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Description

[0001] The invention relates to a system for control-
ling production of crude oil through a production tubing
which extends into a gas-lifted oil well whereby lift-gas
is injected at a downhole location.
[0002] In such gas-lifted oil wells the pressure in the
production tubing may fluctuate which may lead to an
irregular in-flow of lift-gas that is injected into the pro-
duction tubing. Such irregular injection of lift-gas may
eventually cut off production of oil all together. Conse-
quently such unstable gas-lifted wells tend to seesaw
between oil-producing and non-oil-producing states
whereby slugs of crude oil and lift-gas are produced.
[0003] It is common practice to adjust the flow of lift-
gas that is injected into the well by means of a choke to
such a level that the production of crude oil is maximized
and stabilized.
[0004] The article "Wellhead monitors automate Lake
Maracaibo gas-lift" published by J C Adjunta and A Ma-
jek on pages 64-67 of the Oil and Gas Journal of 28 No-
vember 1994 discloses that an automatic choke may be
used which varies the flow of lift-gas such that it stays
close to a calculated optimum.
[0005] In the system known from this prior art refer-
ence the choke is located at the earth surface near the
wellhead of the gas-lifted well. A problem encountered
with the known system is that the gas injection conduit,
which is usually formed by the annular space between
the production tubing and the well casing, may have a
length of several kilometres and may have such a large
volume that it is not possible to accurately control the
amount of lift-gas which is injected downhole into the
production tubing by adjusting the flow of lift-gas that
enters the lift-gas injection conduit via the variable
choke at the wellhead.
[0006] It is also known, for example from International
patent application PCT/EP 95/00623, to adjust the flow
of lift-gas which is injected into the oil production tubing
by means of a surface controlled variable downhole or-
ifice via which the lift-gas is injected into the production
tubing.
[0007] Such a variable downhole orifice enables an
accurate control of the amount of lift-gas into the well
such that always a steady flow of lift-gas is injected and
a stable and optimum gas-lift is created.
[0008] However, the installation, operation and main-
tenance of such a variable downhole orifice is expen-
sive. In particular if the well is equipped with a dual com-
pletion, which may consist of two concentric production
tubings that extend to various depths in the well, and
gas is injected via the surrounding annulus and orifices
near the bottom of each of these tubings, then the in-
stallation of a set of two downhole valves in the well may
not be economical.
[0009] International patent application PCT/
AU87/00201 (International publication Number: WO
88/00277) discloses a method of start-up of oil produc-

tion in a gas lifted oil well wherein the inlet flow of the
injected gas is maintained substantially constant by
means of a vortex flowmeter.
[0010] UK patent application GB 2252797 (which rep-
resents the closest prior art as referred to in the pream-
ble of claim 1) discloses a gas-lifted oil production sys-
tem wherein a production choke and an inlet valve in the
gas injection conduit are adjusted simultaneously in a
pre-programmed parametric logic sequence to improve
the control of oil production.
[0011] A drawback of this known system is that said
pre-programmed sequence generates a fixed regime for
operating the two valves and which does not use feed-
back of operating conditions to adjust said sequence.
[0012] Furthermore the simultaneous adjustment of
the two valves may lead to oscillations in the lift gas flow,
particularly if lift gas stemming from a single source is
injected into a plurality of wells.
[0013] It is an object of the present invention to pro-
vide a system which is able to further enhance the ac-
curacy of control of the injection of gas into a gas-lifted
oil production well in such a manner that the crude oil
production is maximized and stabilized and which does
not require the use of downhole control equipment.
[0014] The system according to the invention thereto
comprises the control module comprising a PID control-
ler which is set to dynamically control the opening of a
choke in a production tubing in such a manner that the
fluid pressure within said lift-gas injection conduit is min-
imized and stabilized.
[0015] It will be understood that a PID controller is a
controller which gives an output signal which is propor-
tional to the input signal, but which also integrates and
differentiates the input signal to adjust the characteris-
tics of the output signal.
[0016] The control module may further comprise a
master controller which incorporates a fuzzy logic algo-
rithm to generate for the PID controller a setpoint for the
pressure in the lift-gas injection conduit.
[0017] The concept of a fuzzy logic control and of a
fuzzy controlled PID controller is known per se and de-
scribed for example in chapter 3 of the Handbook of In-
telligent Control: Neural, Fuzzy and Adaptive Approach-
es, written by A White and D A Sofge and issued by van
Nostrand Reinhold, New York, 1992.
[0018] Conveniently the variable choke and control
module are located at the earth surface at a location
near the wellhead of the gas-lifted oil production well.
[0019] The location of the choke and control module
at the earth surface allows installation and maintenance
thereof outside the well and without interruption of oil
production operations which saves significant cost and
effort. This is particularly relevant if the well comprises
a plurality of crude oil production tubings and lift-gas is
injected at various downhole locations into the various
production tubings via a common gas injection conduit
which is at least partly formed by an annular space be-
tween the production tubings and a well casing, and
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wherein each production tubing is equipped with a pro-
duction control system according to the invention.
[0020] These and other features, objects and advan-
tages of the system according to the invention will be-
come apparent from the accompanying claims, abstract
and drawings.
[0021] In the drawings:

Fig. 1 shows a schematic longitudinal sectional
view of a crude oil production well in which the crude
oil production is controlled by a system according
to the invention;
Fig. 2 shows a flowscheme of the control logic for
the control module CM of the control system shown
in Fig. 1;
Fig. 3 shows a flowscheme which further explains
the operation of the control logic for the control mod-
ule CM of the control system shown in Fig. 1; and
Fig. 4 is a graph which shows the results of an ex-
periment which indicates that the control system ac-
cording to the invention is able to optimize and sta-
bilize production from a gas-lifted well.

[0022] Referring now to Fig. 1 there is shown a gas-
lifted crude oil production well comprising a variable
choke 1 and a control module CM.
[0023] The choke 1 is mounted in a production tubing
2 which extends from near the bottom of an oil produc-
tion well 3 through the wellhead 4 towards processing
facilities (not shown) at the earth surface 5.
[0024] Oil is produced via perforations 6 that have
been shot into an oil bearing formation. A packer 7 is
mounted near the lower end of the production tubing 2
which provides a fluid barrier between the inflow zone
8 at the bottom of the well and the annular space 9 that
is formed between the outer surface of the production
tubing 2 and the inner surface of a well casing 10.
[0025] To stimulate the production of crude oil via the
production tubing 2 lift-gas is injected via the annulus 9
and a downhole orifice 11 into the production tubing 2.
[0026] The lift-gas is fed into the annulus via a gas
injection conduit 12 and an annular chamber 13 at the
wellhead 4. The gas injection conduit 12 is equipped
with a choke 14 which serves to adjust the flow of lift-
gas. However, the considerable volume and length of
the annular space 9 result in a significant delay between
the moment at which the position of the choke 14 is var-
ied and the moment that this results in a variation of the
flow of gas that passes through the downhole orifice 11.
[0027] The variable choke 1 and the control module
CM serve to avoid that swift variations in the fluid pres-
sure in the production tubing 2 would result in an unsta-
ble lift-gas injection regime whereby the lift-gas is inject-
ed in slugs via the downhole orifice 11 into the produc-
tion tubing 2 and the well would start to produce irregular
slugs of crude oil and lift-gas.
[0028] The control module CM is continuously or in-
termittently fed with data concerning the casing head

