EMULSION EXTRACTION FROM AN OIL/WATER SEPARATOR AND PROCESSING
BY WATER DILUTION FROM THE SAME SEPARATOR

CROSS REFERENCE TO RELATED APPLICATIONS

5 3881} This application claims the priority benefit of both Unied States patent
application numbers 62/041,509 filed Avgust 25, 20314 cntitfed EMULSION EXTRACTION
AND PROCESSING FROM AN OIL/WATER SEPARATOR. and 62/171,122 filed June 4.
2015 cotitled EMULSION EXTRACTION AND PROCESSING FROM AN OIL/WATER

i

SEPARATOR, the entirety of which is incorporated by reforence herein,

10 BACKGROUND

33021 Demand for oil and gas reserves has increased over the past several decades due to
steady population growth and the industrialization of new markets, At the same fimg,
conventional ficlds are maturing and expericncing 2 decrease in oil and gas production as
reservoir pressures drop and/or water production increases. These economic factors, which

15 tect the oil and gas industry, bave led o recent developments and advances in exploration,
drilling, and production iccimofogiua as companiea fry to cither inorease production from
mature fields or bring new opportunities on-line. One techpology area that has seen

increased interest from oil and gas producers and vendors alike is subsea processing.

{3 Subsea processing s not 2 new concept in the off and gas industry; however,
20 recent cconomic factors have fed to far more applications ranging from simple single-phase
or multiphase boosting and subsca scparation and boosting to future gas compression
projects. Vendors are trying to establish technologies that can meet the anique challenges of
subsea processing, and produgers are trving to stay ghead of the competition by developing,

qualifying, and applying these new technologics.

25 04 Subsea processing may include subsea separation, which can be segregaied into
two-phase, gas-liquid separation and three-phase, gas-oil-water separation.  OQverall, subses
two-phase separation presents the following benefits: reduced back-pressure acting on the
well leading to higher production rates {accelerated revenue) and recoverable reserves (total
revenue}: the abilily to overcome long step-out distances between field and host facility

30 (fewer boosting stations required to reach host facility); redaced topsides infrastructure; the
ability 1o absorb tramsiont flow conditions such that gas-liguid slugs do not affect

performance of downstream cquipment {c.g., pumps and/or wet-gas compressor); lower
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energy requirements than nmultiphase boosting of full well-stream (higher efficiency of
rotating equipment); and mitigation of certain flow assurance issues through bulk separation
of gas and produced water phases (assuming two lines are installed back to bost facility).
Subsea three-phase, gas-oti-water separation may yield the following benefits related to the
bulk removal of the produced water phase: the ability to debottleneck existing topsides water
handling/treatment facilities; the ability to inject produced water juto dedicated disposal well
or back into the reservoir for pressure maintenance (lower energy requirements than
platform- and/or land-based water injection); the ability o use smaller production lines back
to host facility due to removal of non-revenue stream (e.g., produced water); and mitigation
of certain tlow assurance issues through bulk separation of o1l and produced water streams.
These benefits may make it desirable to develop a multiphase separation system to establish a
technological advantage and earn partner or choice status for future subsea separation
applications. An advancement of this nature may enable production of Arctic, decpwater, or
other remote oil and gas ficlds for which production is not currently possible.  Subsea
separation may act as an enabler in these cases by, for example, removing bulk water from
the production streams and mitigating flow assurance concerns for longer distance ticback

applications.

LEEHERT One challenge with subsea three-phase separation is the formation of stable
oil/water emulsion lavers. Testing has shown that stable oil/water emulsion layers can
significantly affect the quality of the oil and water outlets from the subsea separator. If
separation of heavy oil (known to form stable emulsions) s desired, then oil/water separation
may require longer residence times and lower fluid velocities. However, this approach may
not be economic for offshore and subsea applications due to size, weight, and fabrication
constraints. Designing a decpwater, oil-water separator with oil residence times of greater
than about 3-5 minutes can be challenging. Analogous onshore separators may require about
10-1S5 minutes residence time. Theretore, decreasing the throughput of the subsea separation
systers may be required for heavy oil apphications, which may bottleneck the oil/water
separation process. Sirnllarly, opportunities also exist on onshore and topsides separators that
suffer from the formation of stable oil/water comlsions, In conventional applications,
production chemicals such as demulsifiers and/or heat may be applied to alter the interfacial
tension and destabilize the oil/water eroulsion. In subsca applications, heat may not be a cost
effective option or, in some cases, may even be technically infeasible. Consequently, dosing
with production chemicals is customarily preferred. However, dosing can have a significant

