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(57) Abrégée/Abstract:
A method for controlling the flow of a multiphase fluid from a well extending into a subsurface formation, which well is provided at a
downstream position with a valve having a variable aperture, which method comprises allowing the multiphase fluid to flow at a
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selected aperture of the valve; selecting a flow parameter of the multiphase fluid, which flow parameter Is responsive to changes In
a gas/liquid ratio of the multiphase fluid at an upstream position in the well, and a setpoint for the flow parameter; and monitoring
the flow parameter; controlling the flow parameter towards its setpoint by manipulating the aperture of the valve; wherein the control
time between detection of a deviation from the setpoint and the manipulation of the aperture is shorter than the time needed for the
multiphase fluid to travel 25% of the distance between the upstream and downstream positions. Further a well extending into a
subsurface formation for producing a multiphase fluid to surface, which well is provided at a downstream position with a valve
having a variable aperture, and with a control system for controlling the multiphase flow.
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(57) Abstract: A method for controlling
the flow of a multiphase fluid from a well
extending into a subsurface formation, which
well is provided at a downstream position with a
valve having a variable aperture, which method
comprises allowing the multiphase fluid to flow
at a selected aperture of the valve; selecting a
flow parameter of the multiphase fluid, which
flow parameter is responsive to changes in a
gas/liquid ratio of the multiphase fluid at an
upstream position in the well, and a setpoint
for the flow parameter; and monitoring the
flow parameter; controlling the flow parameter
towards its setpoint by manipulating the aperture
of the valve; wherein the control time between
detection of a deviation from the setpoint and
the manipulation of the aperture is shorter than
the time needed for the multiphase fluid to travel
25% of the distance between the upstream and
downstream positions. Further a well extending
into a subsurface formation for producing
a multiphase fluid to surface, which well is
provided at a downstream position with a valve
having a variable aperture, and with a control
system for controlling the multiphase flow.



CA 02591309 2007-06-05

WO 2006/067151 A1 U HVA!R AR AR O 11 A AOR RG A

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.



10

15

20

25

30

CA 02591309 2007-06-05

WO 2006/067151 PCT/EP2005/056971

CONTROLLING THE FLOW OF A MULTIPHASE FLUID FROM A W

L+

LL

Field of the Invention

The present invention relates to a method for

P

controlling the flow of a multiphase fluid from a well

extending into a subsurface formation.

Background of the Invention

Multiphase flow of liquid such as o0il and/or water,

and gas, 1s almost always 1nvolved in the production of

hydrocarbons from subsurface formations. Upward

multiphase fluid flow 1n a well can often lead to flow

stability problems.

Production i1nstabilities can be encountered for

P

example 1n the form of large fluctuations of the oil

production rate, e.g. more than 25% of the average

production rate, or 1n situations where big slugs of oil

are alternated by gas surges. Particular problems are

encountered in gas-lifted wells, in which gas 1s injected
from surface via a casing/tubing annulus and an injection

valve upstream 1n the well i1nto the production tubing.

F

Also here, severe instabilities of the gas/ligquid ratio

of the fluid produced up the tubing can occur. A special

problem 1s observed 1n dual gas-lifted wells, wherein two

tubings are arranged, usually with inlets for reservoir

fluid at different depths. A common problem there 1s that

P

production through one of the tubings ceases, due to

instabilities 1n the lift gas 1njection 1nto the tubings.

Such 1nstability phenomena are often referred to as

“heading”, e.g. tubing heading, casing heading etc.

Heading 1s generally undesirable, not only because of

production loss, but also because downstream fluid

handling equipment such as separators and compressors can

be upset, damaging of the wellbore or flowline, and
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negative influences on other wells connected the same

equipment.
Several systems and methods have been proposed in the

past to control heading phenomena.

International patent application with publication

No. WO 97/04212 discloses a system for controlling

production from a gas—lifted oil well, comprising a choke

for adjusting the flow of crude o0il from a production

tubing of the well, into which 1lift gas i1s injected at a
downhole position in the well. A control system 1is
provided to dynamically control the opening of the choke,

such that the casing head pressure in the 1lift gas

injection line 1s minimized and stabilized.

SPE paper No. 49463 “Real-Time Artificial Lift

Optimization” by W.J.G.J. der Kinderen, C.L. Dunham and

ﬁ

H.N.J. Poullsse discloses a combination of this system

—
—

with a production estimator based on a measurement o:

pressure drop over a fixed restriction. The pressure drop
is used to estimate production, and the choke 1s slowly
stepwlse adjusted to find an optimum opening for maximum
production.

USA patent publication No. US 6 293 341 discloses a

method for controlling a ligquid and gaseous hydrocarbons

production well activated by i1njecting gas, wherein a

produced-hydrocarbon flow rate 1s estimated from the

temperature measurement of the produced hydrocarbons, and

1s compared with four predetermined flow rate thresholds.

