7010765 A1 | IV 00O O 0O

WO 20

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
2 February 2006 (02.02.2006)

(10) International Publication Number

WO 2006/010765 Al

(51) International Patent Classification : B01D 19/00,
E21B 43/34, BO1D 17/02
(21) International Application Number:
PCT/EP2005/053663

(22) International Filing Date: 27 July 2005 (27.07.2005)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
04103597.3 27 July 2004 (27.07.2004) EP
04104021.3 20 August 2004 (20.08.2004) EP

(71) Applicant (for all designated States except US): SHELL
INTERNATIONALE RESEARCH MAATSCHAPPLJ
B.V.[NL/NL]; Carel van Bylandtlaan 30, NL.-2596 HR The
Hague (NL).

(72) Inventor; and

(75) Inventor/Applicant (for US only): KLAVER, Theodorus
Cornelis [NL/NL]; Volmerlaan 8, NL-2288 GD Rijswijk
(NL).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,
SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

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.

(54) Title: PLANT FOR SEPARATING A MIXTURE OF OIL, WATER AND GAS

§ X X ,
|
417 40 48
1 ~—-10
/ 66 69
5 5 7 15 9 45
e LY AT
33 S 9 18 67 & 62 2
' 56 59
e 5
~—30 577
50
52 o5

N7

’%\31

S
g

N

(57) Abstract: A plant for separating a mixture of oil, water and gas produced from a well, the plant comprising a first in-line
separator for separating the mixture into a gas stream substantially free of liquid and a liquid stream substantially free of gas, the
N\ first in-line separator being provided with an inlet conduit for supplying the mixture to the first in-line separator, a second in-line
& separator for separating the liquid stream into an oil stream substantially free of water and a water stream substantially free of oil, the
second in-line separator being provided with an inlet conduit for supplying the liquid stream to the second in-line separator. Each in—
line separator comprises a chamber for separating the respective fluid stream supplied to the in-line separator, said chamber having
an internal diameter substantially equal to the internal diameter of the respective inlet conduit of the in-line separator.
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PLANT FOR SEPARATING A MIXTURE OF OIL, WATER AND GAS

The present invention relates to a plant for
separating at separation pressure a mixture of oil, water
and gas into its components.

Such a separation plant normally comprises a supply
conduit provided with a pressure reduction valve to allow
during normal operation reducing the pressure of the
mixture from a high pressure to the separating pressure
and a plurality of interconnected separator vessels. The
separator vessels are sufficiently large to get a good
separation.

A disadvantage of such a plant is that in case of a
shut down the separator vessels have to be emptied. To
this end the separation plant should be connected to a
pressure relief and blowdown system including a flare, so
that the vapours and liquids can be conducted to the
flare.

It is an object of the invention to provide a
separation plant that does not have separator vessels,
but consists of pipes so that the plant has a small
inventory and therefore does not need a pressure relief
and blowdown system.

In accordance with the invention there is provided a
plant for separating a mixture of oil, water and gas
produced from a well, the plant comprising:

- a first in-line separator for separating the mixture
into a gas stream substantially free of liquid and a
liquid stream substantially free of gas, the first in-
line separator being provided with an inlet conduit for
supplying the mixture to the first in-line separator;

- a second in-line separator for separating the liquid

stream into an oil stream substantially free of water and
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a water stream substantially free of o0il, the second in-
line separator being provided with an inlet conduit for
supplying the liquid stream to the second in-line
Separator;

wherein each in-line separator comprises a chamber
for separating the respective fluid stream supplied to
the in-line separator, said chamber having an internal
diameter substantially equal to the internal diameter of
the respective inlet conduit of the in-line separator.

Separation of the fluid stream in the chamber can
take place on the basis of gravitational forces,
centrifugal forces, or a combination of gravitational and
centrifugal forces. However it is preferred that the
chamber is a swirl chamber having means for inducing a
swirling motion to the respective fluid stream supplied
to the in-line separator so as to separate the fluid
stream by centrifugal forces exerted to the fluid stream.

