a
second liquid discharge line 143 at the other end.

The interface probes 158 and 159 in the sample accumulator 151 and
the nterface probe 163 in the pipe section 153 are used to detect the interface level of
the heavier liquid component (such as water) and the mixture of both liquid
components (such as oil/water emulsion) or the lighter liquid component. An
example of such interface probe is the capacitance level probe manufactured by
Endress +Hauser or Drexelbrook Engineering, but can be others. The liquid level
probe 160 1s capable of detecting gas/liquid level in the sample accumulator. An
example of such device is the ultrasonic level probe manufactured by
Endress +Hauser, but can be others.

The 1nterface level probe 159 monitors the required level of either the
first component or the second component, while the control valve (or block valve)
155 1s shut. The control valve 155 is located between the lower portion of the
separation chamber 151 and the second liquid discharge line 143. Further details
with regard to the separation technique will be discussed below.

Running parallel with the sample accumulator 151 is the first liquid
discharge line 153. The first liquid discharge line connects the horizontal pipe
section 121 to the second liquid discharge line 143. A control valve (or block valve)
157 1s located between the first 153 and second 143 liquid discharge lines.

A conventional liquid flow meter 135, such as a turbine meter, a
positive displacement meter, or a Coriolis mass flow meter connects to second
discharge line 143, which measures the flow rate of the liquid mixture stream. A
liquid fraction meter 133 connects downstream of the liquid flow meter 135. A

temperature sensor 161 is located near the liquid fraction meter 133.
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In an oil production flow line, the liquid fraction meter 1s commonly
referred to as a "water fraction analyzer”. Examples of some of the water fraction
analyzer include those based on capacitance measurement, miCrowave measurement.
radio frequency energy absorption, and density differenual principles. When a
Coriolis force flow meter is employed as a liquid flow meter, 1t can simultaneously
serve as a water cut analyzer because this type of flow meter also provides density
measurement of the liquid mixture, as described in U.S. Patent Nos. 4,773,257 and
4,689,989

After exiting from the liquid fraction meter 133, the liquid mixture
flows upwardly through a riser pipe 129 and combines with the gas flowing from a
gas outlet pipe 145. The recombined multiphase stream 1s discharged through a
horizontal flow pipe 130. The longitudinal axis of pipe 130 is higher than the liquid
flow meter 135 and water cut meter 133 to keep these instruments liquid-filled at
substantially ali times.

The system ts monitored by and/or controlled by a master controller
141. The master controller can be any suitable programmable logic controller (PLC),
personal computer, or equivalent. It may regulate flow into/out of the system and
monitor/calculate relative flow rates, combined flow rates and other data. The master
controller may take any one of a variety of forms including, for example, an
appropriately controlled microprocessor, dedicated hardware, or the like. In some

embodiments, the master controller may also perform operations such as cumulative

volume calculation, data recordation, and data transmission to a remote site.

The hardware 1s merely an example of the present invention. Other
hardware configurations can be used depending upon the specific application. For
Instance, the present gas eliminator assembly can be applied to wet steam
measurement and others. Of course, one of ordinary skill in the art would recognize

other variations, modifications, and alternatives to the embodiments shown above.

Genperal Process Operation
The process operation that will be described is merely a simplified

example according to the present invention. This process operation should not limit

$ b N Tt Rt e e dner e sy B T e .
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the scope of the claims defined herein. One of ordinary skill in the art would
recognize other variations, modifications, and alternatives to this system:.

In operation, muitiphase fluid enters inlet line 101, traverses upwardly
through line 103, and enters the gas eliminator assembly 107 through inlet line 105.
As the multiphase fluid enters into the gas eliminator assembly, most of the large gas
bubbles separate from the liquid, move upward, and eventually exit through line 113
to the gas discharge line 119. The tangential entry design of the inlet pipe 105 causes
the incoming multiphase fluid mixture to be directed into the liquid in the lower
portion of the vertical pipe section and "swirl". This swirling action tends to enhance
the separation of the liquids from the gases in the muitiphase fluid.

In slug flow operation, a large volume (e.g., about two times greater
or more of the average flow rate, etc.) of multiphase fluid enters an upper portion 111
of the vertical pipe section. As this large volume of muitiphase fluid enters this pipe
section, some of the large gas bubbles separate from the liquid, move upward and
across through the horizontal pipe section 113 into the second vertical pipe section
117. A certain amount of liquid, however, also would be carried upward with gas
bubbles through the pipe section 113.