F

Depending on the outcome of the comparison, and depending

on the gas-injection rate and the aperture of the outlet

ﬁ

choke, the gas injection flow rate or the aperture of the

outlet choke are stepwlise adjusted by a predetermined

amount.

It 1is an object of the present invention to provide a

method for controlling the flow of a multiphase fluid

from a well that provides efficient and robust control 1in
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—

a varliety of situations and with minimum requirements for

control hardware.

P

summary of the Invention

To this end there is provided a method for

5 controlling the flow of a multiphase fluid from a well

extending 1nto a subsurface formation, which well is

provided at a downstream position with a valve having a

*
p—

varlable aperture, which method comprises the steps o:

— allowing the multiphase fluid to flow at a selected

10 aperture of the valve;

P

— selecting a flow parameter of the multiphase fluid,

which flow parameter 1s responsive to changes in a

F

gas/liquid ratio of the multiphase fluid at an upstream

position 1n the well, and a setpoint for the flow

15 parameter; and monitoring the flow parameter;

~- controlling the flow parameter towards i1ts setpoint

—

by manipulating the aperture of the wvalve;

wherein the control time between detection of a deviation

from the setpoint and the manipulation of the aperture 1is

2.0 shorter than the time needed for the multiphase fluid to

travel 25% of the distance between the upstream and

downstream positions.

pr—
—_—

Applicant has realized that an efficient control of

the multiphase fluid flow can be achieved by sufficiently

25 qulickly manipulating the variable production valve 1in

*

response to a change in the gas/liquid ratio of the

produced fluid at an upstream position 1n the well. Such

a change can be derilved from a flow parameter

characterizing the combined gas and ligquid flow of the

30 multiphase fluid i1n the production tubing. Examples of

the flow parameter are the volumetric flow rate, the mass

flow rate, but other definitions of a flow parameter can

be used as well, as will be pointed out hereinbelow.

If for example the flow parameter 1ndicates that at

F

35 the lower end of the production tubing a liquid slug 1is
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formed, the production valve should be quickly opened so

that the liquid 1s transported away immediately, before

the slug can grow due to a growing hydrostatic pressure

1n the tubing. If the flow parameter on the other hand

indicates a large influx of gas into the production

tubing, the valve should be closed sufficiently to create

a corrective backpressure.

The time scale on which the valve should be

manipulated can be related to the time it takes for the

fluid to flow up the production tubing, from the upstream
position where the change in the gas/liguid ratio occurs

to the downstream position of the variable valve.

—
—

Applicant has found that for a su:

ficiently fast response

the valve should be manipulated faster than the time

needed for the multiphase fluid to travel 25% of the

distance between the upstream and downstream positions.

Preferably the control time 1s shorter than 15%, more

—

preferably shorter than 10% of the time needed for the

multiphase fluid to pass the distance between the
upstream and downstream positions, for example between 5
and 10% of this time. In fact, very good control is

P

achieved 1f the response time 1s minimized, so that the

flow parameter 1s continuously measured, and every

fluctuation or change 1s 1mmedilately translated into an

updated optimum setpoint for the wvalve aperture, and the
valve 1s 1nstantaneously manipulated accordingly. In

typical wells the control time wilill be one minute or

less, preferably 30 seconds or less, most preferably
10 seconds or less, and for example 1 second.
Preferably the flow parameter 1s measured near the

F

downstream position of the variable valve. Such a

position is closer to the variable valve than to the

upstream position at which the gas/liquid ratio changes,

for example within a maximum of 10% of the distance

between upstream and downstream positions from the
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downstream position. A flow parameter detected at surface

1s 1nfluenced by a changing gas/liquid ratio upstream in

P

the well, e.g. at the lower end of the production tubing,

with the speed of sound, i.e. almost instantaneously. The

required control time for the valve, on the other hand,

1s related to the flow velocity of the multiphase fluid,

which 1s slower. So detecting a change in flow parameter

gr—
p—

leaves su:

ficient time for counteraction. Most preferably

the flow parameter 1s measured at or near the well head,

at surface.

ﬁ

In a particularly advantageous embodiment the flow

parameter 1s estimated as a function of a pressure

difference over a flow restriction, which flow parameter

*

does not take 1nto account the actual composition of the

.
—

multiphase fluid pertalining to the pressure dif

ﬁ

ference at

the flow restriction. Actual composition data for the

multiphase fluid that 1s at a certain time at a

certaln

location of the production tubling can 1n principle be

obtained by a gamma-densitometer, multi-phase flow meter

or simillar equipment. Applicant has realized that a good

control can be achieved even without such actual

composition data, so that the expensive equlpment that

would be needed to obtain that 1s not required.

