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Fig.1

(57) Abstract: A riser venting arrangement in a subsea riser (12) used for conveying hydrocarbons, includes an inner sheath (32)
and an outer sheath (35) separated by an annular space. The venting arrangement further comprises a permeate recovery device, such
as a vacuum pump (20) for recovering permeate passing through the sheaths into the annular space by creating a sub-atmospheric
pressure in the annular space, which permeate recovery device is connected to the riser adjacent an upper region thereof and commu-
nicates with a permeate recovery line (12); a permeate storage tank (22) connected to the recovery line; and a one-way valve (23) in
the recovery line between the permeate recovery device and the storage tank, preventing flow from the permeate recovery line into
the annular space.
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ARRANGEMENT FOR VENTING A RISER ANNULUS

TECHNICAL FIELD

The present invention relates to method and an arrangement for venting an

annular space between two sheaths in a riser for conveying hydrocarbons.
BACKGROUND ART

Conduits to transfer materials from the seafloor to production and drilling
facilities at the surface, as well as from the facility to the seafloor, are
commonly termed risers. Risers are a type of pipe developed for this type of
vertical transportation. Risers can serve as production or import/export
means and are the connection between the subsea field developments and
production and drilling facilities. Similar to pipelines or flow lines, risers
transport produced hydrocarbons, as well as production materials, such as
injection fluids, control fluids and gas lift. Usually insulated to withstand

seafloor temperatures, risers can be either rigid or flexible

A flexible riser is a hybrid that can accommodate a number of different
situations. Flexible risers can withstand both vertical and horizontal
movement, making them ideal for use with floating facilities. This flexible pipe
was originally used to connect production equipment aboard a floating facility
to production and export risers, but now it is found as a primary riser solution
as well. There are a number of configurations for flexible risers, including the
steep S and lazy S that utilize anchored buoyancy modules, as well as the

steep wave and lazy wave that incorporates buoyancy modules.

In general, a flexible riser comprises a central steel carcass covered by a
pressure sheath that provides hydraulic integrity. Numerous layers of flexible
armour surround the pressure sheath, or pressure vault, to provide tensile-
and hoop-stress strength. The armour layers are usually separated by
cushioning layers of composite or thermoplastic material to prevent them
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from rubbing against one another. The number and size of armour layers is a
function of the pressure and tensile strength specifications imposed by the
particular application for which the riser is designed. A final thermoplastic
outer sheath provides protection towards the external environment. The
layers between the pressure sheath and the outer protection sheath, partly
filled with steel armour, tapes is normally called the riser annulus. Special

riser structures may have two or more annuli.

In the case of flexible risers, gas and vapour diffusion can occur through the
riser pressure sheath into the riser annulus, exposing the riser armour to
condensation vapour, hydrocarbons and corrosive gases like CO, and HS,
also termed permeate. This will eventually cause corrosion and corrosion
fatigue of the riser armour, thus reducing its service life. Permeate in
gaseous form can migrate upwards and slowly pressures up the riser’'s
annulus by typically 0.5-1 bar above atmospheric. Then, a solenoid valve
opens, dumping the annulus gas through a gas flow meter into the flare line.
However, this migration is relatively slow and not all permeate can be

removed this way.

GB 2481765 describes a known method for removing liquid and gas from the
annulus of a flexible riser. In the vertical orientation, liquid permeate will
condense in the annulus and fall to the base of the riser under gravity, where
a column of liquid would quickly develop in the annulus. A reliable venting
system is required for the removal of the condensed permeate which collects
at the base of the riser. This is necessary to avoid the situation where the
liner experiences external overpressure and possible collapse in the event
that there is a loss of internal pressure in the bore. In this document, a
storage tank is connected to a lowermost portion of the riser, allowing liquid
to drain from the riser annulus. Liquid and gas can then be pumped to the
surface via separate recovery lines for gaseous and liquid permeate. A
problem with this solution is that it requires multiple conduits between the sea
floor and the surface, which causes difficulties when the riser needs to be
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disconnected at the sea floor or at the surface. Even though the condensed
fluids are drained with this arrangement, armour threads will still be wetted
and the partial pressures corrosive gases like H»S and CO, may still be at a
level high enough to cause corrosion fatigue.