By virtue of the feature that the internal diameter
of the swirl chamber is substantially equal to the
internal diameter of the respective inlet conduit of the
in-line separator, it is achieved that the fluid content
of the plant (referred to as: inventory) is not
substantially greater than the internal volume of the
piping of the plant. Thus in case of a temporary shut-
down of the plant, no large volume of gas is present in
the plant. As a result there is no need to relieve the
internal pressure from the plant during such shut-down,
and consequently there is no need to flare any remaining
gas from the plant. Furthermore, since the in-line
separators are of a diameter comparable to the diameter
of the piping of the plant, the separators can be
designed according to a pipeline-code instead of a
vessel-code as for conventional separators. This implies

that the plant is significantly lighter than conventional
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plants which include conventional, gravity based,
separators.

In case of an offshore well, it is preferred that the
plant is positioned on the seabed, thereby obviating the
need for an offshore platform to process the produced
hydrocarbon fluid.

Suitably the plant is mounted on a skid provided with
means for lifting the skid and transporting the skid.
Such arrangement allows the plant to be moved from one
well to another well after the production of hydrocarbon
fluid from said one well has declined to a level whereby
further production is no longer economical.

It is preferred that the inlet conduit of the first
in-line separator is in fluid communication with a single
well for the production of hydrocarbon fluid. Such
arrangement allows the plant to be very light, and
obviates the need to provide commingling facilities for
commingling hydrocarbon fluid from different wells.

The invention will now be described in more detail
with reference to the accompanying drawings, wherein

Figure 1 shows schematically and not to scale an on-
shore embodiment of the present invention; and

Figure 2 shows schematically and not to scale a
subsea embodiment of the present invention.

Reference is now made to Figure 1, showing
schematically an on-shore plant 1 for separating at
separating pressure a mixture of oil, water and gas into
its components.

The separation plant 1 comprises a first in-line
separator 2 for separating gas from the mixture to obtain
a substantially gas-free liquid and a gas having a
reduced liquid content. The first in-line separator 2 has
an inlet 3 adapted to be connected to a supply conduit 5
and separate outlets 7 and 9 for gas and liquid,

respectively.
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The separation plant 1 further comprises means 10 for
removing the gas having a reduced liquid content from the
outlet for gas 7 of the first in-line separator 2.

The separation plant 1 further comprises a second in-
line separator 12 for separating water from the
substantially gas-free liquid to obtain a substantially
oil-free water and a substantially water-free oil. The
second in-line separator 12 has an inlet 15 that is in
fluid communication with the outlet for liquid 9 of the
first in-line separator 2 and separate outlets 18 and 19
for water and oil, respectively.

The separation plant 1 further comprises separate
means 25 and 27 for removing the substantially oil-free
water and the substantially water-free o0il from the
outlets 18 and 19 for water and oil of the second in-line
separator 12.

An example of an in-line separator is a dual-tube
horizontal o0il and gas separator as described in
Petroleum Engineering Handbook, edited by H B Bradley,
SPE.

The separation plant 1 is connected to a supply
conduit 5, which extends from a wellhead 30 pertaining to
a well 31 in an underground formation 33. The wellhead 30
is provided with a suitable shut-in valve 35.

In the embodiment as shown in Figure 1, the inlet 15
of the second in-line separator 12 is in direct fluid
communication with the outlet for liquid 9 of the first
in-line separator 2.

In an alternative embodiment, the plant 1 further
comprises an in-line demulsifier (not shown) having an
inlet that is in direct fluid communication with the
outlet for liquid of the first in-line separator and an
outlet that is in direct fluid communication with the

inlet of the second in-line separator. An example of an
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in-line demulsifier is an electrostatic or an ultrasonic
coalescer.

The means 10 for removing the gas having a reduced
liquid content is suitably a sealless compressor 40. The
sealless compressor 40 is arranged together with its
electric motor 41 in a closed housing 45. The
compressor 40 has a suction end 46 that is connected by
means of a conduit 47 the outlet for gas 7 of the first
in-line separator 2. The compressor 40 has a discharge
end 48 that is connected to a pipeline 49. During normal
operation, the compressor 40 raises the pressure of the
gas from separation pressure to pipeline pressure.