Preferably then the variable valve 1tself 1s used as

the restriction. Even though the flow parameter

determined in this way may be somewhat less accurate than

with a fixed restriction, this 1s not a problem for the

__L

“low control.

task of

Tt will be understood that 1t can be advantageous to

have an optimizing controller that operates on a much

longer time scale and seeks to optimize or maximize the

overall production by manipulating the set polnt of the

flow parameter. The optimizing controller can for example

monitor an average parameter related to production such

as an average valve opening, an average pressure drop
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over the restriction or valve, or an average flow

parameter. The time scale of such an outer loop

controller 1s longer than the time needed for the

multiphase fluid to travel the distance between the
upstream and downstream positions, e.g. a timescale of

many minutes, e.g. 5 minutes or more, up to one hour or

even longer.

In a particular embodiment the well i1s a gas lifted
well provided with production tubing having a gas

injection valve at the upstream position. In this

embodiment the main cause of disturbance for the

gas/liquid ratio will be a changing gas injection rate at

the gas 1njection valve.

In another particular embodiment the well 1s a dual

gas lifted well wherein the production tubing forms a

first production tubing, wherein further a second

r—

production tubling 1s arranged, and whereln a ratio o:

h—

first and second flow parameters of the multiphase fluid

in the first and second production tubing 1s controlled.

Controlling the ratio of flow 1n this way has been

F
e

found to be an effective way of preventing that

production through one of the tubings ceases whereas all

gas 1s 1njected into the other, resulting overall 1in a

P

very 1nefficient gas 1lift.

Thus the method of the present i1nvention can be used

to control several heading phenomena 1rrespective of

their origin in a varlety of situations.

In accordance with the 1nventlion there 1s also

'

provided a well extending i1nto a subsurface formation for
producing a multiphase fluid to surface, which well 1s
provided at a downstream position with a valve having a

ﬁ

variable aperture, and with a control system for

controlling the multiphase flow, which control system

F

includes means for measuring a flow parameter of the

multiphase fluid, which flow parameter i1s responsive to



10

15

20

20

30

35

CA 02591309 2007-06-05

WO 2006/067151 PCT/EP2005/056971

- ] -

P

changes in a gas/liquid ratio of the multiphase fluid at

an upstream position in the well, and a means for

controlling the flow parameter towards a selected
setpoint by manipulating the aperture of the valve,
wherein the control system 1s so arranged that the
control time between detection of a deviation from the

setpolint and the manipulation of the aperture is shorter

than the time needed for the multiphase fluid to travel

25% of the distance between the upstream and downstream

positions.

Brief description of the Drawlings

An embodiment of the i1nvention will now be described

in more detaill and with reference to the accompanying

drawings, whereiln

Figure 1 shows schematically a free-flowing well

embodying a first application of the present 1nvention;

Figure 2 shows schematically a gas-1lift well
embodying a second application of the present invention;
and

Figure 3 shows schematically a dual gas-lifted well

embodying a third application of the present invention.

F

Detailed Description of the Invention

Reference 1s made to Figure 1. The Filigure shows a

free-flowing well 1 extending from surface 3 1nto a

subsurface formation 5. The well 1s provided with

casing 7, and at the lower end of the well perforations 8

are arranged for receilving reservolr fluid into the well.

Production tubing 10 i1s 1nstalled, separated by a

packer 12 from the casing. The production tubing extends

from its upstream end 14 to a wellhead 15 at surface, and

"rom there through a flowline 18 to downstream processing

equipment 20, e.g. including a gas/liquid separator.

Along the flowline a control system 1s arranged,
comprising a controllable variable valve 30, a flow

restriction 32, pressure sensors 36 and 37 upstream and
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downstream of the flow restriction, and a controller 40

recelving input via lines 46,47 from the pressure
sensors 36,37, and having an output via line 49 for a

control signal to the controllable valve 30. In a

particular embodiment (not shown, but see Figure 2), the

variable valve 30 1is placed at the position and plays the

P

role of the flow restriction 32. The flow restriction 32

can also be placed upstream near the control wvalve 30.
The reservolr fluid received through perforations 8
into the well normally 1s a multiphase fluid comprising

liguid and gas. The gas/liquid ratio at bottomhole

conditions can depend on many factors, for example the

composition of the undisturbed reservolr fluid, influx

from other subsurface regions, the amount of gas

dissolved 1n o01l, and liberation of dissolved gas due to

*

the pressure difference between the reservolir and the

well. Instability 1n production of this multiphase fluid

to surface can be observed 1n varying severity, also

dependent on the overall production rate, tubling geometry

and reservolr 1nflux performance.

In accordance with the present 1nvention such

instabilities can be effectively controlled by

manipulation of the downstream valve 30. To thils end a

flow parameter of the multiphase fluid 1s selected, which

is responsive to changes in the gas/liquid ratio of the

multiphase fluid at an upstream position 1n the well,

such as at the lower end of the production tubling 10 or

at the perforations.

