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Description
Field of invention

[0001] The presentinvention relates to a pipeline-riser
system, in particular to a pipeline-riser system comprising
an anti-slug valve. Moreover, the invention relates to a
method of operating a pipeline-riser system. Further-
more, the invention relates to a program element to and
a computer readable medium.

Art Background

[0002] In the field of offshore oil production often pipe-
line-riser systems are used. In particular, at offshore oil-
fields, subsea pipelines are used to transport the mul-
tiphase mixture of oil, gas and water from producing wells
to the processing facilities. Several kilometers of pipeline
run on the seabed ending with risers to top-side plat-
forms. Therefore, in new field developments, multiphase
transport technology and flow assurance become more
important. Especially, depleted reservoirs have low pres-
sures to push the fluid along the pipeline, and they are
prone to flow instabilities. Liquids tend to accumulate at
places with lower elevation, and can block the gas flow
inthe pipe. In low flow rate conditions, this blockage leads
to a slugging flow regime called terrain slugging.

[0003] If the oscillating frequencies or the correspond-
ing wavelengths of slugs are comparable to the length
of the riser, the flow condition is called "severe slugging"
or "riser-slugging”. The severe-slugging flow is also char-
acterized by large oscillatory variations in pressure and
flow rates. The oscillatory flow condition in offshore mul-
tiphase pipelines is undesirable and an effective solution
is neededto suppressit. One way to prevent this behavior
is reducing the opening of a choke valve arranged at the
top-side of the riser. However, this conventional solution
increases the back pressure of the valve, and it reduces
the production rate from the oil wells. The recommended
solution to maintain a non-oscillatory flow regime togeth-
er with the maximum possible production rate is active
control of the topside choke valve. Measurements such
as pressure, flow rate or fluid density are used as the
controlled variables and the top-side choke valve is the
manipulated variable. However, existing anti-slug control
systems are typically not robust in practice and the
closed-loop system becomes unstable after some time,
because of inflow disturbances or plant changes.
[0004] Thus, there may be a need for providing a pipe-
line-riser system showing a low probability of slugging
and a method of operating the same.

Summary of the Invention

[0005] This need may be met by a pipeline-riser sys-
tem, a method of operating a pipeline-riser system, a
program element to and a computer readable medium
according to the independent claims. Further embodi-
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ments are described in the dependent claims.

[0006] According to an exemplary aspect a pipeline-
riser system is provided which comprises a pipeline por-
tion, an anti-slug valve, and a riser portion, wherein the
pipeline portion is connected to the riser portion at a join-
ing point; and wherein the anti-slug valve is arranged in
proximity to the joining point.

[0007] In particular, the pipeline-riser system may be
an undersea pipeline-riser system, e.g. for offshore oil
production. For example, the pipeline section is arranged
upstream of the riser portion. In particular, the anti-slug
valve may be arranged in the pipeline portion, the riser
portion or at the joining point which is different to the
known arrangement of anti-slug valves which are typi-
cally located at the topside platform. For example, the
anti-slug valve may form the joining point or may be ar-
ranged at a base of the riser portion.

[0008] According to another exemplary aspect a meth-
od of slug controlling in a pipeline-riser system compris-
ing an anti-slug valve arranged in proximity to a joining
point of a pipeline portion and a riser portion of the pipe-
line-riser system is provided, wherein the method com-
prises controlling the anti-slug valve by a control signal
generated based on a measured signal indicative for a
flow of a fluid through the pipeline-riser system.

[0009] According to an exemplary aspect a program
element is provided, which, when being executed by a
processor, is adapted to control or carry out a method
according to an exemplary aspect.

[0010] According to an exemplary aspect a computer-
readable medium is provided, in which a computer pro-
gram is stored which, when being executed by a proces-
sor, is adapted to control or carry out a method according
to an exemplary aspect.

[0011] The term "pipeline portion" may particularly de-
note a portion of a tube system adapted to convey fluids,
e.g. natural gas, crude oil or a multiphase fluid and which
is arranged substantially horizontal or following the con-
tour of the terrain, e.g. a subsea floor. A pipeline portion
has to be distinguished from a riser portion of a pipeline-
riser system.

[0012] The term "riser portion" may particularly denote
a portion of the tube system which is arranged substan-
tially vertical or at least does not follow a contour of the
terrain. In particular, the riser portions may be that por-
tions of a subsea tube arrangement, which are adapted
to convey crude oil from the sea level to the surface, e.g.
by pumping up the crude oil or multiphase fluid.