The means for removing the substantially oil-free
water 25 is a canned water pump, which is a pump 50
arranged in a closed housing 52. The pump 50 has a
suction end 53 and a discharge end 56. The suction end 53
is in direct fluid communication with the outlet for
water 18 of the second in-line separator 12 via
conduit 57. The substantially oil-free water is passed
away through conduit 59, which is connected to the
discharge end 56, to a suitable storage place (not
shown). Alternatively the water is passed to an injection
well to inject the water into an underground reservoir.

The means for removing the substantially water-free
oil 27 is a canned o0il pump, which is a pump 60 arranged
in a closed housing 62. The pump 60 has a suction end 63
and a discharge end 66. The suction end 63 is in direct
fluid communication with the outlet for o0il 19 of the
second in-line separator 12 via conduit 67. The
substantially water-free o0il is passed through conduit 69
to a suitable storage and handling facility (not shown).

Suitably, the plant according to the present
invention further comprises a pressure reduction valve
(not shown) to reduce the pressure of the mixture from a

high pressure to the separating pressure, which pressure
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reduction valve is arranged between the supply conduit 5
and the inlet 3 of the first in-line separator 2.
Suitably, the pressure reduction valve is part of an
over-pressure protection system as described in
International patent application publication
No. 03/038 325. Such an over-pressure protection system
comprises a conduit section extending between a pressure
reduction valve and a low-pressure fluid handling system,
a shut-off valve provided with an actuator arranged in
the conduit section, pressure sensors arranged one on
either side of the shut-off valve in the conduit section,
a safety control system that communicates with the
actuator and the pressure sensors and produces a signal
when it detects a high pressure in the conduit section,
and a self-diagnostic system for checking the shut-off
valve and the pressure sensors that communicates with the
actuator, the pressure sensors and the safety control
system, which self-diagnostic system produces a signal
when it detects a failure in either the shut-off valve or
the pressure sensors or both.

It will be understood that the plant of the present
invention can as well be used offshore, for example on an
offshore platform. However, because the separation plant
according to the present invention does not need to have
a flare, it can be suitably used on the sea floor for an
underwater wellhead.

Reference is now made to Figure 2, showing
schematically an subsea plant 201 for separating at
separating pressure a mixture of cil, water and gas into
its components. The subsea plant for separating at
separating pressure a mixture of c¢il, water and gas is
located on the sea floor 270 below the sea level 271.

The separation plant 201 comprises a first in-line
separator 202 for separating gas from the mixture to

obtain a substantially gas—-free liquid and a gas having a
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reduced liquid content. The first in-line separator 202
has an inlet 203 adapted to be connected to a supply
conduit 205 and separate outlets 207 and 209 for gas and
liquid, respectively.

The separation plant 201 further comprises means 210
for removing the gas having a reduced liquid content from
the outlet for gas 207 of the first in-line
separator 202.

The separation plant 201 further comprises a second
in-line separator 212 for separating water from the
substantially gas-free liquid to obtain a substantially
oll-free water and a substantially water-free oil. The
second in-line separator 212 has an inlet 215 that is in
fluid communication with the outlet for liquid 209 of the
first in-line separator 2 and separate outlets 18 and 19
for water and oil, respectively.

The separation plant 201 further comprises separate
means 225 and 227 for removing the substantially oil-free
water and the substantially water-free oil from the
outlets 218 and 219 for water and oil of the second in-
line separator 212.

An example of an in-line separator is a dual-tube
horizontal oil and gas separator as described in
Petroleum Engineering Handbook, edited by H B Bradley,
SPE.

The separation plant 201 is connected to a supply
conduit 205, which extends from a wellhead 230 pertaining
to a well 231 in an underground formation 233. The
wellhead 230 is provided with a suitable shut-in
valve 235.

In the embodiment as shown in Figure 2, the inlet 215
of the second in-line separator 212 is in direct fluid
communication with the outlet for liquid 209 of the first

in-line separator 202.
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In an alternative embodiment, the plant 201 further
comprises an in-line demulsifier (not shown) having an
inlet that is in direct fluid communication with the
outlet for liquid of the first in-line separator and an
outlet that is in direct fluid communication with the
inlet of the second in-line separator. An example of an
in-line demulsifier is an electrostatic or an ultrasonic
coalescer.