A suitable flow parameter 1s the volumetric flow rate

or also the mass flow rate of the multiphase fluid.

For an effective control it 1s not required to

determine these flow rates with high accuracy. Most
importantly, changes in the gas/liquid ratio are quickly
detected.

The flow parameter 1s preferably measured at surface.
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A particularly advantageous aspect of the embodiment
of the 1nvention shown in Figure 1, is that the flow

parameter 1s monltored by continuously monitoring the

pressure difference over the flow restriction only,
without monitoring another variable in order to determine

an actual gas/liquid ratio pertaining to the actual

pressure difference at the flow restriction. This 1is

advantageous since 1t was realized that i1s not needed for

the present 1nvention to install equipment for measuring

data pertaining to the multiphase composition, e.g. a

specific small separator for control purposes, an

expensive multiphase flow meter or a gamma densitometer.

In the prior art such equipment 1s used to determine a

F

mass balance of the multiphase fluid, e.g. a gas mass

P

fraction, and the changes thereof as a function of time

at the location of the measurement. Using such data,

accurate volumetric or mass flow rates, and changes

thereof as a function of time, can be derived.

It has been realized however, that a sulitable flow

parameter for use as controlled variable 1n the

multiphase flow control can be derived from the pressure

—

data alone, and that efficient control 1s obtained when

the aperture of the variable valve 1s used as the

manipulated variable. In this way a relatively simple,

but effective, control loop 1s obtained that requires

minimum hardware.

A sultable flow parameter FP for the flow otf

multiphase fluid through a variable valve forming a

restriction is represented by the following relationship

FP — f'cv ’d\pr 7 (l)

whereln

f is a (in general dimensionful) proportionality

factor;
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P

Cy 1s a valve coefficient that characterizes the

throughput at a given valve aperture v and is dependent

on the aperture; and

Ap 1s the pressure difference over the flow

restriction {(varlable wvalve).

F' 1s a generallzed flow parameter.

| | volume S
Cy has the dimension VAR It 1s common to
tilme - pressure
. . , , US gallons
express Cy 1n US englneering units {773 "
min- psi
- . N G . .
following a common definition Cy =:Q\z:- wherein Q 1s
P

the volumetric flow in US gallons/min, Cy; 1s the valve

coefficient in US gal/min/psi1/2, Ap 1s the pressure drop

in psi, and G 1s ratio of the fluld density p and the

F

water density. If we convert to the followlng units

Q*lm3 / hj, p*[bar], G = p*lkg/m3l/1OOOlkg/m3|, and keep

for Cy the common US units, thilis gives:

*

Q = Q * 0.003785 * 60

Ap. = Ap * 0.068947

*

0" = G * 1000 kg / m> .

Substitution 1in the original definition for Cy, and

omitting the * superscript gives:

cy = ~. 0P
v u \ Ap
wherein u 1s a conversion constant having the value

1/u=0.03656 m3/2.kxg"1/2, 1n the following it will be

(2),

assumed that Cy, and the other units discussed hereilnabove

have the units as given, and for that reason the constant

u will appear in the equations. From equations (1) and

(2) it follows that a volumetric flow rate FP=Q (units

F
p—

m3/hr) 1s obtained 1f £ 1s selected as
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_ _ X 1 - x
L =g =u/—+ ’ (2)
\ Pg Pl
whereiln
x = the gas mass fraction of the multiphase fluid;

Pg and p) are the gas and liquid densitles (kg/m3) ;

and wherein it has been assumed that Ap/pyu«l, wherein py,

—

1s the pressure upstream of the restriction.

A mass flow rate FP=W (units kg/hr) is obtained 1i:

h
Fh

18 selected as

B!

In order to calculate either a mass or a volumetric

flow rate, the gas mass fraction x of the multiphase

fluid at the restriction 1s requilired. However 1n the

method of the present invention there 1s not a separate

F

measurement that can be used to this end, such as for

example using a gamma densitometer. There are several

suitable ways to still obtain a flow parameter that 1is

suitable as a controlled wvariable.

One straightforward way 1s to select f=constant,
independent on density. The flow parameter FP=F thus

obtalined has characteristics somewhere 1n between a mass

and a volumetric flow rate. It has been found that a
simple control scheme wherein this flow parameter 1s held
at a predetermined setpoint, by manipulating the wvariable
valve accordingly, can already provide a significant
suppression of liquid slugs and gas surges.