Hence, there is a need for an arrangement that avoids the above problems.
The object of the invention is to provide an improved riser venting and drying
arrangement that will provide sufficient venting and drying of the riser
annulus and to reduce the partial pressure of the corrosive gases to avoid

annulus corrosion fatigue and corrosion problems.
DISCLOSURE OF INVENTION

The above problems are solved by an arrangement and a method as
described in the attached claims.

In the subsequent text, the term “permeate” is defined as covering any media
desirable to be vented from a subsea riser. Non-exhaustive examples of such
media are carbon dioxide (CO,), hydrogen sulphide (H>S) and water (H20).

The invention relates to a riser venting arrangement in a subsea riser used
for conveying hydrocarbons, the riser includes an inner sheath and an outer
sheath separated by an annular space containing steel armouring. The inner
sheath is often termed pressure sheath, and the outer sheath is an outer
protective sheath. The venting arrangement further comprises a permeate
recovery device for recovering permeate passing through the inner sheath
into the annular space by creating a sub-atmospheric pressure in the annular
space, which permeate recovery device is connected to the riser. The
permeate recovery device further communicates with a permeate recovery

line normally connected to a venting line.

The permeate recovery device is preferably connected adjacent an upper
region of the riser, but can also be connected adjacent a lower end of the
riser or at any suitable position between the upper end and the lower end.
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A valve, such as a one-way valve, is often included in the system, preventing
flow from the permeate recovery line back into the annular space.
Alternatively, a suitable controllable valve can be used. The valve is located

downstream of the permeate recovery device.

At a low point in the venting system there is typically placed a sample bottle,
or a suitable storage tank, for collecting condensing vapour. Such a storage
tank is preferably, but not necessarily, located downstream of the valve.

The permeate recovery device is preferably, but not necessarily, a vacuum
pump. In order to achieve the desired sub-atmospheric pressure any suitable

means or source of low pressure can be used.

The permeate recovery device is arranged to recover permeate in gaseous
form from the annular space. As the pressure in the annular space is
reduced, the partial gas pressure of the gases and liquids in the annular
space is reduced, lowering the boiling point of said media. According to one
example, the permeate recovery device is arranged to maintain a
predetermined sub-atmospheric pressure in the annular space, which
pressure is sufficient to prevent condensation of water, and other substances
therein and reduce the partial pressures of corrosive and harming gases like
CO, and H,S. For instance, CO,, H.S will always be is gas form at the

temperatures and pressures occurring in the riser annulus.

A pressure sensor can be arranged to monitor the sub-atmospheric pressure
in the annular space and to control operation of the permeate recovery
device. The pressure sensor can be connected to an electronic control unit
that controls the operation of the permeate recovery device, so that a
predetermined sub-atmospheric pressure can be maintained in the annular
space. The pressure sensor is arranged to monitor pressure variations in the

annular space, indicating a leakage in the riser.

The riser venting arrangement is preferably, but not necessarily, intended for
a flexible riser but can also be used for flexible jumpers and flow lines both
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topside and subsea. The particular design of the layers radially inside, in and

radially outside the annulus is not relevant to the invention as such.

The riser venting arrangement according to the invention can also be
provided with a flare connected to the sample bottle, or a storage tank,
wherein excess gaseous permeate can be vented from the sample bottle to

the flare.

The invention further relates to a riser venting method used to vent a subsea
riser for conveying hydrocarbons. As described above, the riser includes two
sheaths separated by an annular space. The method is preferably adapted
for use with the arrangement described above.

The method according to the invention comprises the steps of

- operating a permeate recovery device creating a sub-atmospheric pressure

in the annular space, and

- drawing vapour from the annular space through the permeate recovery

device to a vent line.

The invention further involves drawing vapour from the annular space past a
valve, such as a one-way valve, located downstream of the permeate

recovery device.

Vapour drawn from the annular space passes into a permeate storage tank
downstream of the permeate recovery device. When a valve is used, the

permeate storage tank is downstream of the one-way valve.