As this carried-over liquid enters the second vertical pipe section 117,
substantially all of the liquid separates from the gas in the second vertical pipe section
and enters the horizontal pipe section 121. In this second vertical pipe section 117,
the liquid gets another chance to separate from the gas phase. In conventional gas
eliminator assemblies, the liquid would carry over into the gas discharge line 119,
which 1s clearly undesirable for purposes of separating liquids from gases in the
mulitiphase fluid.

The pipe section 113 (or upper pipe section) tangentially connects to
the second vertical pipe section 117 at a slight downward angle from the horizontal.
T'his downward angle tends to direct the liquid toward the horizontal pipe section
121, allowing gas to rise up through the gas discharge line 119. This angle ranges
from about 45° to about 90°. Preferably the angle is about 60° to 70°. Of course,

the angle used depends upon the application.
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A certain amount of smail gas bubbles, however, will often not be
etfectively separated with these features alone. These small gas bubbles are carried
downward by the liquid stream in the first vertical pipe section 109, pass through the
U-shaped pipe section 1135, and flow into the horizontal pipe section 121 of the gas
eliminator assembly.

The horizontal section of the gas eliminator provides a desirable
environment for these small gas bubbles to be effectively and compietely removed
because: 1) the flow stream in this section is smooth and calm (due to its large
diameter); 2) the liquid layer through which the gas bubbles need to rise is thin; and
3) the effective liquid/gas surface area for the gas bubbles to escape 1s large. The
liquid stream 1s essentially gas-free as it 1s discharged from the gas eliminator
assembly.

For applications where more liquid retention tume 1s required to
achieve complete gas removal, such as in situations where gas bubbles are very small
or liquid viscosity 1s very high, a long length of the horizontal section can be used
with minimum incremental cost. There i1s virtually no restriction regarding the
length, the layout and the configuration of the horizontal section. The horizontal
section can be constructed in a straight line, or in looping or serpentine configurations
to preserve space. The length can also be from 1 to 200 feet, but preferably between
10 to 60 feet 1n typical oil field operations.

Alternatively, the following design guideline provides a minimum

length (L_, ) of the horizontal section:

Lon = V t,, (1)
where v is the velocity of the liquid in the horizontal section and t,s 1S the gas bubble

rising time. Stoke's Law estimates the gas bubble rising time as follows:

Hpy,
t .=4.664 x 10% ————
gas d2 (2)

lig “gas
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where: Cqas time for the gas bubble to rise from the bottom ot the pipe to

the liquid surface,

H = height of liquid in the horizontal pipe,
Hiiq = viscosity of liquid,

Stiq =  Specific gravity of liquid,

Az = diameter ot gas bubble.

For example, a well producing 1000 barreis of liquid (o1l plus water) per day includes
a 6-inch diameter horizontal pipe and a liquid level controlled at a 4-inch height (i.e.,
H=4 inches). Other process conditions are: liquid viscosity (u;,) at 5 centipoise;
specific gravity of liquid (S;,) at 0.9; and diameter of the smallest gas bubbles at 150
microns. Based on these conditions, liquid velocity (v), is at 0.47 ft/sec, and Stoke's
Law caiculates gas bubble rising time (t,,,) at 46.1 seconds. From the liquid velocity
and gas bubble rising time, the design guideline provides a mimimum length (L) of
the horizontal section at 21.7 feet.

The small gas bubbles separate from the liquid phase 1n the horizontal
pipe section and rise through the second gas discharge line 123. In other
embodiments, the piping structure can inciude more than one gas discharge line
connecting the horizontal pipe section 121 to the gas discharge line 119 for etfective
separation between the two phases. Of course, this wiil depend upon the application.