etfect on the capital and operating costs associated with a subsca installation.
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HEEES! The cost of developing and applyving a subsea separation system may be
significant and may become uneconomical if the system cannot provide sufficient production
mereases to offset the cost.  Consequently, the design of subsea processing systoms may
include a balance between what is practically achievable under the vessel size constraints due
to pressure and what production rate is reguired to make the project economical. Any
technological advance aimed at cvhancing the overall performance of the oil-water
separation, which is often the bottleneck of such g system, could become the deciding
economic factor of a future project. For this reason, extraction and processing of the stable

otl/water emulsion layer from a subsea separator may prove beneficial,

IBG07] Injectability of the produced water stream wmay also affect the successtul
operation, and therefore economics, of subsea separation installations that employ oil-water
separation. Therefore, the removal of oil contamination, which can have a significant effect
on injectability of the water strearn, may be important. It may be advisable to provide
mounttoring and/or frequent sarapling of the produced water guality in order to avoid future
issues with the injection reservoir, These aspects may be particularly important when
mjecting back into the production reservoir for pressure maintenance as plugging and/or
permeability issues o the perforated zone could lead 1o an inability to inject the produced

water and/or result in other production issues.
SUMMARY

RS One embodiment includes a method of emulsion extraction and processing from
an oil/water separator, comprising detecting an emulsion parameter, passing an emulsion
stream out of the separator, combining the emulsion stream with a water stream exiting the
separator to create a diluted emulsion, dynamically adjusting a dilution of the diluted
emulsion based at least in part on the emulsion parameter and separating the diluted emulsion
into an underflow stream comprising substantially water and a reject stream comprising

substantially oil.

6609} Another embodiment includes a system for emulsion extraction and processing
from an oil/water separator, comprising an oil/water separator having a water outlet, an oil
outlet, and an emulsion outlet a detection instrument operatively coupled to the oil/water
separator, the emulsion outlet, or a component downstream of the emulsion outlet, a mixing
leg, wherein the mixing leg is coupled to the water outlet and the emulsion outlet, at least one
control valve operatively coupled to piping for the water outlet, the emulsion outlet, or both,

and a separation device coupled to the mixing leg and having an oil reject outlet and a water
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underflow outlet.

(R Still another embodiment includes a method of emulsion extraction and
processing from a subsea oil/water separator, comprising detecting an emulsion level in the
subsea separator, detecting a composition of an emulsion stream leaving the subsea separator,
or detecting the composition of the emulsion stream downstream of the subsea separator,
passing the emulsion stream to a preparation volume, creating a prepared emulsion stream,
combining the prepared emulsion flow with a water stream to create a diluted emulsion,
dynamically adjusting a dilution of the diluted emulsion by adding comparatively more or
less of the water stream to the emulsion stream or vice versa, and wherein the dilution is
controlled at least in part based on the emulsion level in the subsea separator or the
composition of the emulsion stream, and separating the diluted emulsion into a water
underflow stream comprising substantially water and a reject stream comprising substantially

oil.

BRIEF DESCRIPTION OF THE DRAWINGS

LR The advantages of the present techniques are better understood by referring to the

following detailed description and the attached drawings, in which:

312} FIG. 1 is a schematic diagram of an embodiment of a system for emulsion

extraction and processing from an oil/water separator.

G313 FIG. 2 is a schematic diagram of another embodiment of a system for emulsion

extraction and processing from an oil/water separator.

68141 FIG. 3 is a schematic diagram of another embodiment of a system for emulsion

extraction and processing from an oil/water separator.

66354 FIG. 4 is a schematic diagram of another embodiment of a system for emulsion

extraction and processing from an oil/water separator.

[ 6} FIG. 5 is a block diagram for a process of emulsion extraction and processing

from an oil/water separator.

17} FIG. 6 is a block diagram for a process of emulsion extraction and processing

from an oil/water separator.

DETAILED DESCRIPTION

1861 8] In the following detailed description section, specific embodiments of the present

techniques are described. However, to the extent that the following description is specific to
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a particular embodiment or a particular use of the present techniques, this is intended to be
for exemplary purposes only and simply provides a description of the exemplary
embodiments. Accordingly, the techniques are not limited to the specific embodiments
described herein, but rather, include all alternatives, modifications, and equivalents falling

within the true spirit and scope of the appended claims.

18619 This disclosure comprises techniques to perform emuolsion extraction and
processing.  The techniques described herein may be particularly suvitable for subsea
processing applications, where high-refiability, comparatively simple and/or compact systems
may be particularly desirable. Using the techniques of this disclosure, initial separation and
processing of hydrocarbons from an emulsion may be suitably performed in a variety of
environments, ¢.g., subsea separation. Disclosed techniques include utilizing separated water
from an oil/water separator to assist in the destabilization and separation of an emulsion
withdrawn from the same separator. A control valve may be utilized to control one or more
variables, e.g., the dilution ratio of the emulsion. When the disclosed techniques include
using the comparatively high-efficiency hydrocyclones for separation, the disclosed
techniques may enable shorter residence times for separation and/or reduce the bottlenecks in
the oil/water separation process. Use of the disclosed techniques may reduce the dependence
on complete separation occurring within the separator, thereby increasing throughput of the
subsea separation system. Use of the disclosed techniques may be particularly suitable for
subsea usage, where high reliability and a low number of moving components may be
important to effectiveness. Further, subsea separation using the disclosed techuigues may act
as an cnabler in these cases by, for example, removing bulk water from the exported
production streams and mitigating flow assurance concerns for longer distance ticback

applications.