The riser venting method involves creating and subsequently maintaining a
predetermined sub-atmospheric pressure in the annular space, which
pressure is sufficient to prevent condensation of permeate, such as water
therein. The vapour can be drawn into a storage tank such as a sample
bottle.
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The riser venting method further involves monitoring the sub-atmospheric
pressure and controlling operation of the permeate recovery device. Pressure
variations in the annular space can be monitored, as variations can indicate a
leakage in the riser. For instance, a rate of pressure build-up that exceeds a
predetermined limit during a period of non-operation of the recovery device
indicates a leakage in the inner sheath or the outer sheath of the riser. By
sampling the permeate recovered from the annular space and determining its
chemical composition, the source of the leakage can be determined. For
instance, if the permeate comprises an increased hydrocarbon content, then
the leak is located in the inner sheath. Similarly, if the permeate comprises

an increased water content, then the leak is located in the outer sheath.

The system will also typically include a flow meter for detection of significant
increase of fluid flow as this will indicate a leakage in the sheaths comprising

the annulus.

The system can also be used for automatically or manual operated
measuring of the annulus volume. This can be done by stopping the pump,
typically once a year or more frequent if found appropriate, and let the
annulus pressure increase to typically atmospheric pressure. When starting
the pump again, the evacuated gas volume and the pressure decrease in the
annulus can be measured and the annulus volume can be calculated by the

gas equation.
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BRIEF DESCRIPTION OF DRAWINGS

In the following text, the invention will be described in detail with reference to
the attached drawings. These schematic drawings are used for illustration
only and do not in any way limit the scope of the invention. In the drawings:

Figure 1 shows a riser extending from the sea floor to a production vessel;

Figure 2  shows a schematic diagram of a riser with a venting arrangement

according to the invention; and

Figure 3  shows a schematic illustration of the layers making up a flexible

riser.
EMBODIMENTS OF THE INVENTION

Figure 1 shows a flexible riser 12 extending from the sea floor to a production
vessel 10. Oil is produced by subsea wells via a manifold, which passes
through rigid flow lines and then flexible risers into a floating production,
storage and offloading system. The vessel shown in this figure is a ship, but
the arrangement is applicable on any type of floating, semi-submersible of
permanent production platform. Flexible risers can withstand both vertical
and horizontal movement, making them ideal for use with floating facilities.
The flexible pipe was originally used to connect production equipment aboard
a floating facility to production and export risers, but can be used as a
primary riser solution as well. There are a number of configurations for
flexible risers, including the steep S and lazy S that utilize anchored
buoyancy modules, as well as the steep wave and lazy wave that
incorporates buoyancy modules. Figure 1 indicates both a lazy wave and a
steep wave arrangement of the flexible riser.

As shown in Figure 1, the riser assembly comprises a riser base11 located
on the seabed, connected to the lower end of the flexible riser 12. The
flexible riser 12 comprises a carcass, a pressure barrier, pressure and tensile

armours, and an outer protective sheath (not shown).



10

15

20

25

WO 2014/000760 PCT/EP2012/062233

Figure 2 shows a schematic diagram of a riser with a venting arrangement
according to the invention. Using the numbering from Figure 1, a riser 12
extends from a manifold (see Figure 1) located on the seabed to a vessel on
the surface.

The venting arrangement further comprises a permeate recovery device 20
for recovering permeate passing through the sheaths into the annular space
by creating a sub-atmospheric pressure in the annular space, which
permeate recovery device 20 is connected to the riser 12 adjacent an upper
region thereof. In this example, the permeate recovery device is a vacuum
pump 20. The vacuum pump 20 communicates with a permeate recovery line
21 and a permeate storage tank 22 connected to the recovery line 21
downstream of the vacuum pump 20. A one-way valve 23 is provided in the
recovery line 21 between the vacuum pump 20 and the storage tank 22. The
one-way valve 23 prevents flow from the permeate recovery line 21 back into

the annular space.

The permeate recovery device is preferably, but not necessarily, a vacuum
pump. In order to achieve the desired sub-atmospheric pressure any suitable

means or source of low pressure can be used.

The vacuum pump 20 is arranged to recover permeate in gaseous form from
the annular space. As the pressure in the annular space is reduced, the
partial gas pressure of the gases and liquids in the annular space is reduced,
lowering the boiling point of said media. According to one example, the
permeate recovery device is arranged to maintain a predetermined sub-
atmospheric pressure in the annular space, which pressure is sufficient to

prevent condensation of water therein.
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Table 1
Pressure Boiling point