The liquid level mechanism 127, 137, 139, 141 regulates the liquid level
in the horizontal section at a relatively constant height. The liquid level sensor 139
detects the liquid level in the horizontal pipe. Depending on the liquid level, the
control valve 127 will open or close via the liquid level controller and master
controlier. If the liquid level 1s below the desired set point, the controller 141 sends a
signal to open the control valve 127. If the liquid level 1s higher than the desired set
point, then the valve will partially or completely close. Pressure in the gas space in

the horizontal section will therefore rise slightly, forcing the rate of hiquid discharge

‘to increase thus lowering the liquid level. If the level 1s near the set point, the gas

control valve will be partially open.
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In preferred embodiments, the system uses on-line automatic calibration
for the water fraction analyzer. This on-line calibration of the water fraction analyzer
ensures measurement accuracy of the liquid phases, e.g. petroleum, water. etc. The
water fraction analyzer becomes even more important when the amount of water in
the liquid is relatively large (e.g., more than 80% water), as compared to the
petroleum product such as crude oil, since the crude being produced must be

measured accurately for the efficient production of an 01l well.

In a normal mode of operation, the liquid phase flows through the
horizontal pipe section 121, through the first liquid discharge line 153, through the
second liquid discharge line 143, through the flow meter 135, temperature sensor
161, and the water fraction analvzer 133, before it combines with the gas phase. In
providing this operation, the control valve 155 is closed and control valve 157 is

opened, allowing flow therethrough. Further. control valve 171 1s closed and control

valve 167 is either opened or closed.
To calibrate the water cut analyzer to a dry oil standard, the sample

accumulator 151 must first be purged. In particular, control valve 155 is opened, and
control valves 157, and 167 are closed to force the liquid in the sample accumulator 151
to be purged through liquid discharge pipes 179 and 143. Liquid level in the sample
accumulator decreases as the purging process continues. Liquid purging is stopped
when the liquid level reaches a desired low set point detected by liquid level probe 160.
Control valves 157 and 167 are opened and control valve 155 is closed to allow fresh
liquids to flow from the horizontal pipe section 121 to the sample accumulator 151
through connecting pipe 169. The connecting pipe 169 1s attached to the side of the
horizontal pipe section 121 near the center between the top and bottom of the pipe to
allow more oil or emulsion phase to be withdrawn to the sample accumulator. After the
sample accumulator is filled with liquids, control valves 157 and 167 are closed and
control valve 155 is opened to repeat liquid purging operation. The purging operation
may be repeated several times to ensure the liquids previously accumulated in the

sample accumulator are completely displaced with the fresh liquids.
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After the liquids in the sample accumulator are sufficiently purged,
control vaives 157 and 167 are opened and control valve 155 is closed to resume
operation in the normal mode.

During this time, the separable liquids comprising oil and water in the
sampie accumulator separate from each other via gravity and difference in density.
Being the heavier (or denser) of these two components, water settles to the bottom of
the sample accumulator. Above the water phase is the so called "emulsion” phase.
The water phase is substantially free of oil, but the emulsion phase would contain oil
with a certain amount of water. As time progresses, some or all of the water in the
emuision phase would be separated and settle to the water phase. The interface probe
159 provides indication of the height of the emulsion/water interface.

When the emulsion/water interface in the sample accumulator reaches a
desired high set point detected by the interface probe 158, an electronic signal is sent
from the interface probe to the master controller which opens control valve 155 and
closes control valve 157 simultaneously to allow the water to drain out from the
bottom section of the sampie accumulator. As the water drains, the height of the
emulsion/water interface level decreases and more fresh liquids flow into the sample
accumuiator through connecting pipe 169. When the emulsion/water interface
reaches a desired low set point detected by interface level probe 159, an electronic
signal is sent from the interface probe 159 to the master controller 141 that closes
control valve 155 and opens control valve 157 to stop water draining operations. The
liquids in the sample accumulator is again allowed to stand and consequently the
height of the emulsion/water interface level increases. When the emulsion/water
interface level reaches the desired high set point again (as detected by interface probe
158), water draining operations are repeated. With the repeated water draining
operations, the amount of emulsion phase increases in the sample accumulator.