It is also possible to estimate the mass or

volumetric flow rate by estimating fy or fg, without

measuring a separate parameter pertaining to the actual

gas/liquid ratio at the restriction. An estimate can for

example be obtained by using an average gas mass fraction

P

Xqy Of the multiphase fluid that 1s produced. Such an

average gas mass fraction can for example be obtalned by
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analyzing the overall gas and liquid streams obtained at

downstream separation equipment 20. So, 1n equation 2 or

3, 1lnstead of using the actual gas mass fraction of the

multiphase fluid causing the pressure drop at the

restriction, an average gas mass fraction x5y 1s used. In

order to restore some dependency on fluctuations in

multiphase flow over time, deviations of the upstream
pressure py from a reference pressure Pyef Can be
considered, e.g. by using
/Xav 1—-xav\ ]
fq = u T Pref - . (4)
W Pg Pl Py

Such an approximation can 1n particular be used when

Ap/pPy«l.

g

Estimating fy; or f5 can also be facilitated 1f there

is information about the multiphase flow regime, 1.e.

predominantly liquid, gas or mixed gas/liquid flow.

During normal operation the flow parameter 1s

monitored via the pressure sensors 36,37 that feed their

signals into the controller 40 where the flow parameter

is calculated. When the flow parameter deviates from 1its

setpoint, the controller determines an updated setpoint

ﬁ

for the aperture of the variable valve 30 and sends the

appropriate signal through line 49 to the valve 30.
In cases that the pressure-drop across the valve 1s
in the critical range (such as when the flow becomes

sonic at the place of the restriction) the flow

F
p—

calculation 1is suitably different. In this case the flow

no longer depends on the downstream pressure. The

calculations remain the same with the following

P
a—

adjustment: instead of the differential pressure Ap we

use a fixed portion of the pressure upstream of the

restriction. The transition from sub-critical to critical

is dependent on the physical size and shape of the

restriction, and on process conditions. Often 1t 1s found
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that critical conditions exist when the downstream

pressure 1s below a transition point, which is expressed

as a certain fraction of the upstream pressure, e.g. 30%
or 50% or the upstream pressure. So, as the downstream

pressure gets lower than the transition point, the

difference between upstream pressure and the transition

polnt 1s used 1nstead of Ap. The flow parameter is thus

only dependent on upstream pressure and valve opening.
According to the invention the control loop 1s so

F

fast that the time between detection of a deviation from

P

the setpoint and the manipulation of the aperture 1is

shorter than the time needed for the multiphase fluid to

"

travel 25% of the distance between the upstream end 14 of

the production tubing 10 and the downstream valve 30.

In a typical example, the production tubing reaches

-

from surface to a depth of 1500 m, and the overall flow

veloclity i1gnoring slippage between gas and liquid 1s

5 m/s. In this case the control time should be shorter

than 75 s.

P

Very good control 1is achieved 1f the response time 1s

minimized, so that the flow parameter 1s continuously

measured, and every fluctuation or change 1s i1mmediately

translated into an updated optimum setpoint for the wvalve

aperture, and the valve 1s instantaneously manipulated
accordingly.

It will be understood that 1t 1s nevertheless

possible to apply some filtering to remove high-frequent

noise from the pressure measurements, but the filtering

would typically smoothen the measurements on a time scale

F

at maximum 1n the order of 5 seconds.

For starting up flow in a free-flowing well, suitably

the variable production valve 30 1is slowly opened until a

stable flow condition 1s reached. It 1s noted that at
very much reduced choke openings the heading can be

stabillized because of the dominant influence that
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P

friction has 1n this case on the hydraulics of the

system. Even though a stable flow condition can be

achieved 1in this way, this 1s not a desired way to

operate the well for extended periods of time since it
5 would lead to substantial reduction of o1l production.

Subsequently, the controller 40 can be switched on,

followed by slowly increasing the setpoint of the

controller until the setpoint for continuous operation 1s

reached. By controlling the flow according to the present

10 invention the production 1s stabillized and maximised at
the same time.

Reference is now made to Filgure Z showing a gas lift

well 61, which can also be controlled by the method of
the present invention. Like reference numerals as 1in

15 Figure 1 are used for the same or similar parts.

In addition to the parts already discussed with

reference to Figure 1, the well 61 1s provided with a

gas-1lift system comprising a source for pressurized gas
connected via a conduit 65 to the annulus 70 between the
20 casing 7 and the production tubing 10. The conduit 65 1s
provided with an annulus valve 72. Downhole in the well
the production tubing 1s provided with a gas-injection
valve 75 for admitting the 1lift gas from the annulus 70
into the production tubing 10. Only one gas 1injection

25 valve 1s shown, but it shall be clear that more valves

F

can be arranged at different depths.

A common problem encountered in gas-lift wells 1s

instable production, due to “heading” phenomena. In

addition to causes like the ones described for the free-

i

30 flowing well hereinbefore, a particular reason for

instable, 1in particular cyclic, production 1s 1n the

interaction between the gas pressure and volume 1n

annulus and the hydraulics in the production tubing,

which is also sometimes referred to as casing heading.

35 The annulus volume acts as a buffer for the 1li1ft gas. The
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casing 1s filled-up through the annulus valve, and

depletes through the i1njection valve. The pressure in the

annulus 1s determined by the i1nflux through the annulus

valve and the outflux through the gas-injection valve.

