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SUPPRESSION OF SLUG FLOW IN A MULTI-PHASE FLUID STREAM The invention
relates to suppression of slug flow in a multi- phase fluid stream. More
particularly, the invention relates to a method and system for preventing
growth of liquid slugs in a stream of multiphase fluid flowing through a
flowline system including a 5        riser section and a gas/liquid
separator located downstream the riser section. In the oil and gas industry
it is common practice to transport a multiphase fluid containing crude oil
or condensate, water and gas from a well through a single pipeline system
to a processing 10        facility. For example in case of offshore oil
production crude oil, production water and associated gas are generally
simultaneously transported through a single subsea pipeline to gas/liquid
separating equipment located onshore or on an offshore platform. Several
flow regimes are known to occur in such a stream of 15        multiphase
fluid, including stratified flow, core flow, mist flow and slug flow. Of
these flow regimes slug flow is generally to be avoided as it consists of
alternating batches of liquid (termed slugs) and gas surges. Under certain
flow conditions growth of liquid slugs may easily occur, which leads to
severe slugging 



20        whereby a flow pattern of alternating production starvation (no
flow), large liquid slugs and strong gas surges at the exit of the flowline
system occur. Supplying such an alternating pattern of liquid slugs and gas
surges to a gas/liquid separator strongly reduces the efficiency of the
separator, as the gas/liquid separator 25        must be operated with
acceptable pressure fluctuations and should deliver an acceptably low
liquid content in the gas outlet conduit and an acceptably low gas content
in the liquid outlet conduit. A method for preventing slug growth in a
pipeline system during simultaneous transportation of a gas and a liquid
through the 30        pipeline system is disclosed in Oil & Gas Journal,
Nov. 12, 1979. In this known method a valve is arranged at the top of a
riser, which    -2- valve is manually or automatically regulated so as to
minimise the pipeline pressure upstream of the riser and to minimise the
differential pressure fluctuations in the riser. Transmitters are used to
transmit pressure signals 5      for regulating the valve, which
transmitters are 



installed at a subsea part of the pipeline system. This known method is
based on the assumptions that severe slugging only occurs in pipelines
having a section of downward inclination when seen in the direction of flow
10      and that slug growth can be prevented by regulating the volumetric
fluid flux as a function of fluid pressure variations. Japanese patent
application 63-274408 discloses a separator control apparatus which adjusts
a valve in a 15      gas outlet of a gas liquid separator by adding the
outputs of a supersonic multiphase flowmeter in the inlet of the separator
and of a manometer within the separator to exert a constant pressure in the
separator. European patent specification 410522 discloses a 20      method
of preventing slug growth in a stream of multi- phase fluid flowing from a
flowline into a gas/liquid separator, whereby fluid flow rate control means
are provided to manipulate the fluid flow rate. This known method comprises
measuring the liquid flow 25      rate in the liquid outlet of the
separator and the gas flow rate in the gas outlet thereof, determining the 



fluid flux defined as the sum of the liquid flow rate and the gas flow
rate, and operating the fluid flow rate control means so as to reduce a
variation of the fluid 30      flux. A drawback of this known method and of
the method disclosed in Japanese patent application 63-27440[err] is that
measurement of the sum of the liquid and gas flow rates in a multiphase
fluid stream is difficult and requires complex measuring equipment. [err]
-3- An object of the invention is to provide an improved method and system
for preventing growth of liquid slugs in a flowline system. More
particularly, the invention aims to provide a 5      method of preventing
growth of liquid slugs in a stream of multiphase fluid flowing from a
flowline into a gas/liquid separator that has a liquid outlet provided with
liquid flow rate control means and a gas outlet 



provided with gas flow rate control means. 10          The method according
to the invention comprises the steps of: -   measuring a liquid level in
the separator; -   measuring at least one control variable selected from
the group of the liquid flow rate in the liquid outlet, 15      the gas
flow rate in the gas outlet, the sum of the liquid flow rate in the liquid
outlet and the gas flow rate in the gas outlet, and the fluid pressure at
or near the separator; and -   operating said liquid flow rate control
means and 20      said gas flow rate control means essentially on the basis
of said measurements so as to reduce a difference between said liquid level
and a selected reference value of the liquid level, and so as to reduce a
difference between said control variable and a selected reference value of
25      the control variable. By controlling the liquid level in the
separator to be as constant as possible, and by controlling the control
variable to be as constant as possible, improved control over the flow
regime in the flowline system is 



30     achieved so that growth of liquid slugs can be prevented in an
improved manner. Furthermore, it was found that instead of selecting the
fluid flux (being the sum of the liquid flow rate and the gas flow rate) as
the controlled variable, the liquid flow rate, the gas flow rate, or the
REPLACEMENT SHEET [err]    - 3a - fluid pressure can be selected as the
controlled variable. Furthermore, the present invention aims to provide a
system for preventing growth of liquid slugs in a stream 5      of
multiphase fluid flowing from a flowline into a gas/liquid separator, said
gas/liquid separator having a liquid outlet provided with liquid flow rate
control means and a gas outlet provided with gas flow rate control means.
The system according to the invention 10      comprises: 