An alternative water draining method can also be adopted. In this case,
control valve 155 remains closed during the water draining operation. Instead of
draining the water through control valve 155, water is drained through control valve
171 to an external waste liquid collection facility or the like. When the

emulsion/water interface in the sample accumulator reaches a desired high set point
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detected by the interface probe 158, an electronic signal is sent from the interface
probe to the master controller 141 which opens control valve 171 to allow the water
to drain out from the bottom section of the sampile accumulator. As the water drains,
the emulsion/water interface level decreases and more fresh liquids flow into the
sample accumulator through connecting pipe 169. When the emuision/water interface
reaches a desired low set point detected by interface level probe 159, an electronic
signal 1s sent from the interface probe 159 to the master controller 141, that closes
control valve 171 to stop water draining operations. The liquid 1n the sample
accumulator 1s again allowed to stand and the emulsion/water interface level
increases. When the interface level reaches the desired high set point again (as
detected by intertace level probe 158), water draining operations are repeated. With
these repeated water draining operations, the amount of emuision phase increases in
the sample accumulator.

' One criterion to terminate water draining operations may be related to a
condition when the time interval between successive water draining exceeds a
predetermined time period. Of course, the criterion may vary with different
applications.

After a sufficient amount of emulsion phase is accumulated, control valves
157 and 171 are closed, and control valve 155 is opened to allow the emuision phase
In the sample accumulator to flow through liquid discharge line 179, the reference
water cut meter 175, liquid discharge line 143, flow meter 135, temperature sensor
161, and water fraction analyzer 133. Control valve 167 is preferably closed to
prevent the fresh liquids in the horizontal pipe section 121 from flowing into the
sample accumulator during the subsequent calibration steps.

It should be mentioned that the reference water cut meter 175 provides
accurate measurement of water content in the emulsion phase as long as emulsion is
an "oil-continuous” emulsion, a type of oil/water emulsion in which water droplets
are dispersed and surrounded by a continuous medium of oil phase. The oil/water
ernuision resulting from static settling process described herein is typically an oil-
continuous emulsion. Water cut in the oil-continuous emulsion can range from 0O to

about 80 percent, but more typically it ranges from O to about 20 percent. An
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example of the reference water cut meter suitable for measuring oil-continuous
emulsion is the capacitance-type meter manutactured by equipment suppliers such as
Hvdril, Halliburton, or Basic. It should be mentioned that this type of reference
water cut meter is not suitable as a replacement of the water fraction analyzer 133
which requires a full O to 100 percent water cut operating range.

Readings from the reference water cut meter 175, the water fraction
analyzer 133, and temperature sensor are recorded simultaneously at the time when

the emulsion flows through these instruments. The output signal from the water cut

meter 175 is used to calibrate the o1l standard value of the water fraction analyzer

133; that 1s, "zero" the water fraction analyzer. Proper temperature adjustment of the
signals from the reference water cut meter and the water fraction analyzer with the
reading from temperature sensor 161 may be necessary.

In one preferred embodiment. besides being utilized as a flow meter, a
Coriolis meter, such as that manufactured by Micro Motion, Inc. located in Boulder,
Colorado, can also be used as a water fraction analyzer. The operating principle of
this device 1s to utilize the density difference between o1l and water as a mean to
measure water cut. Since the Coriolis meter also measures the combined density of
the oil/water flowing stream, water cut in the oil/water mixture can be deduced when
the densities of the dry oil and water are known. The purpose of the on/line
calibration operation is therefore to determine the densities of the dry o1l and water

prior to performing multiphase flow measurement.

Therefore, in this particular embodiment, Coriolis meter combines the
functionality of flow meter 135, and water fraction analyzer 133 into a single
instrument. For illustration purpose, the Coriolis meter is herein referred to as
component 135. A separate water fraction analyzer designation 133 is therefore not
needed in this case.

Specifically, to perform on-line calibration of a dry oil standard when a
Coriolis meter is employed. the value of the density of the emulsion phase is obtained
from the Coriolis meter 135 at the time the emulsion flows through the Coriolis
meter. Simuitaneously, temperature reading from the temperature sensor 161 is also

recorded. Alternauvely, temperature of the emulsion can also be obtained from a
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temperarture sensor internally incorporated in the Coriolis meter. Further, the signal
from the reterence water cut meter 175 is aiso recorded. The master controller 141
then computes the dry oil density based on the recorded values of emulsion density,
emulsion temperature, water cut in the emulsion as well as density of water, using a
proper computation algorithm. (Note that the on-line determination of water density
will be described later.) The calculated dry oil density 1s then programmed into the
master controller 141 as one of the input parameters for the water fraction analyzer.

On-line calibration of the water fraction analyzer to a dry oil standard 1s now

complete.