pressure CHP measured by a pressure gauge at the top
of the annular space 9 and the tubing head pressure
THP measured by a pressure gauge at the top of the
tubing 2. Also data are fed to the control module CM
concerning the temperature T of the produced fluid mix-
ture and the. flow of lift gas Qlg and of the produced fluid
mixture Qprod measured by flowmeters that are mounted
in the lift-gas injection conduit 12 and the production tub-
ing 2, respectively. In the embodiment shown the control
module CM does not only control the opening of the pro-
duction choke 1, but also the opening of the lift-gas in-
jection choke 14.
[0029] The principal operation of the control module
CM is that it adjusts the opening of the production choke
1 such that the flow of lift-gas through the downhole or-
ifice 11 remains approximately constant. This is
achieved by maintaining a constant differential pressure
across the downhole orifice. The pressure downstream
of the orifice can be influenced by varying the backpres-
sure at the wellhead, i.e. the tubing head pressure THP.
In this way the backpressure exerted by the tubing head
pressure THP on the produced fluid mixture is varied
such that the backpressure increases in response to a
decrease in the measured casing head pressure CHP
and vice versa. This variation of the tubing head pres-
sure THP is an adequate measure to accomplish a sub-
stantially constant rate of injection of lift-gas at the
downhole orifice 11.
[0030] The control module CM aims to minimize the
casing head pressure CHP by variation of the opening
of the production choke 1.
[0031] Without constraints, however, further and fur-
ther opening of the production choke 1 would lead to
instability. Therefore, the control module CM is set to
obey another rule which dictates that the lower the lift-
gas injection rate Qlg is the wider the control margin Cm
(t) on the production choke 1 needs to be. Setting this
control margin Cm(t) requires some empirical judge-
ment which is incorporated into a fuzzy control unit FCU
which is described in more detail with reference to Fig.
2 and Fig. 3.
[0032] Referring now to Fig. 2 there is shown a block-
scheme which shows the operation of the control mod-
ule CM.
[0033] The heart of the control module CM is formed
by a conventional PID controller, in the block-scheme
referred to as PID, which adjusts the position Cp(t) of
the production choke 1 in response to variations of the
measured casing head pressure CHP.
[0034] The flowscheme shows that the casing head
pressure CHP is dependant of the tubing head pressure
THP, the pressure Pres of the fluid in the pores of the
reservoir formation RES, and also on the lift-gas injec-
tion rate Qlg via the lift-gas choke 14 and the downhole
orifice 11.
[0035] The fuzzy control unit FCU provides a casing
head pressure setpoint CHP sp(t) for the PID controller
and also adjusts the position of the lift-gas injection
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choke 14 on the basis of empirical data, represented by
arrow 20, which identify classes of suitable positions of
the chokes 1 and 11 for various production rates.
[0036] Accordingly the fuzzy control unit FCU acts as
a master controller for the PID controller.
[0037] The interaction between the fuzzy control unit
FCU and the PID controller will be described in more
detail with reference to the flowscheme shown in Fig. 3.
[0038] The flowscheme will be described from top to
bottom and the actions of the fuzzy control unit FCU and
PID controller PID are contained within phantom lines.
[0039] The first box at the top indicates that a control
cycle starts with a measurement at a certain moment in
time (t) of the lift-gas injection rate Qlg(t), the casing
head pressure CHP(t) and the actual position Cp(t) of
the production choke 1.
[0040] The next box indicates that on the basis of the
measured gas flow rate Qlg(t) the fuzzy control unit cal-
culates the choke margin Cm(t).
[0041] Subsequently the fuzzy control unit FCU veri-
fies whether the actual choke position Cp(t) is below the
choke margin Cm(t).
[0042] If this is indeed the case the fuzzy control unit
FCU will decrease the setpoint for the casing head pres-
sure CHPsp(t) for the PID controller, whereas if this is
not the case said setpoint CHPsp(t) will be increased.
[0043] The PID controller subsequently verifies
whether the measured casing head pressure CHP is
lower than the setpoint CHPsp(t) supplied by the fuzzy
control unit FCU.
[0044] If this is indeed the case the PID controller will
decrease the choke opening Cp(t), whereas if this is not
the case the PID controller will increase the choke open-
ing.
[0045] The measurement and control cycle is then re-
peated after a selected interval of time and the same
steps of the procedure set out in the flowscheme are
taken again.
[0046] The performance of the control module was
tested in a miniaturized well in which water was pro-
duced via an 18 metres high riser pipe and in which air
was injected as lift-gas via an annulus surrounding the
pipe to enhance the flow of water through the riser pipe.
[0047] During the experiment the lift-gas injection rate
Qlg was 15 m3 per day and the productivity index PI,
simulated with a variable restriction, was 10 m3 per day
per bar.
[0048] The graph shown in Fig. 4 shows the response
of the casing head pressure CHP and fluid production
rate Qprod to various settings of the production choke at
the top of the riser pipe. The horizontal axis of the graph
represents elapsed time, in seconds. The vertical axis
contains a scale of 0-100 units which represent both the
opening Cp of the production choke (in %), the meas-
ured casing head pressure CHP times a factor 50 (in
bar) and the fluid production rate Qprod times a factor 10
(in m3 per day).
[0049] At the start of the experiment, between t = 0

and 240 s, the production choke position Cp was fixed
at 60% open. Without dynamic control, a fixed choke
setting of 60% was required to achieve stable produc-
tion.
[0050] The graph shows that at this choke setting the
production rate Qprod was stable and averaged 1.9 m3/
day.
[0051] At t = 240 s the control module was switched
on and accomplished an optimum choke setting Cp =
91% open at t = 420 s.
[0052] At this point the average production Qprod
equalled 3 m3 per day, which represents a production
increase of 55%.
[0053] At t = 660 s the control module was switched
off and the choke setting remained fixed at 91% open.
The graph shows that the production became unstable
and the production rate Qprod dropped to about 1.4 m3