[0013] The term "anti-slug valve" may particularly de-
note a valve which is adapted or suitable to reduce or
avoid slugging in a conveying pipeline-riser system. In
particular, the anti-slug valve may be controllable or may
be have a preset throughput of a fluid, e.g. crude oil.
[0014] The term "proximity to the joining point" may
particularly denote a point which is closer to the joining
point than to other prominent points, like the top of the
well where the pipeline section is connected to the well
or the upper or top-side of the riser where the riser is
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connected to an outlet or to a further pipeline. That is,
the anti-slug valve may particularly be arranged closer
to the joining point than to the well head of a subsea well
and/or a top-side of the riser portion.

[0015] Surprisingly the inventors have found out by ex-
periments using a testrig and performing simulations that
an anti-slug valve while arranged before or at the begin-
ning of a riser portion, in which riser slugging occurs,
allows for reducing or even eliminating slugging during
conveying of fluids through the pipeline-riser system.
[0016] Experiments have shown that anti-slug valves
at the two positions, i.e. in proximity to the joining point
and at the top-side of the riser provide a substantially
equal operation range. Thus, it may be possible to pro-
vide a more robust anti-slug control and/or a more robust
slug control and therefore an improved oil production
when providing an anti-slug valve at or close to the joining
point of the pipeline portion and the riser portion. Further-
more, the provision of an anti-slug valve at the joining
point of the (subsea) pipeline portion and the riser portion
may allow for using a common top-side (choke) valve for
other controlling than slugging control, e.g. for absolute
flow rate control or safety and shutdown purposes, and
thus may allow for a production optimization.

[0017] Next further embodiments of the pipeline-riser
system will be described. However, these embodiments
also apply to the method of operating a pipeline-riser sys-
tem, to the program element and to the computer read-
able medium.

[0018] According to an exemplary embodiment of the
pipeline-riser system the anti-slug valve comprises a con-
trol interface adapted to receive control signals.

[0019] In particular, the control signal may be suitable
or may be adapted to modify or change a throughput of
the anti-slug valve, e.g. by increasing or decreasing an
aperture of the anti-slug valve, for example formed by a
choke valve or the like. By providing a controllable anti-
slug valve it may be possible to even further increase the
anti-slugging control and/or to provide a higher rate of
crude oil production or conveying through the pipeline-
riser system.

[0020] According to an exemplary embodiment the
pipeline-riser system further comprises a processing
unit, wherein the processing unit is adapted to generate
control signals adapted to control a throughput of the
anti-slug valve. In particular, the processing unit may be
a computer or computer unit.

[0021] According to an exemplary embodiment the
pipeline-riser system further comprises a sensor unit ar-
ranged in connection to the pipeline-riser system and
adapted to measure values of flow parameters.

[0022] In particular,the flow parameters maybe a pres-
sure, flow rate of a fluid flowing through the pipeline-riser
system or a fluid density. By using these parameters a
suitable control signal may be achievable since these
parameters describe at least partially the flowing regime
and flowing behavior of the multiphase fluid.

[0023] According to an exemplary embodiment of the
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pipeline-riser system the sensor unit is arranged down-
stream of the anti-slug valve. In particular, the sensor
unit may thus measure the values of flow parameters at
a position downstream of the anti-slug valve.

[0024] According to an exemplary embodiment of the
pipeline-riser system the anti-slug valve is arranged at a
position having a distance to the joining point, wherein
the distance is smaller than five lengths of the riser por-
tion.

[0025] In particular, the distance may be smaller than
three lengths of the riser portion, more particular smaller
than one length or even smaller than half the length of
the riser portion. Preferably the distance may be smaller
than a fifth of the length of the riser portion, more prefer-
ably smaller than a tenth of the length of the riser portion.
The length of the riser portion may particularly be defined
from the joining point to the surface of the sea or to a
further joining point at which a further horizontal pipeline
section is attached to the riser portion.

[0026] According to an exemplary embodiment of the
pipeline-riser system the anti-slug valve is arranged at a
position having a distance to the joining point which is
lower than 1000 m. In particular, the distance may be in
the range of 0 m to 500 m, more particularly in the range
of 0 m to 250 m or, even more patrticularly in the range
of 0 m to 100 m, most particular in the range between 0
m and 50 m or even in the range between 0 m and 10 m
or in the range between 0 m and 5 m.