During calibration operation, liquid level in the sample accumulator
decreases. When the liquid level reaches a desired low set point detected by liquid

level probe 160, control valves 157 and 167 are opened, and control valve 155

resumes operation 1n the normal mode.

The dry oil calibration procedures may be repeated several times until a
consistent calibration value 1s obtained.

To calibrate the water fraction analyzer to a water standard, the sampie
accumnulator 151 must first be purged. In particular, control valves 155 and
167 are opened, and control valve 157 is closed to allow the fresh hiquids to flow
through sampie accumulator 151. Once the sample accumulator 1s filled with fresh
liquids, control valve 155 1s closed and control valve 157 is opened, to resume
operation in the normal mode. During this time, the separable liquids comprising oil
and water 1n the sampie accumulator separate from each other via gravity and
difference in density. Being the heavier (or denser) of these two components, water
settles to the bottom of the sample accumulator. Above the water layer 1s the so-
called "emulsion” phase as described previously. When the water/emulsion interface
In the sample accumulator rises and reaches a desired level detected by interface level
probe 158, water accumulation operation is compiete.

Control valve 155 1s then opened and control valve 157 is closed,
allowing the water in the sample accumulator, which is substantially free from oil or
o1l/water emulsion, to flow through the flow meter and the water fraction analyzer.

A signal from the water fraction analyzer 133 is noted or stored in the master
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controller 141 at the time when water flows through it. The output signal is then
used to calibrate (or "span") the water fraction analyzer.

In one embodiment where Coriolis meter is used as a flow meter as well
as a water fraction analyzer, on-line calibration to a water standard involves obtaining
density from the Coriolis meter. obtaining temperature reading from either the
temperature sensor 161 or an integral temperature sensor in the Coriolis meter,
correcting water density to a certain reference condition using a proper computation
algorithm, then entering the calculated water density value to the master controller or

other pertinent devices.

Upon compietion, control valve 155 is closed and control valve 157 is
opened. resuming normal operation.

An alternative water accumulation operation uses pipe section 153. rather
than the sample accumulator 151, as a water sample accumulator. In particular, the
system is set to operate in the normal operating mode for a period of time, 1.e.,
control valves 155 and 167 are closed and control valve 157 1s open to allow the
liquid to flow through pipe section 153. Control valves 155 and 167 are then open
and control valve 157 is closed to divert the liquid to tlow through sampie
accumulator 151, and pipe sections 179 and 143, and allow the liquid content in the
pipe section 153 to stand for a period of time. During this time, water settles to the
bottom of pipe section 153 and the water/emulsion interface in this pipe section
continues (o rise as time progresses.

When the water/emulsion interface reaches a high level detected by
interface probe 163, control valve 155 is closed, and control valve 157 1s opened.
allowing the liquid in the pipe section 153, which is substantially free from oil or
oil/water emulsion, to flow through the flow meter and the water cut analvzer. A
signal from the water fraction analyzer 133 is noted or stored in the master controller
or the microprocessor of the water cut analyzer when water flows through it.
The output is then used to calibrate (or “span”) the water cut analyzer.

In one embodiment where Coriolis meter 1s used as a flow meter, as well

as a water cut analyzer, the same calibration procedure described previously is

followed.
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This on-line calibration process is repeated at desired intervals to ensure
that the water cut analyzer is properly calibrated. For instance, this calibration
process can occur daily, weekly, or monthly. Alternatively, the calibration process
can occur at selected times during the day if needed. Of course, the frequencv used
to perform this calibration technique will depend upon the application. The

programmable logic controller oversees all of these operations.

Once measurement of the gas stream and liquid stream has been made.
Gases from the gas discharge line 145 is combined with the liquids from the liquid
discharge line 129 to form the multiphase fluid. This multiphase fluid flows out of

the system through lines 130 and 131. As shown, the multiphase fluid flow is

returned back to the production flow line in the oil field.

Although the foregoing invention has been described in some detail by
way of illustration and example, for purposes of clarity of understanding, it will be

obvious that certain changes and modifications may be practiced within the scope of

the appended claims.