The means 210 for removing the gas having a reduced
liquid content is suitably a sealless compressor 240. The
sealless compressor 240 is arranged together with its
electric motor 241 in a closed housing 245. The
compressor 240 has a suction end 246 that is connected by
means of a conduit 247 the outlet for gas 207 of the
first in-line separator 202. The compressor 240 has a
discharge end 248 that is connected to a pipeline 249.
During normal operation, the compressor 240 raises the
pressure of the gas from separation pressure to pipeline
pressure.

The means for removing the substantially oil-free
water 225 is a canned water pump, which is a pump 250
arranged in a closed housing 252. The pump 250 has a
suction end 253 and a discharge end 256. The suction
end 253 is in direct fluid communication with the outlet
for water 218 of the second in-line separator 212 via
conduit 257. The substantially oil-free water is passed
away through conduit 259, which is connected to the
discharge end 256, to a suitable storage place (not
shown). Alternatively the water is passed to an injection
well to inject the water into an underground reservoir.

The means for removing the substantially water-free
0il 227 is a canned oil pump, which is a pump 260
arranged in a closed housing 262. The pump 260 has a
suction end 263 and a discharge end 266. The suction

end 263 1s in direct fluid communication with the outlet
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for 0il 219 of the second in-line separator 212 via
conduit 267. The substantially water-free oil is passed
through conduit 269 to a suitable storage and handling
facility (not shown).

The seabed embodiment of the present invention
contains an additional feature and that is that the plant
further includes a fluid header 280 having a first
inlet 281, a second inlet 282 and a single outlet 283.
The discharge end 248 of the sealless compressor 210 is
in fluid communication with the first inlet 281 of the
header 280, and the discharge end 266 of the canned oil
pump 227 is in direct fluid communication with the second
inlet 282. The fluid header 280 has one outlet 283 that
is debouching into a pipeline (not shown). The pipeline
transports the combined o0il and gas stream. The advantage
of the header 280 is that only a single pipeline is
needed to transport the hydrocarbons to shore, where oil
and gas are separated.

In order to remove condensable components, such as
water and C3+ components from the gas, so that the dew
point of the gas is below a temperature that is
determined by the conditions at the sea floor, the
separation plant suitably further includes a gas-
conditioning device. The gas-conditioning device is
suitably a supersonic gas-conditioning device as
described in a feature article by F Okimoto and
J M Brouwer in World 0il, August 2002, Vol. 223, No. 8.

The gas conditioning device can be arranged upstream
of the means 210 for removing the gas having a reduced
liquid content, or it can be arranged downstream of the
means 210 for removing the gas having a reduced liquid
content. In the upstream arrangement (shown with dashed
lines having reference numeral 290u) the inlet of the
gas-conditioning device is in direct fluid communication

with the outlet for gas 207 of the first in-line
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separator 202, and the outlet is in direct fluid
communication with the suction end 246 of the
compressor 240. Moreover, in this case the discharge
end 248 of the compressor 240 is in direct fluid
communication with the first inlet 281 of the header 280.
The liquid separated by the gas conditioning device 290u
is passed through a conduit (not shown) to the
conduit 257 that runs to the suction end 253 of the water
pump 250. In the downstream embodiment (shown with dashed
lines having reference numeral 290d), the inlet of the
gas—conditioning device is in direct fluid communication
with the discharge end 248 of the compressor 240 and the
outlet of the gas-conditioning device is in direct fluid
communication with the first inlet 281 of the header 280.
In this case the outlet for gas 207 of the first in-line
separator 202 is in direct fluid communication with the
suction end 246 of the compressor 240. The liquid
separated by the gas conditioning device 290d is passed
through a conduit (not shown) to the conduit 259 that
runs from the discharge end 256 of the water pump 250.

In the embodiment shown in Figure 2, the inlet 215 of
the second in-line separator 212 is in direct fluid
communication with the outlet for liquid 209 of the first
in-line separator 202. Alternatively, the plant 201
further comprises an in-line demulsifier (not shown)
having an inlet that is in direct fluid communication
with the outlet for liquid 209 of the first in-line
separator 202 and an outlet that is in direct fluid
communication with the inlet 215 of the second in-line
separator 212.