[0027] According to an exemplary embodiment of the
pipeline-riser system a ratio of a volume of the pipeline
portion from the anti-slug valve to the joining point and a
volume of the riser portion is below ten.

[0028] The ratio of volumes may be another possibility
to define the distance or proximity. In particular, the ratio
may be below 7, more particular below 5, even more
particular below 2.5. Preferably the ratio may be between
0 and 1 or even between 0 and 0.5.

[0029] Next further embodiments of the method of op-
erating a pipeline-riser system will be described. Howev-
er, these embodiments also apply to the pipeline-riser
system, to the program element and to the computer
readable medium.

[0030] According to an exemplary embodiment the
method further comprises measuring values of a process
parameter which is indicative of the flow of a fluid through
the pipeline-riser system.

[0031] For example, the respective measured values
may beincluded in the measured or measurement signal.
In particular, the measured variables may be a pressure
or a timely behavior of pressure of the fluid flowing
through the pipeline, a volumetric flow rate or mass flow
rate, a flowing rate, an oscillation frequency of timely var-
iation of a pressure. All these variables may be measured
in particular from the subsea pipeline, i.e. from the pipe-
line portion or at the top-side of the riser portion or section.
[0032] According to an exemplary embodiment the
method further comprises generating the control signal
based on the measured signal. For example, the control
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signal may be generated by a control unit and/or process-
ing unit, like a computer.

[0033] Inparticular, agistof an exemplary embodiment
may be seen in providing an anti-slug valve for an un-
dersea pipeline-riser system, wherein the anti-slug valve
comprises a control interface and is adapted to be mount-
ed between an undersea pipeline of the pipeline-riser
system and a riser of the pipeline-riser system. The anti-
slug valve may be arranged close to the joining point of
a pipeline portion and a riser portion of the pipeline-riser
system, e.g. in particular, before the riser section in which
a riser slugging occurs. It has been found out that al-
though the anti-slug valve is thus arranged before or at
least at the beginning of the riser section it may be pos-
sible to decrease the probability of riser slugging and/or
the amount of riser slugging.

[0034] In particular, the anti-slug valve may be a choke
valve. The term "anti-slug valve" may particularly denote
a valve, e.g. a choke valve, which is adapted to control
a flow through a pipeline, in particular, to prevent or at
least reduce the probability of an oscillatory flow regime.
In particular, the anti-slug valve may be adapted to be
controlled by a control signal, wherein the controlling may
be provided by increasing or decreasing a flow rate
through the anti-slug valve, e.g. by opening or closing an
aperture of the anti-slug valve.

[0035] The aspects defined above and further aspects
of the present invention are apparent from the examples
of embodiment to be described hereinafter and are ex-
plained with reference to the examples of embodiment.
The invention will be described in more detail hereinafter
with reference to examples of embodiment, but to which
the invention is not limited.

Brief Description of the Drawings

[0036]

Fig. 1  shows a simplified experimental set-up.

Fig. 2 shows a schematic piper-riser system for sim-
ulation.

Fig. 3  shows some simulation results.

Detailed Description

[0037] The illustration in the drawing is schematically.
It is noted that in different figures, similar or identical el-
ements may be provided with the same reference signs
or with reference signs, which are different from the cor-
responding reference signs only within the first digit.

[0038] Fig. 1 shows a simplified experimental set-up.
In particular, Fig. 1 shows a simplified pipeline-riser sys-
tem 100 comprising a fluid reservoir 101 for simulating
an oilfield for example. The fluid reservoir is connected
via a pump 102 (simulating the pressure the crude oil in
the oil field is exposed to) and a water flow meter 103 to
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a mixing point 104. Furthermore, an air flow meter 105
is connected to an air buffer tank 106 having a pressure
of P4 or P;,. The air buffer tank 106 is connected to the
mixing point 104 via a safety valve 107 and is used in
the experiment to simulate gas expansion of a very long
pipeline (corresponding to a real pipeline-riser system).
The mixing point 104 corresponds in principle to the well
head of a real offshore pipeline-riser system. At the mix-
ing point the water/air fluid has a pressure of P; and is
pumped through a pipeline portion or section 108 which
is arranged substantially horizontal. Close or at the other
end of the pipeline portion 108 a subsea valve 109 is
arranged which may form an anti-slug valve of the ex-
perimental set-up. At the subsea valve 109 the mul-
tiphase (water/air) fluid has a pressure of P, (pressure
at riser bottom) or Py,.