The tubling hydraulics are determined by the weight of the

oll/water/gas mixture and the friction losses, in
combination with the driving force exerted by the

reservoilr.

When due to a fluctuation the bottomhole pressure

decreases, the i1nflux of reservoir fluid i1ncreases, and

increases the flow rate of fluid up the production
tubing. This causes a decrease of the hydrostatic

pressure in the tubing, and therefore an increased influx

F

of 1ift gas, which further lowers the bottomhole pressure

and leads for a short while to maximum production. Since

normally the capacity of pressurized gas 1s limited, the

pressure in the annulus decreases so that gas 1njectilon

is lowered or even ceases, until sufficient annulus

pressure has been built up again. Then the same sequence

ﬂ

can happen again. The occurrence and severity of such

casing heading depends on many factors such as the normal

differential pressure over the gas 1njection valve, and
the relation between the annulus pressure decrease at an

increased gas injection rate, and the associated

bottomhole pressure decrease. It often occurs that

P

optimal operation of a well 1s close-to or in the region

p

of casing heading.

Prior art approaches to control 1nstable gas 1lift

wells use a controlled variable in the gas—-injection
part, e.g. the pressure in the annulus (casing head
pressure), or the gas injection rate into the annulus.

Also, the prior art uses a manipulated variable in the

gas-1injection part, e.g. the opening of annulus valve, so

that the gas influx rate 1s changed i1n order to
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counteract unbalances between gas influx into and outflux

from the annulus.

The present i1nvention, on the other hand is based on

F

a flow parameter of the multiphase fluid in the

production tubing as (only) controlled variable for the

fast control loop. During normal operation, after start-

up, the (only) manipulated variable in the fast control

P

loop 1s the aperture of valve 30.

The present 1nvention allows a more robust

suppression of casing headiling, by maintaining a stable

multiphase flow 1n the production tubing. Because the

controlled variable and the manipulated variable are

physically very close together, control action 1s more
robust.
In the embodiment of Figure 2, the manipulated

variable 1s aperture of the production valve 30, and the

P

operation of this valve occurs so fast 1n response to

changes 1n the injection rate at the gas-injection valve

75 that the outflux rate from the annulus, 1.e. the gas

injection rate itself 1s acted upon. If the gas 1njection

rate is at any moment detected to be too high, the valve

30 will be closed to an aperture wherein sufficient

backpressure 1s created to lower the difference between

casing and tubing pressure at the gas 1njection valve, so

that the i1njection rate decreases again. It the gas

injection rate appears to be too low, the aperture of the
valve 30 1s increased so that the hydrostatic pressure 1n
the tubing decreases and more gas 1s 1njected.

The change in gas 1njection rate can be detected by

flow parameters Q, W, and in particular F, as they have

been have been discussed with reference to Figure 1. As a

difference with Figure 1, there 1s no separate

restriction in the flowline 18, but the variable valve 30

is used as restriction, over which also the pressure

difference is measured. For determining a flow parameter
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from the pressure difference (see equation 1), the

h
s

dependence of the valve coe:

ficient from the aperture has

to be taken into account. This can lead to a somewhat
less accurate determination of the flow parameters, but

o this 1s acceptable for control purposes.

Normal operation of the control loop 1s further very

similar to the one described for the free-flowing well.

The control loop 1s so fast that the time between

F

detection of a deviation of the flow parameter from its

10 setpoint and the manipulation of the aperture 1s shorter

than the time needed for the multiphase fluid to travel

25% of the distance between the position of the gas-

injection valve 75 of the production tubing 10 and the

downstream valve 30. Preferably the control time 1s as

p

15 short as possible, but some filtering of noise 1n the

pressure measurements on the time scale of seconds can be
applied.
A sultable way to start up a gas-lifted well 1s the
following. First start the well with normal 1lift gas flow
20 rate and with the variable valve with opening less than
optimal, to prevent casing heading. Subsequently the

controller is switched on and then the setpoint for the

flow parameter 1s increased slowly until optimal

operation is obtained. Final step can be the switching on

25 of an optimising controller.

An alternative start-up sequence is the following.

First start the well with excess 1lift gas so that it 1s

stable even with a nearly fully open wellhead control

valve. Then switch on the controller and slowly reduce

30 the 1ift gas to optimal rate. Final step can be agaln to

switch on the optimising controller.

Reference is now made to Figure 3 showing a gas-1lift

well 81, with two production tubings 10, 10", which are

arranged to receilve reservolr fluid from perforations

35 8,8"” at their lower ends 14,14, to which end packers
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12,127 are arranged. This so-called dual gas lifted well

can also be controlled by the method of the present

invention. Like reference numerals as in Figures 1 and 2

yi—

are used for the same or similar parts, numerals of parts

pertaining to the second (longer) production tubing are

primed.