-   means for measuring a liquid level in the separator; -   means for
measuring at least one control variable from the group of the liquid flow
rate in the liquid outlet, the gas flow rate in the gas outlet, the sum of
15      the liquid flow rate in the liquid outlet and the gas flow rate in
the gas outlet, and the fluid pressure at or near the separator; and -
means for operating said liquid flow rate control means and said gas flow
rate control means essentially on 20      the basis of the outputs of said
measurement means so as to reduce a difference between said liquid level
and a selected reference value of the liquid level, and so as to reduce a
difference between said control variable and a selected reference value of
the control variable. 25          Although severe slugging may have a
variety of causes, two physical mechanisms are generally considered to lead
to severe MCS12/TS19OPCT    



WO 96/00604
PCT/EP95/02519 -4- slugging, firstly liquid accumulating at a low point in
the pipeline system and thereby blocking the gas flow, and secondly a
liquid slug reducing the velocity of the fluid in the pipeline as the slug
flows through an upwardly inclined part of the pipeline system thereby 5
causing an increased gas pressure and an increased liquid hold-up upstream
of the upwardly inclined part. Such an upwardly inclined part can for
example be an offshore production riser. As the liquid slug leaves the
upwardly inclined part, the flow accelerates slightly due to the increased
gas pressure. A next slug upstream the 10        slug leaving the upwardly
inclined part is also accelerated and thereby sweeps the increased liquid
hold-up. Therefore this next slug grows somewhat, leading to intensified
subsequent fluctuations in velocity. In this way liquid slugs of increasing
lengths are discharged from the pipeline system. The second mechanism may
15        support the first mechanism, but it was found to occur also when
a low point in the pipeline system is absent. Preferably the flowline forms
the downstream end part of a subsea pipeline system leading to an offshore
platform, said end part suitably being a riser debouching into the
gas/liquid 



20        separator. Control of the liquid level in the separator is
effectively achieved if said liquid control means is operated so as to
reduce the difference between said liquid level and the selected reference
value of the liquid level, and said gas flow rate control means is 25
operated so as to reduce the difference between said control variable and
the reference value of the control variable. During a start-up period of
the method, for example when control is switched from manual to automatic,
which can be just after blockage of the riser section due to accumulating
liquid in a 30        liquid slug which has entered said riser section and
before said liquid slug enters the separator, said control variable is
preferably selected to be the fluid pressure at or near the separator. When
during said start-up period the liquid slug has started to flow into the
separator, said control variable is    WO 96/00604
PCT/EP95/02519 -5- suitably selected to be the liquid flow rate in the
liquid outlet of 



the separator. Severe slug flow can be effectively suppressed if said
control variable is selected to be the liquid flow rate in the liquid
outlet 5        of the separator, either continuously or after the start-up
period. Alternatively said control variable can suitably be selected to be
the sum of the liquid flow rate in the liquid outlet and the gas flow rate
in the gas outlet, either continuously or after the start- up period. 10
The reference value of the control variable, when said variable is the
liquid flow rate or the sum of the liquid flow rate and the gas flow rate,
can be obtained from up-stream measurements, or alternatively, can suitably
be generated by reducing a difference between the fluid pressure at or near
the separator and a selected 15        reference value of the fluid
pressure. The gas/liquid separator indicated hereinbefore can have
sufficient capacity for processing the fluid stream, in which case said
separator can be the only separator in the system. Alternatively,  the
separator can form a mini-separator which is 20        located upstream a
slug catching separator. The mini-separator then forms a primary separator
of which the gas outlet and the liquid outlet debouche into the slug
catching separator which forms a 



secondary separator. The invention will now be described in more detail and
by way 25        of example with reference to the accompanying drawings in
which: Fig. 1 shows schematically a flowline system for carrying out the
method according to the invention; Fig. 2 shows schematically a control
system for use in the flowline system of Fig. 1; and 30             Fig. 3
shows a diagram indicating the variation of  liquid flow in a flowline
system as a function of time, whereby the method of the invention has been
applied. In Fig. 3 the horizontal axis represents time in seconds and the
vertical axis represents the volume of liquid (in litres) in the large
separator.    WO 96/00604
PCT/EP95/02519 -6- The flowline system of Fig. 1 comprises a pipeline 1
extending on the seafloor 3 from a wellhead (not shown) to an offshore
platform 5, an upwardly inclined pipeline section in the form of a riser 7
connected to the platform 5 and a gas/liquid separator 9 