Suitably, the plant according to the present
invention further comprises a pressure reduction valve
(not shown) to reduce the pressure of the mixture from a
high pressure to the separating pressure, which pressure

reduction valve is arranged between the supply
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conduit 205 and the inlet 203 of the first in-line
separator 202. Suitably, the pressure reduction valve is
part of an over-pressure protection system as described
in International patent application publication
No. 03/038 325. Such an over-pressure protection system
comprises a conduit section extending between a pressure
reduction valve and a low-pressure fluid handling system,
a shut-off valve provided with an actuator arranged in
the conduit section, pressure sensors arranged one on
either side of the shut-off valve in the conduit section,
a safety control system that communicates with the
actuator and the pressure sensors and produces a signal
when it detects a high pressure in the conduit section,
and a self-diagnostic system for checking the shut-off
valve and the pressure sensors that communicates with the
actuator, the pressure sensors and the safety control
system, which self-diagnostic system produces a signal
when it detects a failure in either the shut-off valve or
the pressure sensors or both.

In the above, the plant according to the invention
was connected to a wellhead. However, alternatively the
plant can be connected to a collecting station in which

fluids from several wells come together.
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CLAIMS

1. A plant for separating a mixture of oil, water and
gas produced from a well, the plant comprising:
- a first in-line separator for separating the mixture
into a gas stream substantially free of ligquid and a
liquid stream substantially free of gas, the first in-
line separator being provided with an inlet conduit for
supplying the mixture to the first in-line separator;
- a second in-line separator for separating the liquid
stream into an o0il stream substantially free of water and
a water stream substantially free of oil, the second in-
line separator being provided with an inlet conduit for
supplying the liquid stream to the second in-line
separator;

wherein each in-line separator comprises a chamber
for separating the respective fluid stream supplied to
the in-line separator, said chamber having an internal
diameter substantially equal to the internal diameter of
the respective inlet conduit of the in-line separator.
2. The plant according to claim 1, wherein said chamber
is a swirl chamber having means for inducing a swirling
motion to the respective fluid stream supplied to the in-
line separator so as to separate the fluid stream by
centrifugal forces exerted to the fluid stream.
3. The plant according to claim 1 or 2, wherein the
second in-line separator is in direct fluid communication
with the first in-line separator via the inlet conduit of
the second in-line separator.
4. The plant according to claim 1 or 2, wherein the
inlet conduit of the second in-line separator is provided
with an in-line demulsifier having an inlet in direct

fluid communication with the first in-line separator and
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an outlet in direct fluid communication with the second
in-line separator.
5. The plant according to any one of the claims 1-4,
further comprising means for removing the gas stream from
the plant, including a seal-less compressor for raising
the pressure of the gas stream to pipeline pressure, the
compressor having a suction end in fluid communication
with a gas outlet of the first in-line separator.
6. The plant according to claim 5, further comprising
means for removing the o0il stream from the plant,
including a canned o0il pump having a suction end in fluid
communication with an oil outlet of the second in-line
separator.
7. The plant according to claim 6, further comprising a
fluid header having a first inlet in fluid communication
with a discharge end of the seal-less compressor, a
second inlet in fluid communication with a discharge end
of the canned o0il pump, and a single outlet in fluid
communication with a remote facility for receiving oil
and gas from the plant.
8. The plant according to any one of claims 1-7, further
comprising means for removing the water stream from the
plant, including a canned water pump having a suction end
in fluid communication with a water outlet of the second
in-line separator.
9. The plant according to any one of the claims 1-8,
further comprising a pressure reduction valve for
reducing the pressure of the mixture from a high pressure
to a separating pressure, the pressure reduction valve
being arranged between the well and a mixture inlet of
the first in-line separator.
10. The plant according to any one of claims 1-9, wherein

the plant is positioned on the seabed.
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11. The plant according to any one of claims 1-10,
wherein the plant is mounted on a skid provided with
means for lifting the skid and transporting the skid.
12. The plant according to any one of claims 1-11,
wherein the inlet conduit of the first in-line separator
is in fluid communication with a single well for the
production of hydrocarbon fluid.

13. The plant substantially as described hereinbefore,

with reference to the accompanying drawings.
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