[0039] In the experimental set-up of Fig. 1 a riser of
the pipeline-riser system 100 is formed by a framework
structure to which the riser portion 110 is attached for
simulating the riser portion of a real pipeline-riser system.
The riser portion 110 and the pipeline portion 108 are
joined at a joining point 113. At top of the framework
structure a top-side valve 111 is connected to the riser
110 simulating a common top-side valve whichis typically
used for slugging control. At the top-side the multiphase
fluid has a pressure of P, (pressure at riser top) or P,.
After the top-side valve the multiphase fluid is conveyed
to a separator 112 in which the air phase is separated
from the water phase which is recycled and conveyed
back to the water reservoir 101.

[0040] Fig. 2 shows a schematic piper-riser system for
simulation. In particular, the schematic pipeline-riser sys-
tem 200 may be used in a simulation of the experimental
set-up of Fig. 1 and forms a well-pipeline-riser model. In
the simulation, e.g. a simulation with the known OLGA
tool a reservoir 201 is defined which has a pressure of
Ppn (pressure at bottom hole). Furthermore, a well 213
is defined simulating a real well and connected at the
upper end to a wellhead valve 214 at which a pressure
of Py, (pressure at wellhead) is present. The wellhead
valve 214 may form a first anti-slug valve which is ana-
lysed in simulation and is thus also labelled Z5 in Fig. 2.
After the wellhead valve 214 the pressure of the mul-
tiphase fluid is described by Py, (pressure at inlet). The
wellhead valve 214 is connected to a pipeline portion 208
which is simulated to be substantially horizontal. At a
joining point 215 a subsea valve or riser-base valve 209
is arranged and at which the multiphase fluid pressure
is described by P, (pressure atriser bottom). The subsea
valve 209 may be used as an anti-slug valve and is thus
also labelled by Z,. Furthermore, a riser 210 is defined
in the simulation at the top-side of which a tops-side valve
211 is defined. A pressure at the top-side valve 211 is
described by P, (pressure atriser top). The top-side valve
211 may also be used as an anti-slug valve and is thus
also labelled by Z,.

[0041] In the simulation in particular the above de-
scribed pressure values (Py,, Pyh, Pins Prp @and P) may
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be used as control variables.

[0042] Fig. 3 shows some simulation results as a com-
parison of the effects of a slugging control using a top-
side valve (left side of Fig. 3) and subsea valve (right side
of Fig. 3) by showing the so called bifurcations diagrams,
describing the steady-state and the dynamics of this sys-
tem. In particular, Fig. 3 shows the results of a simulation
used to compare a simplified simulation model to exper-
iments and simulations using the OLGA model. Fig. 3A
shows the pressure P, at the inlet of the pipeline vs. the
top-side valve opening (Z3) in percent. Fig. 3B shows the
pressure P ;atthe top of riser vs. the top-side valve open-
ing (Z3) in percent. Fig. 3C shows the pressure P, at the
inlet of the pipeline vs. the subsea valve opening (Z,) in
percent. Fig. 3D shows the pressure P, at the top of riser
vs. the subsea valve opening (Z,) in percent.