There 1s a particular problem encountered in dual

gas—-lifted wells. The 1lift gas 1s supplied to the gas

injection valves 75, 75" through the common annulus 70.

Therefore there 1s normally no control over the

distribution of the lift gas 1nto the two production

*

strings 10, 10’. Of course the size of the orifices o:

the gas—-injection valves 1n combination with the pressure

difference across the orifices determines the

distribution. However, the pressure 1nside the production

tubes 1s significantly influenced by the multiphase flow

in the production tubing.

Applicant has observed that upon a normal fluctuation
in the hydraulic pressure of the multiphase fluid 1n one

string the gas injected via the respective gas-injection

valve into that string for example 1ncreases. This

results 1n a higher differential pressure across that

gas—injection valve, and subsequently even more gas 1s
supplied, causing the pressure 1n the annulus to drop.

This in turn reduces the pressure 1n the other production

tubing. In the end one finds the first string producing

slightly more than normal at double the 1lift gas rate,

whilst the second string does not produce at all because

it is deprived of any 1lift gas. Overall, significantly

less reservolir fluid 1s produced, and pressurized

injection gas in 1neffectively used.

In the embodiment in Figure 3 each production tubing

10, 10’ is provided with a flow restriction 12, 12’7, over

P
—

which a pressure difference 1s measured. The pressure

data from sensors 36, 36’, 37, 31" are fed to the
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controller 90. A flow parameter is calculated that

relates to a ratio of flow rates in both tubings. In the

-

case of using fixed restrictions 12,12’ as shown, the

flow rate can be regarded as directly proportional to the

square root of the pressure difference, so the ratio of

F

pressures, or the square root thereof, can be taken as

P

the ratio of

flow rates to be controlled.

In principle one can also determine the pressure

differences over the variable valves 30,30’, without

using separate fixed restrictions. In this case, the flow

parameter can be determined from the ratio of parameters

FP according to equation 1 for each tubing string,

thereby taking the valve apertures 1nto account.

In order to control the dual gas-1li1ft well of

Figure 3, first each tubing string 1s operated separately

to determine stable nominal 1lift gas injection conditions

for each string alone, 1n particular the valve aperture
and pressure drop over the restrictlon pertalining to the

same casling head pressure for both strings, measured at

the top of the annulus /0. It can be that, unless a

symmetrical layout of both tubing strings was used, the

lift-gas injection rate 1n both tubings differs, and in

this case the gas 1njection valve can be modified. It 1s

however not required that the gas 1njection 1s fully

symmetrical 1n both production tubings. The total nominal

F

lift gas requirement 1s the sum of the 1lift gas

requirements for both tubings 1n the nominal stable

conditions. From these tests a setpoint for the
controller 90 that controls the ratio of flow rates 1n

both tubing strings 1s determined.

After the nominal balanced lifting conditions have

been determined, the dual gas 1lift well 1s started up as

usual in the art, e.g. by supplying an excess of lift gas

to the well, and slowly opening the production valves 30,
307 .
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Now the controller 90 can be switched on. The

controller 90 1s arranged to manilipulate via control

line(s) 49 at least one of the wvalves 30,30’ so that the

ratio of flow rates 1s maintained close to its setpoint.

Switching on the controller is sultably done wherein care

is taken that the switching on occurs smoothly and does

not introduce 1nstabllities. Then the 1lift gas injection

rate can be slowly reduced to 1ts normal level by

sufficiently closing the annulus valve 72. Meanwhile the

controlled valves are closely watched to see 1f one of

the two tubings comes 1n the danger area where the choke

F

closes too far, which can be an i1indication of well

production problems e.g. lack of reservolr drive.

Then 11ft gas supply 1s slowly reduced and the

variable valves 30 and/or 30’ are manipulated so that the

predetermined 1njection rates for both tubling strings are

held in balance.

The controller can for example operate as follows.

p

The pressure difference of one string 1s multiplied by

P

predetermined factor that corresponds to the ratio of

pressure differences 1in the balanced situation. The

P
p—

result in subtracted from the pressure difference

determined for the other string. The controller tries to

maintain the difference at zero.

The controller has to control one wvariable

F

corresponding to the ratio of flow rates i1n both strings.

P
g

In principle it can be sufficilent to manipulate one of

the valves 30, 30’, while the other wvalve 1s kept at a

constant aperture, e.g. fully open. It was found that 1n

this case i1t can be preferable to control the valve of

the production tubing that tends to take in more gas than

desired.

In a particular embodiment, however, the controller

can advantageously use the additional degree of freedom

F

provided by the presence of the second valve to also
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control instabilities other than a mismatch of the ratio

P

between gas 1njection rates in both strings. So, other

heading phenomena can 1n principle be counteracted by

manipulating both valves at the same time. All control

action 1s performed so fast that the control time between

F

occurrence of an 1nstability (such as casing heading) or

fluctuation and the manipulation of the valve(s) is

shorter than 25% of the time it takes for multiphase

F

fluid i1n one of the production tubings to flow up the

length of that production tubing.