{B0Z28] At the outset, for ease of reference, certain terms used in this application and their
meanings as used in this context are set forth. To the extent a term used herein is not defined
herein, it should be given the broadest definition persons in the pertinent art have given that
term as reflected in at least one printed publication or issued patent. Further, the present
techniques are not limited by the usage of the terms shown herein, as all equivalents,
synonyms, new developments, and terms or techniques that serve the same or a similar

purpose are considered to be within the scope of the present claims.

8421} As used herein, the term “emulsion” refers to a mixture of two immiscible liquids,

where droplets of a first liquid are dispersed in a second liquid where it does not dissolve.
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The particles or droplets may be on a micron scale, or smaller. The dispersed liquid is said to

form the dispersed phase, while the other liquid is said to form the continuous phase.

3422} As used herein, the phrase “emulsion stability” refers to the degree to which an
emulsion retains its internal phase as droplets homogeneously distributed when the emulsion
is stressed, for example by passing the emulsion through porous media, aging the emulsion,
heating the emulsion, or contacting the emulsion with a fluid of differing salinity or pH or

with surface active chemicals.

IR As used herein, the term “hydrocyclone” refers to a cyclone that effects separation
of materials of differing densities and/or specific gravities by centrifugal forces. For
example, a “bulk deoiling hydrocyclone” refers to a cyclone that uses centrifugal forces to
separate a high oil-in-water concentration stream and recover the majority of the oil contents
in the reject stream. A “polishing hydrocyclone” refers to a cyclone that uses centrifugal
forces to recover small oil droplets from a low oil-in-water concentration stream, e.g., the

underflow (water outlet) of the bulk de-oiling hydrocylones, in the reject stream.

241 As used herein, the terms “substantial” or “substantially” refer to a relative
amount of a material or characteristic that is sufficient to provide the intended effect or
express the stated characteristics. The exact degree of deviation allowable in some cases may
depend on the specific context, but even in view of any deviation will express largely but not
wholly that which is specified. For example, the use of the terms “substantial” or
“substantially” means +10% of the subsequent number if a number is specified, unless
otherwise stated. In contexts where numerical measurements are not taken, the use of the
terms “substantial” or “substantially” means generally the same or uniform but allowing for
or having fluctuations from a defined property, definition, composition, etc. For example,
some minor measureable or immeasurable fluctuations and/or variations in a measured
property described herein, such as viscosity, melting point, composition, etc., may be
unintentionally incorporated due to human error or methodology precision.  Other
fluctuations and/or variations may result from inherent variations in the industrial process,
environmental deviations, and the like. While containing such fluctuations, those of skill in
the art would nevertheless understand the property, definition, composition, etc. to

substantially possess the property, definition, composition, etc. as reported.

325 As used herein, the phrase “vice versa” means in reverse order from the way

something has been stated.
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1388261 While for purposes of simplicity of explanation the illustrated methodologies
show and describe a series of blocks, the methodologies are not limited by the order of the
blocks, as some blocks can occur in different orders and/or concurrently with other blocks
from that shown and described. Moreover, less than all the illustrated blocks may be required
to implement an example methodology, and certain blocks may be combined or separated
into multiple components. Furthermore, additional and/or alternative methodologies can
employ additional, not illustrated blocks. While the figures illustrate various serially
occurring actions, various actions could occur concurrently, in parallel, and/or at substantially

different points in time.

34271 FIG. 1 is a schematic diagram of an embodiment of a system 100 for emulsion
extraction and processing from an oil/water separator 102, e.g., a subsea oil/water separator,
having a detector 104, e.g., a level detector, positioned or disposed thereon. It will be
appreciated that various detectors and/or detector mounting locations are readily available
and may be optionally selected within the scope of this disclosure. For example, an oil-in-
water (OiW) concentration monitor, an in-situ water-cut meter, or other device may be
suitably employed at the separator outlet or further downstream in the system, e.g.,
downstream of the blend point between the water outlet line 106 and the emulsion outlet line
110. The system 100 comprises a water outlet line 106 for passing a stream comprising
substantially water or water flow from the separator 102 to a first separation device 108, e.g.,
a hydrocyclone. The system 100 comprises an emulsion outlet line 110 for passing a stream
of emulsion or emulsion flow from the separator 102 to the separation device 108. While
depicted as a singular outlet line, those of skill in the art will appreciate that multiple outlet
lines and/or nozzles located at different heights may alternately or additionally be employed
to isolate and extract the emulsion layer. A control valve 112 is positioned or disposed on the
emulsion outlet line 110 for controlling the amount of emulsion flowing through the emulsion
outlet line 110. The control valve 112 may be controlled to maintain an emulsion level
and/or a water level in the separator 102, e.g., using data received from the detector 104, or
control valve 112 may be controlled to maintain an OiW concentration at the inlet to the
separation device 108, ¢.g., using data received from the OiW monitor. The water outlet line
106 and the emulsion outlet line 110 combine in a mixing leg or preparation volume 114,
which may be a simple pipe or tube as shown in FIG. 1 or may comprise additional
components and/or volumes to facilitate mixing, prior to entering the first separation device
108. The first separation device 108 has two outputs, a reject stream outlet 116, e.g., for