5        having a liquid outlet conduit 13 and a gas outlet conduit 14. The
liquid outlet conduit 13 is provided with a liquid flow control valve 15,
and the gas outlet conduit is provided with a gas flow control valve 16.
The valves 15, 16 can be of any suitable type such as a vortex amplifier
disclosed in The Oilman, August 1987, pp. 82- 10        85. A gas  flow
meter 17 is provided in the gas outlet conduit 14 and a liquid flow meter
19 is provided in the liquid outlet conduit 13. The separator 9 is further
provided with a liquid level gauge 25 and a pressure gauge 27. A control
system 30 is provided which receives signals from the gas flow meter 17,
the liquid flow meter 15        19, the liquid level gauge 25, and the
pressure gauge 27, which control system 30 controls the valves 15, 16 in a
manner depending on the signals received by the control system 30. The
liquid outlet conduit 13 and the gas outlet conduit 14 are in fluid
communication with the interior of a slug-catching separator (not shown)
located 20        downstream the separator 9. The slug-catching separator
is of a size considerably larger than the separator 9. Fig. 2 shows
schematically the control system 30 of Fig. 1 in more detail, whereby
corresponding reference numerals refer to corresponding components. The
arrows shown in Fig. 2 indicate the 25        direction of transfer of
electric control signals from one component 



to another. The control system 30 includes a liquid level controller 32
which manipulates valve 15 in response to input signals received from
liquid level gauge 25 via control line 34 and from a liquid level set-point
36 via control line 38. A pressure controller 40 is 30        connectable
to valve 16 via switch 42 and control line 44 so as to manipulate valve 16
in response to input signals received from pressure gauge 27 via control
line 46 and from a pressure set-point 48 via control line 49. A liquid flow
rate controller 50 is connectable to valve 16 via switch 42 and control
line 44 so as to 35        manipulate valve 16 in response to input signals
received from    WO 96/00604
PCT/EP95/02519 liquid flow meter 19 via control line 52 and a liquid flow
rate set- point 54 via control line 55. A mixture controller 56 is
connectable to valve 16 via switch 42 and control line 44 so as to
manipulate valve 16 in response to input signals received from gas flow
meter 5        17 via control line 58, from liquid flow meter 19 via
control line 60, and from a pressure controller 62 via control line 64. The
signals in control lines 58, 60 are summed so as to provide a fluid 



flux signal which is transferred to mixture controller via control line 59.
The pressure controller 62 receives input signals from 10        pressure
gauge 27 via control line 65 and from pressure set-point 66 via control
line 67. During normal operation of the flowline system shown in Figure 1,
a mixture of gas and liquid flows from the wellhead through the underwater
pipeline 1 and riser 7 into the gas/liquid 15        separator 9. Gas is
discharged from the separator 9 through the gas outlet conduit 14 and
liquid through the liquid outlet conduit 13. The volumetric gas flux in the
gas outlet conduit 14 is continuously measured using the gas volumetric
flow meter 17 and the volumetric liquid flux in the liquid outlet conduit
13 is continuously measured 20        using the liquid volumetric flow
meter 19. The liquid level in the separator 9 is continuously measured
using the liquid level gauge 25 and the pressure in the separator 9 is
continuously measured using the pressure gauge 27. When control of
fluid-flow using controller 30 is started, for 25        example when
control is switched from manual to automatic just after blockage of the
riser 7 due to the occurrence of a slug has occurred, the switch 42 is
switched to the position in which pressure controller 40 is connected to
valve 16. The pressure 



controller 40 manipulates valve 16 in a manner so as to decrease a 30
difference between a pressure signal from pressure gauge 27 and a signal
from set-point 48. Control valve 15 is manipulated by level controller 32
so as to decrease a difference between a signal from liquid level gauge 25
and a signal from set-point 36. When the liquid slug starts to flow into
the separator, the switch 42 is 35        switched to the position in which
liquid flow rate controller 50 is    WO 96100604
PCT/EP95/02519 -8- connected to valve 16. The liquid flow rate controller
50 manipulates valve 16 in a manner so as to decrease a difference between
a liquid flow rate signal from flow meter 19 and a signal from set-point
54. Thereafter switch 42 is switched to the position 5        in which
mixture controller 56 is connected to valve 16, which mixture controller 56
manipulates valve 16 in a manner so as to decrease a difference between a
fluid flow rate signal, defined as the sum of a liquid flow rate signal
from liquid flow meter 19 and a gas flow rate signal from gas flow meter
17, and a signal received 