[0043] In the whole Fig. 3 the simplified model (thin
solid lines; 301, 302, 303) is compared to the experiments
(bold solid lines; 304, 305, 306) and the OLGA model
(dashed lines; 307, 308, 309). In Figs. 3A and 3B (top-
side valve used for slugging control), the system has a
stable (non-slug) flow when the topside valve opening
Z4 is smaller than 15%, and it switches to slugging flow
conditions for Z; > 15%. In each of the Figs. 3A and 3B
three lines for each of the three experiment/models for
slugging conditions are shown. They represent the min-
imum (301 for experiment, 304 for simple model and 307
for OLGA model) of the oscillations, the maximum (302
for experiment, 305 for simple model and 308 for OLGA
model) of the oscillations and the steady-state (303 for
experiment, 306 for simple model and 309 for OLGA
model). The steady-state at slugging condition (Z; >
15%) is unstable, but it can be stabilized by using control.
[0044] InFigs. 3C and 3D (subsea valve used for slug-
ging control), the system has a stable (non-slug) flow
when the subsea valve opening Z, is smaller than 8%,
and it switches to slugging flow conditions for Z, > 8%.
In each of the Figs. 3C and 3D as well three lines for
each of the three experiment/models for slugging condi-
tions are shown. They represent the minimum (301 for
experiment, 304 for simple model and 307 for OLGA
model) of the oscillations, the maximum (302 for exper-
iment, 305 for simple model and 308 for OLGA model)
of the oscillations and the steady-state (303 for experi-
ment, 306 for simple model and 309 for OLGA model).
The steady-state at slugging condition (Z, > 8%) can be
stabilized by using control. Thus according to the simu-
lations the critical valve opening for the subsea valve is
Z,=8% as shown in Fig. 3C and Fig. 3D. With the OLGA
model it was more difficult to capture both steady-state
and the dynamics for the subsea choke valve atthe same
time. However, by adjusting the coefficient of discharge
of the subsea valve it was possible to get the critical valve
opening correct.

[0045] Summarizing, the experimental results and the
two models all show that by using a subsea valve ar-
ranged close to the basis of a riser portion in a pipeline-
riser system may be a suitable candidate for anti-slug
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control or as an anti-slug valve which at least show similar
results as the use of a top-side valve for slugging control.
By using the subsea valve for slugging control acommon
top-side valve may be used for different control or ad-
justing processes, e.g. for absolute flow rate control or
safety and shutdown purposes, and thus may allow for
a production optimization.

[0046] It should be noted that the term "comprising"
does not exclude other elements or steps and "a" or "an"
does not exclude a plurality. Also elements described in
association with different embodiments may be com-
bined. It should also be noted that reference signs in the
claims should not be construed as limiting the scope of
the claims.

Claims
1. A pipeline-riser system (100) comprising:

a pipeline portion (108);

an anti-slug valve (109); and

a riser portion (110);

wherein the pipeline portion (108) is connected
to the riser portion (110) at a joining point (113);
and

wherein the anti-slug valve (108) is arranged in
proximity to the joining point (113).

2. The pipeline-riser system (100) according to claim 1,
wherein the anti-slug valve (109) comprises a control
interface adapted to receive control signals.

3. The pipeline-riser system (100) according to claim 1
or 2, further comprising a processing unit, wherein
the processing unit is adapted to generate control
signals adapted to control a throughput of the anti-
slug valve.

4. The pipeline-riser system (100) according to any one
of the claims 1 to 3, further comprising:

a sensor unitarranged in connection to the pipe-
line-riser system (100) and adapted to measure
values of flow parameters.

5. The pipeline-riser system (100) according to claim
4, wherein the sensor unit is arranged downstream
of the anti-slug-valve.

6. The pipeline-riser system (100) according to anyone
of the claims 1 to 5, wherein the anti-slug valve (109)
is arranged at a position having a distance to the
joining point (113), wherein the distance is smaller
than five lengths of the riser portion (110).

7. The pipeline-riser system (100) according to any one
of the claims 1 to 6, wherein the anti-slug valve (109)
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is arranged at a position having a distance to the
joining point (113) which is lower than 1000 m.

The pipeline-riser system (100) according to any one
of the claims 1 to 7, wherein a ratio of a volume of
the pipeline portion from the anti-slug valve to the
joining pointand a volume of the riser portion is below
ten.

A method of slug controlling in a pipeline-riser sys-
tem (100) comprising an anti-slug valve (109) ar-
ranged in proximity to a joining point (113) of a pipe-
line portion (108) and ariser portion (110) of the pipe-
line-riser system (100), wherein the method compris-
es:

controlling the anti-slug valve (109) by a control
signal generated based on a measured signal
indicative for a flow of a fluid through the pipe-
line-riser system (100).

The method according to claim 9, further comprising:

measuring values of a process parameter which
is indicative of the flow of a fluid through the pipe-
line-riser system (100).

The method according to claim 9 or 10, further com-
prising:

generating the control signal based on the
measured signal.

A program element, which, when being executed by
aprocessor, is adapted to control or carry out a meth-
od according to any one of the claims 9 to 11.

A computer-readable medium, in which a computer
program is stored which, when being executed by a
processor, is adapted to control or carry outa method
according to any one of the claims 9 to 11.
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