Psi Bar Deg. F Deg. C
0,5 0,03 79,6 26,4
1 0,07 102 38,7
2 0,14 126 52,2
3 0,21 141 60,8
4 0,28 153 67,2
5 0,34 162 72,3
6 0,41 170 76,7
7 0,48 177 80,4
8 0,55 183 83,8
9 0,62 188 86,8
10 0,69 193 89,6
11 0,76 198 92,1
12 0,83 202 94.4
13 0,90 206 96,6
14 0,97 210 98,7
14,69 1,0 212 100

Table 1 shows the variation in boiling point (deg. F / deg. C) for water as the
pressure (psi / bar) in the riser annulus is reduced. As can be seen from the
table, the boiling point is reduced from 100 °C at 1 bar to 26,4 °C at 0,03 bar.
Temperature of the production fluid at the manifold 11 where it enters the
lower end of the riser can be 100°C. For relevant conditions, both CO. and
H.S have higher boiling points compared to H>O. It is therefore water present
in the annulus that governs the needed sub-atmospheric pressure. By

lowering the pressure in the riser annulus sufficiently, the evaporation of
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water and other substances that can be harmful to the riser is facilitated. The
temperature in the riser annulus will vary depending on the temperature of
the production fluid and the design of the riser, in particular with respect to
the insulation level of the riser. For a typical riser, the annulus temperature
can be within the range 30 to 80 °C. At these temperatures both CO, and
H.S will be in gaseous state. Lowering the pressure in annulus will lower the
partial pressures of these gases and reduce/prevent their contribution to
corrosion fatigue. Continuous venting will be the preferred operating method,
although intermittent venting may be used.

A pressure sensor 24 is arranged to monitor the sub-atmospheric pressure in
the annulus and to control operation of the permeate recovery device. In this
example, the pressure sensor 24 is shown at the upper end of the riser 12.
The pressure sensor 24 is connected to an electronic control unit 25 that
controls the operation of the vacuum pump 20, so that a predetermined sub-
atmospheric pressure can be maintained in the annular space. The pressure
sensor 24 is arranged to monitor pressure variations in the annular space,

indicating a leakage in the riser 12.

A flow meter is arranged in the recovery line 21 downstream of the one-way
valve 23, in order to monitor the flow of permeate from the riser 12. Using the
flow meter it is possible to determine the volume of the riser annulus. This
can be achieved by stopping the vacuum pump and allowing the pressure to
reach a predetermined level, for instance atmospheric pressure. The flow
meter is then used for measuring the volume of gas pumped out of the
annulus to reach, for instance, half the atmospheric pressure. The volume of

the riser annulus can then be calculated using the gas equation:
p*V/T = constant, where;

p = pressure
V = volume

T = temperature.
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On the production vessel, liquid permeate can be drained into a sample
bottle 26 from the conduit connected to the storage tank 22 and samples
taken for monitoring. The gases can be safely disposed of to the facility’s gas
vent system. The arrangement allows measurement and analysis of
permeated gas / liquid from a subsea location as opposed to directly venting
to atmosphere and can ensure that the necessary venting process does not
damage the environment. By determining the chemical composition of the
permeate, the source of the leakage can be determined. For instance, if the
permeate comprises an increased hydrocarbon content, then the leak is
located in the inner sheath. Similarly, if the permeate comprises an increased

water content, then the leak is located in the outer sheath.

However, in order to handle an emergency, the riser venting arrangement
according to the invention can be provided with an optional flare (not
shown) connected to the storage tank 22, wherein excess gaseous
permeate can be vented from the storage tank 22 to the facility’s gas

vent system to the flare.

The riser venting arrangement is preferably, but not necessarily, intended for
a flexible riser where the inner portion comprises a wound metal carcass
covered by a pressure sheath and the outer portion comprises layers of
flexible armour and an outer protective sheath. The particular design of
the flexible riser is not relevant to the invention as such. The invention
can be applied to any suitable riser configuration where it is desirable
to vent the annulus between the pressure sheath and the outer

protective sheath.

Figure 3 shows a schematic illustration of the layers making up a
flexible riser 30. In this example, the riser comprises, from the inner to
the outer layer, an internal load bearing structural layer 31 arranged to
prevent collapse of inner polymer layers due to pipe decompression

and/or external hydrostatic pressure, often termed a carcass, a fluid



10

15

20

WO 2014/000760 PCT/EP2012/062233

12

tight pressure barrier 32, load bearing structural layers 33, 34 and an
outer layer 35 or protective sheath. The carcass forms the innermost
layer of the flexible riser and is commonly made from stainless steel flat
strip that is shaped and wound into an interlocking profiled tube. For

certain riser applications the innermost carcass can be voided.