per day.
[0054] At t = 960 s the control module was switched
on again. It detected that there was no gas injection
downhole because the casing head pressure CHP did
rise and the control module fully opened the production
choke. When downhole lift-gas injection started again
and the casing head pressure CHP thus dropped the
control module partly closed the choke and opened it
again to reach stable and optimum production again at
a rate of about 3 m3 per day.
[0055] It will be understood that the continuous or in-
termittent variation of the production choke opening
consumes a significant amount of power.
[0056] If the well is located at a remote location and
electrical power is not readily available, power for actu-
ating the production choke could be generated by a pos-
itive displacement motor or other rotary power generator
which utilizes the elevated pressure of the lift-gas within
the lift-gas injection conduit as a power source. Prefer-
ably the inlet of the motor or generator is connected to
the lift-gas conduit and the outlet thereof to the oil pro-
duction tubing.
[0057] The control system according to the invention
is also suitable for use on a well which comprises a plu-
rality of crude oil production tubings which produce
crude oil from various locations in a reservoir. Such a
well with multiple completions may produce crude oil ei-
ther from various inflow regions along a single wellbore
or from various inflow regions along different downhole
branches. In such case various production tubings may
be arranged concentrically within the upper part of the
well and lift-gas may be injected at different depths into
the production tubings via the annular space formed be-
tween the outermost tubing and the well casing. If in
such case each production tubing is provided with a con-
trol system according to the invention which adjusts the
opening of a production choke near the top of the pro-
duction tubing in question in the manner described with
reference to the drawings then a stable gas injection and
an optimum crude oil production is accomplished in
each of the production tubings.
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Claims

1. A system for controlling production of crude oil
through a production tubing which extends into a
gas-lifted oil production well and into which lift-gas
is injected at a downhole location, the system com-
prising:

- a variable choke for adjusting the flow of crude
oil through said production tubing; and

- a control module for dynamically controlling the
opening of the choke, which control module us-
es the pressure measured by a pressure gauge
in the lift-gas injection conduit as input signal;

characterized in that the control module comprises
a PID controller which is set to dynamically control
the opening of the choke in such a manner that the
fluid pressure within said lift-gas injection conduit is
minimized and stabilized.

2. The system of claim 1, wherein the control module
further comprises a master controller which incor-
porates a fuzzy logic algorithm to generate for the
PID controller a setpoint for the pressure in the lift-
gas injection conduit.

3. The system of any preceding claim, wherein the
variable choke and control module are located at
the earth surface at a location near the wellhead of
the gas-lifted oil production well.

4. The system of any preceding claim, wherein the
well comprises a plurality of crude oil production
tubings and lift-gas is injected at various downhole
locations into the various production tubings via a
common gas injection conduit which is at least part-
ly formed by an annular space between the produc-
tion tubings and a well casing, and wherein each
production tubing is equipped with a production
control system according to any preceding claim.

5. The system of any preceding claim, wherein the
variable choke is equipped with power means which
utilizes the elevated fluid pressure of the lift-gas
within the lift-gas injection conduit as a power
source.

6. The system of claim 5, wherein the power means
consist of a positive displacement motor of which
an inlet is connected to the lift-gas injection conduit
and an outlet is connected to the production tubing
or one of the production tubings.

Patentansprüche

1. System zum Steuern der Förderung von Rohöl

durch ein Förderrohr, das sich in ein mittels Gaslift
betriebenes Ölförderbohrloch erstreckt und in wel-
ches Liftgas an einem unten im Bohrloch liegenden
Ort injiziert wird, wobei das System umfaßt:

- eine variable Drossel zum Einstellen der Roh-
ölströmung durch das Förderrohr;

- ein Steuermodul zum dynamischen Steuern
der Öffnung der Drossel, welches Steuermodul
den Druck, der von einem Druckmesser in der
Liftgas-Injektionsleitung gemessen wird, als
Eingangssignal verwendet;

dadurch gekennzeichnet, daß das Steuermodul ei-
nen PID-Regler aufweist, der zur dynamischen
Steuerung der Öffnung der Drossel auf eine solche
Weise eingestellt ist, daß der Fluiddruck in der Lift-
gas-Injektionsleitung minimiert und stabilisiert wird.