It will be understood that it 1s nevertheless

—

posslible to apply some filtering of the pressure data to

remove high-frequent noise from the measurements, but the

filtering would typically smoothen the measurements on a

time scale not longer than 5 seconds.

The flow control according to the present invention

can be the central part or 1nner loop of a more complex

control algorithm, 1ncluding one or more outer control

loops as well. An outer control loop differs from the

inner control loop 1n 1ts characteristic control time,

which 1s generally much slower than for the inner control
loop. One particular outer control loop can aim to

control an average parameter such as the average pressure

drop over the restriction or the average aperture of the

production valve, or the average consumption of 1lift gas

towards a predetermined setpoint for that parameter.

Such an outer control loop can serve tTo maximise

production of multiphase fluid through the conduit, by
aiming to keep the variable production valve at the top
of the production tubing in a nearly open position, SO as
to minimize the pressure drop in the long term and at the
same time leave some control margin to counteract short-

term fluctuations. An outer control loop can also aim to

minimize consumption of lift gas by acting on an annulus

valve.
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For determlining an average parameter in an outer
control loop the average 1s suitably taken over at least
2 minutes, and 1n many cases longer, such as 10 minutes
or more, so that that characteristic time of controlling
the average parameter 1s relatively long as well, at

least 2 minutes, but perhaps also 15 minutes or several

hours.
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1. A method for controlling the flow of a multiphase

fluid from a well extending into a subsurface formation,
which well 1s provided at a downstream position with a
valve having a variable aperture, which method comprises

P
p—

the steps of

— allowing the multiphase fluid to flow at a selected

P

aperture of the wvalve;

- selecting a flow parameter of the multiphase fluid,

which flow parameter 1s responsive to changes in a

F

gas/ligquid ratio of the multiphase fluid at an upstream

position 1n the well, and a setpoint for the flow

parameter; and monitoring the flow parameter;

— controlling the flow parameter towards 1ts setpoint

by manipulating the aperture of the valve;

wherelin the control time between detection of a deviation

p

from the setpoint and the manipulation of the aperture 1is

shorter than the time needed for the multiphase fluid to

travel 25% of the distance between the upstream and
downstream positions.

2. The method according to claim 1, wherein the control

time 1s shorter than 153, preferably shorter than 10% of

the time needed for the multiphase fluid to pass the

distance between the upstream and downstream positions.

3. The method according to any one of claims 1-2,

wherein the flow parameter 1s measured near the

downstream position.

P

4. The method according to any one of claims 1-3,

F
pu—

wherein the flow parameter 1s estimated as a function o:

F
Pl

a pressure difference over a flow restriction, which flow

parameter does not take i1nto account the actual
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*

composition of the multiphase fluid pertaining to the

pressure difference at the flow restriction.

5. The method according to any one of claims 1-4,

wherelin the variable valve 1s used as the restriction.

F

6. The method according to any one of claims 1-5,

wherein there 1s further provided an optimizing

controller that 1s operated to adjust the setpoint of the

aperture of the variable valve such that, on a time scale

longer than the time needed for the multiphase fluid to

travel the distance between the upstream and downstream

positions, the time-averaged flow parameter 1s optimized.

i

7. The method according to any one of claims 1-6,

wherein the well is a gas-1lift well provided with

production tubing having a gas 1njection valve at the

upstream position.

P

8. The method according to any one of claims 1-7,

wherein the well is a dual gas lifted well wherein the

production tubing forms a first production tubing,

wherein further a second production tubling 1s arranged,

and wherein a ratio of first and second flow parameters

n

of the multiphase fluid in the first and second

production tubing 1s controlled.

9. The method according to claim 8, wherein both
production tubings are provided with a variable valve,

and wherein both valves are controlled 1n order to

maintain the ratio of flow parameters and to counteract

another instability in the dual gas lifted well at the

same time.

10. A well extending into a subsurface formation for

producing a multiphase fluid to surface, which well 1s
provided at a downstream position with a valve having a

variable aperture, and with a control system for

controlling the multiphase flow, which control system

includes means for measuring a flow parameter of the

multiphase fluid, which flow parameter 1s responsive to
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changes 1in a gas/liquid ratio of the multiphase fluid at

an upstream position 1n the well, and a means for

controlling the flow parameter towards a selected

setpoint by manipulating the aperture of the valve,

wherein the control system 1s so arranged that the

control time between detection of a deviation from the

setpoint and the manipulation of the aperture is shorter

than the time needed for the multiphase fluid to travel

25% 0f the distance between the upstream and downstream

positions.
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