The pressure barrier is encased by a pressure amour and a tensile
armour. The pressure armour 33 is arranged to withstand the hoop
stress in the riser wall caused by the inner fluid pressure. The pressure
armour is wound around the pressure barrier and comprises
interlocking wires. Figure 3 shows two pressure armour layers. The
tensile armour 34 comprises layers of flat, rectangular wires cross-
wound in pairs and is used to resist tensile load on the flexible riser.
The outer layer 35 or protective sheath is an outer polymer sheath that
can be made from the same material as the pressure barrier. The outer
layer 35 is a barrier against seawater and provides a level of protection
for the armour layers. In this example, the annulus is located between

the pressure barrier 32 and the outer layer 35.

The invention is not limited to the above embodiments, but may be varied
freely within the scope of the claims.
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CLAIMS

1. Riser venting arrangement in a subsea riser used for conveying
hydrocarbons, the riser comprising an inner sheath and an outer sheath
separated by an annular space, characterized in that the venting
arrangement further comprises a permeate recovery device for recovering
permeate passing through the inner sheath into the annular space by
creating a sub-atmospheric pressure in the annular space, which permeate
recovery device is connected to the riser and communicates with a permeate

recovery line.

2. Riser venting arrangement according to claim 1, characterized in
that the permeate recovery device is connected to the riser adjacent an

upper region of the riser.

3. Riser venting arrangement according to clam 1 or 2,
characterized in that a permeate storage tank is connected to the

recovery line.

4. Riser venting arrangement according to any one of claims 1-3,
characterized in that a one-way valve is arranged in the recovery
line between the permeate recovery device and the storage tank, preventing

flow from the permeate recovery line into the annular space.

5. Riser venting arrangement according to any one of claims 1-4,

characterized in that the permeate recovery device is a vacuum

pump.

6. Riser venting arrangement according to any one of claims 1-5,
characterized in that the permeate recovery device is arranged to

recover permeate in gaseous form from the annular space.

7. Riser venting arrangement according to any one of claims 1-6,
characterized in that the permeate recovery device is arranged to

maintain a predetermined sub-atmospheric pressure in the annular space,
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which pressure is sufficient to prevent condensation of permeate therein and

reduce the partial pressures of corrosive gases.

8. Riser venting arrangement according to any one of claims 1-7,
characterized in that a pressure sensor is arranged to monitor the
sub-atmospheric pressure in the annular space and to control operation of

the permeate recovery device.

9. Riser venting arrangement according to claim 8, characterized in
that the pressure sensor is arranged to monitor pressure variations in the

annular space, indicating a leakage in the riser.

10. Riser venting arrangement according to any one of claims 1-9,
characterized in thatthe riser is a flexible riser comprises a metal
carcass covered by a pressure sheath armour layers and an external
sheath, where the pressure sheath and the external sheath surrounds

the annular space.

11. Riser venting arrangement according to any one of claims 1-10,
characterized in that the storage tank is connected to a vent
system, wherein excess gaseous permeate is vented from the storage

tank to the vent system.

12. Riser venting method used to vent a subsea riser for conveying
hydrocarbons, the riser comprising an inner sheath and an outer sheath
separated by an annular space, the method comprising the steps of

- operating a permeate recovery device creating a sub-atmospheric pressure

in the annular space, and

- drawing vapour from the annular space through the permeate recovery

device, and

- lowering partial pressures of gases in the annulus.
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13. Riser venting method according to claim 12, characterized by
drawing vapour from the annular space past a one-way valve downstream

of the permeate recovery device.

14. Riser venting method according to clam 12 or 13,
5 characterized by drawing vapour from the annular space into a

permeate storage tank downstream of the one-way valve.

15. Riser venting method according to any one of claims 12-14,
characterized by maintaining a predetermined sub-atmospheric
pressure in the annular space, which pressure is sufficient to prevent

10  condensation of water therein.

16. Riser venting method according to any one of claims 12-15,
characterized by monitoring the sub-atmospheric pressure and

controlling operation of the permeate recovery device.

17. Riser venting method according to any one of claims 12-16,
15 characterized by monitoring pressure variations in the annular

space, indicating a leakage in the riser.
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