2. System nach Anspruch 1, bei welchem das Steuer-
modul ferner einen Hauptkontroller aufweist, der ei-
nen Fuzzy-Logik-Algorithmus enthält, um für den
PID-Regler einen Einstellpunkt für den Druck in der
Liftgas-Injektionsleitung zu erzeugen.

3. System nach einem der vorhergehenden Ansprü-
che, bei welchem die variable Drossel und das
Steuermodul an der Erdoberfläche an einem Ort in
der Nähe des Bohrlochkopfes des mittels Gaslift
betriebenen Ölförderbohrloches liegen.

4. System nach einem der vorhergehenden Ansprü-
che, bei welchem das Bohrloch eine Vielzahl von
Rohölförderrohren aufweist und Liftgas an ver-
schiedenen unten im Bohrloch gelegenen Orten in
die verschiedenen Förderrohre über eine gemein-
same Gasinjektionsleitung injiziert wird, die zumin-
dest teilweise von einem Ringraum zwischen den
Förderrohren und einer Bohrlocheinfassung gebil-
det wird, und wobei jedes Förderrohr mit einem För-
derungssteuersystem gemäß einem der vorherge-
henden Ansprüche ausgestattet ist.

5. System nach einem der vorhergehenden Ansprü-
che, bei welchem die variable Drossel mit einer En-
ergieversorgung ausgestattet ist, welche den er-
höhten Fluiddruck des Liftgases in der Liftgas-In-
jektionsleitung als Energiequelle nützt.

6. System nach Anspruch 5, bei welchem die Energie-
versorgung aus einem Verdrängermotor besteht,
dessen Einlaß an die Liftgas-Injektionsleitung und
dessen Auslaß an das Förderrohr oder eines der
Förderrohre angeschlossen ist.
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Revendications

1. Système de régulation de l'extraction de pétrole
brut par un tubage d'extraction qui s'étend dans un
puits extrayant du pétrole sous l'action d'un gaz,
dans lequel le gaz de relèvement est injecté en un
emplacement situé en fond de puits, le système
comprenant :

- un étrangleur variable pour ajuster l'écoule-
ment de pétrole brut dans ledit tubage d'extrac-
tion; et

- un module de régulation pour réguler dynami-
quement l'ouverture de l'étrangleur, lequel mo-
dule de régulation utilise comme signal d'en-
trée la pression mesurée par un manomètre
dans le conduit d'injection de gaz de relève-
ment;

caractérisé en ce que le module de régulation
comprend un régulateur PID qui est réglé pour ré-
guler dynamiquement l'ouverture de l'étrangleur de
telle sorte que la pression du fluide dans ledit con-
duit d'injection de gaz de relèvement soit minimisée
et stabilisée.

2. Système selon la revendication 1, dans lequel le
module de régulation comprend en outre un régu-
lateur maître qui incorpore un algorithme à logique
floue pour générer pour le régulateur PID un point
de réglage de la pression dans le conduit d'injection
de gaz de relèvement.

3. Système selon l'une quelconque des revendica-
tions précédentes, dans lequel l'étrangleur variable
et le module de régulation sont situés à la surface
du sol, en un emplacement proche de la tête du
puits extrayant du pétrole sous l'action d'un gaz.

4. Système selon l'une quelconque des revendica-
tions précédentes, dans lequel le puits comprend
une pluralité de tubages d'extraction de pétrole brut
et dans lequel du gaz de relèvement est injecté en
différents emplacements de fond de puits dans les
différents tubages d'extraction par l'intermédiaire
d'un conduit commun d'injection de gaz qui est for-
mé au moins en partie par un espace annulaire si-
tué entre les tubages d'extraction et un cuvelage de
puits, chaque conduit d'extraction étant équipé d'un
système de régulation de l'extraction selon l'une
quelconque des revendications précédentes.

5. Système selon l'une quelconque des revendica-
tions précédentes, dans lequel l'étrangleur variable
est équipé d'un moyen d'entraînement qui utilise
comme source d'énergie la pression hydraulique
élevée du gaz de relèvement dans le conduit d'in-
jection de gaz de relèvement.

6. Système selon la revendication 5, dans lequel le
moyen d'entraînement est constitué d'un moteur à
déplacement positif dont une entrée est reliée au
conduit d'injection de gaz de relèvement et dont une
sortie est reliée au tubage d'extraction de l'un des
conduits d'extraction.
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