The above description is illustrative and not restrictive. Many variations
of the invention will become apparent to those of skill in the art upon review of this
disclosure. Merely by way of example, the invention may be used to measure flow in
many applications other than oil/water/gas applications. The scope of the invention
should. therefore, be determined not with reference to the above description, but

instead should be determined with reference to the appended claims along with their

full scope of equivalents.
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WHAT IS CLAIMED IS:

1. Apparatus for separating at least a first component from a second
component from a multiphase fluid, said apparatus comprising:

an 1nlet flow line;

a first line section tangentially connected to said inlet tlow line, said
first line section including an upper portion and a lower portion;

a second line section coupled in series to said first line section, said
second line section including an upper portion and a lower portion, said upper portion
of said second line section being coupled to said upper portion of said first line
section, said lower portion of said second line section being coupied to said lower
portion of said first line section;

a gas discharge line connected to said second line section; and

a substantially horizontal line section connected to said second line

section.

2. Apparatus of claim 1 wherein said substantially horizontal line section

has substantially a greater cross-section than said inlet flow line.

3. Apparatus of claim 1 wherein a third line section connects said upper

portion of said first line section with said upper section of said second line section.

4. Apparatus of claim 1 wherein a third line section connects said upper
portion of said first line section with said upper section of said second line section,
said third line section tangentially connecting said upper section of said second line

section at an angle.

3. Apparatus of claim 4 wherein a fourth line section connects said lower

portion of said first line section with said lower portion of said second line section,

said fourth line section being in parallel to said third line section.
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1 6. Apparatus of claim 1 wherein said first line section 1s a substantially
. vertical pipe section.
1 7. Apparatus of claim | wherein said second line section is a substantially
2 vertical pipe section.
1 8. Apparatus of claim 1 wherein said substantiaily horizontal pipe section

2 includes a fifth pipe section coupling said substantially horizontal pipe section to said

3 gas discharge line.

l 9. Apparatus of claim 1 further comprising:

tJ

a first substantially vertical line section connected to a lower portion

3 downstream on said substantially horizontal pipe section

4 a valve disposed between said substantially horizontal pipe section and
S a water cut analyzer.

1 10.  Apparatus of claim 1 further comprising a liquid discharge line

9

connected to a lower portion downstream on said substantially horizontal pipe

3 section.

| 11.  Method for separating and measuring flow ot a multiphase fluid, said

2  method comprising:

3 providing a multiphase fluid comprising a first component and a second

4  component into a first chamber;

S separating a first portion of said first component from a second portion of
6 said first component;

7 combining said first portion of said first component with said second

8 portion of said first component in a second chamber;

9 separating a substantial portion of said second component from said first

10  component in said second chamber;

11 separating any remaining portion of said second component from said

12  first component in a substantially horizontal line coupled to said second chamber
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while maintaining a relatively constant liquid level in said substantially horizontal

flow line; and

measuring a flow rate of said first component.

12.  Method of claim 11 further comprising a step of measuring a flow rate

of said second component.

13.  Method of claim 11 wherein said first chamber 1s a substantially
vertical pipe.

14.  Method of claim 11 wherein said second chamber 1s a substantiaily

vertical pipe.

15.  Method of claim 11 further comprising:

introducing said first component comprising a water based phase and a

petroleum based phase into a third chamber:

separating said water based phase from said petroleum based phase.

while

monitoring a liquid level corresponding to said water based phase,

until a selected liquid level 1s achieved:

removing said water based phase from said third chamber; and

measuring a signal from said water based phase 1n a water cut

analyzer.

16.  Method of claim 15 wherein said liquid level 1s monitored using a
probe.

17.  Method of claim 15 wherein said step of removing 1s provided by

adjusting a valve to direct flow out of said third chamber.
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18.  Method of claim 15 wherein said step of introducing is provided by

adjusting a valve to direct flow into said third chamber.

19  Method of claim 15 further comprising a step of using said signal to

calibrate said water cut analyzer.

20. Method for separating and measuring multiphase flow, said method
comprising:
providing a multiphase fluid comprising a gas phase and a liquid phase,
said liquid phase comprising a water based phase and a petroleum based phase:
separating said gas phase from said liquid phase in a chamber,
separating said water based phase from said petroleum based phase,

while monitoring a liquid level corresponding to said water based phase, until a selected

liquid level is achieved;
removing said water based phase from said chamber; and

measuring a signal from said water based phase in a water cut analyzer.

21.  Method of claim 20 further comprising using said signal of said water

based phase as a standard in said water cut analyzer.
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