10        from pressure controller 62. Pressure controller 62 provides an
input signal to mixture controller 56 via control line 64, which input
signal is aimed at reducing a difference between a pressure signal from
pressure gauge 27 and a signal from set-point 66. Experiments have been
carried out in a pipeline system 15        comprising a horizontal section
of 50 m length, a declining section of 50 m length (angle of declination 2
to the horizontal plane), and a vertical riser section of 16.2 m length.
The length of the flowline system was such that severe slugging occurred.
The internal diameter of the sections was 0.05 m. At the top of the riser,
the 20        downstream end of the pipeline system, there is provided a
separator. An air/water fluid mixture wherein the water contained 20 %w
mono-ethylene glycol was pumped through the pipeline system, whereby the
superficial gas velocity and the superficial liquid velocity at the
upstream end of the pipeline were 0.215 m/s and 25        0.184 m/s
respectively. The set-point pressure of pressure controllers 40 and 62 was
3 bar, the set-point of level controller 32 was 50% of the internal volume
of gas/liquid separator 9. The results of these experiments are shown in
Figs. 3 indicating the liquid contents of the slug catching separator as a
30        function of time, using a constant drawn down rate of the slug 



catching separator. The control variable was selected to be the liquid flow
rate (line a) and the fluid flow rate (line b), the latter being the sum of
the liquid flow rate and the gas flow rate. For the case in which the
control variable was the liquid flow rate 35        (line a), mixture
controller 56 was used whereby the control line 58    - 10 -         [err]
[err] 1. A method of preventing growth of liquid slugs in a stream of
multiphase fluid flowing from a flowline (1) into a gas/liquid separator
(9), said gas/liquid separator (9) having a liquid outlet (13) provided
with 5      liquid flow rate control means (15) and a gas outlet (14)
provided with gas flow rate control means (16), the method comprising: -
measuring a liquid level in the separator; - measuring at least one control
variable selected from 10      the group of the liquid flow rate in the
liquid outlet (13), the gas flow rate in the gas outlet (14), the sum 



of the liquid flow rate in the liquid outlet (13) and the gas flow rate in
the gas outlet (14), and the fluid pressure at or near the separator (9);
characterized in 15      that the method further comprises - operating said
liquid flow rate control means (15) and said gas flow rate control means
(16) essentially on the basis of said measurements so as to reduce a
difference between said liquid level and a selected 20      reference value
of the liquid level, and so as to reduce a difference between said control
variable and a selected reference value of the control variable. 2. The
method of claim 1, wherein said liquid flow rate control means (15) is
operated so as to reduce the 25      difference between said liquid level
and the selected reference value of the liquid level, and said gas flow
rate control means (16) is operated so as to reduce the difference between
said control variable and the reference value of the control variable. 30
3.  The method of claim 1 or 2, wherein during a start-up period of the
method, when a liquid slug has entered a [err] 



riser section (7) of the flowline (1) and before said liquid slug enters
the separator (9), said control variable is selected to be the fluid
pressure at or near the separator (9). 5      4.  The method of claim 3,
wherein during said start-up period, after the liquid slug has started to
flow into the separator (9), said control variable is selected to be the
liquid flow rate in the liquid outlet of the separator. 10      5.  The
method of claim 1 or 2, wherein said control variable is selected to be the
liquid flow rate in the liquid outlet (13) of the separator (9). 6. The
method of claim 1 or 2, wherein said control variable is selected to be the
sum of the liquid flow 15      rate in the liquid outlet (13) and the gas
flow rate in the gas outlet (14). 7. The method of claim 5 or 6, wherein
the reference value of said control variable is generated by reducing a 



difference between the fluid pressure at or near the 20      separator (9)
and a selected reference value of the fluid pressure. 8. A system for
preventing growth of liquid slugs in a stream of multiphase fluid flowing
from a flowline (1) into a gas/liquid separator (9), said gas/liquid 25
separator (9) having a liquid outlet (13) provided with liquid flow rate
control means (15) and a gas outlet (14) provided with gas flow rate
control means (16), the system comprising: - means (25) for measuring a
liquid level in the 30      separator; -   means (19, 17, 27) for measuring
at least one control variable selected from the group of the liquid flow
rate in the liquid outlet, the gas flow rate in the gas outlet, the sum of
the liquid flow rate in the liquid 35      outlet and the gas flow rate in
the gas outlet, and the [err]    



- 12                   [err] fluid pressure at or near the separator;
characterized in that the system further comprises -   means (30) for
operating said liquid flow rate control means and said gas flow rate
control means (16) 5      essentially on the basis of the outputs of said
measurement means (19, 17, 25, 27) so as to reduce a difference between
said liquid level and a selected reference value of the liquid level, and
so as to reduce a difference between said control variable and a selected
10      reference value of the control variable. 9. The system of claim 8,
wherein said separator (9) forms a primary separator, the gas outlet and
the liquid outlet of the primary separator debouching into a secondary
separator forming a slug catching separator. 15      10. The system of
claim 8 or 9, wherein said flowline (1) includes an upwardly inclined
section (7) debouching into the gas/liquid separator. [err] MCS12/TS19OPCT
[err] 