passing a stream comprising substantially oil, and an underflow stream outlet 118, e.g., for
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passing a stream of underflow comprising substantially water. The system 100 comprises a
second separation device 120, e¢.g., a polishing hydrocyclone, coupled to the underflow
stream outlet 118 and having two outputs, a reject stream outlet 122, e.g., for passing a
stream comprising substantially oil, and an underflow stream outlet 124, e.g., for passing a
stream of underflow comprising substantially water. A pump 126, e.g., a water injection
pump, is coupled to the underflow stream outlet 124 for discharging the fluid output from the
second separation device 120 via the underflow stream outlet 124. The system 100
comprises an oil outlet line 130 for passing a stream comprising substantially oil or oil flow

from the separator 102.

[B028] In operation, the system 100 may determine and/or monitor an emulsion
parameter, e.g., an emulsion level in the separator 102 or a composition in an emulsion flow
out of the separator, ¢.g., at the mixing leg or preparation volume 114, at the emulsion outlet,
or along the emulsion outlet line 110. The system 100 may flow the emulsion stream or flow
out of the separator through a control valve 112 to the first separation device 108. At the
mixing leg or preparation volume 114, the emulsion flow may combine with a stream
comprising substantially water or water flow carried by the water outlet line 106. Depending
on the controlling parameter, e.g., emulsion or water level in the separator 102, emulsion
flow composition, etc., the control valve 112 may dynamically adjust the dilution of the
emulsion by adding comparatively more or comparatively less of the water flow to the
emulsion flow, e.g., based at least in part on data received from the detector 104. The first
separation device 108 may separate the received stream into an underflow stream comprising
substantially water and a reject stream comprising substantially oil. The underflow stream
comprising substantially water is then passed via the underflow stream outlet 118 to the
second separation device 120 for further processing, namely, separating with the underflow
stream into a second underflow stream comprising substantially water and a second reject
stream comprising substantially oil. The second separation device 120 passes the second

underflow stream to the pump 126 for discharge from the system 100.

LAY FIG. 2 is a schematic diagram of another embodiment of a system 200 for
emulsion extraction and processing from an oil/water separator 102. The components of FIG.
2 are substantially the same as the corresponding components in FIG. 1 unless stated
otherwise. The system 200 comprises a jet pump 202, e.g., a liquid/liquid jet pump,
configured to receive at least a portion of the emulsion flow from emulsion outlet line 110

and at least a portion of the discharge from the pump 126 via recycle line 128 and passing an
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output downstream to the first separation device 108 via leg 214. Leg 214 may be a mixing
leg or preparation volume. The jet pump 202 may provide sufficient flow for efficient
operation of the first separation device 108, for example, by diluting the emulsion with an
effective quantity of water. The jet pump 202 may control the amount of emulsion being
withdrawn from the separator 102 by adjusting the motive fluid (e.g., flow in recycle line
128), flow rate, and/or recycle loop from the jet pump’s discharge (e.g., via return line 204)
based upon the readings of the detector 104 (e.g., oil/water emulsion layer thickness and/or
location). The system 100 comprises a return line 204 on which a control valve 112 is
positioned or disposed. Those of skill will appreciate that in some embodiments the first
separation device 108 may function as a bulk or first-stage separator and a second separation

device 120 may function as a polishing separator.

16638} In operation, the system 200 may determine and/or monitor an emulsion
parameter in the separator 102 or a composition in an emulsion flow out of the separator, e.g.,
at the mixing leg or preparation volume 114, at the emulsion outlet, or along the emulsion
outlet line 110. The system 100 may flow the emulsion stream or flow out of the separator
and through the jet pump 202. The pump 126 discharge combines with the emulsion stream
or flow to simultaneously dilute the composition in the received emulsion in the mixing leg
or preparation volume 114 and increase the inlet pressure at the first separation device 108,
which is coupled to the jet pump 202. A recirculation or return line 204 may receive at least
a portion of the discharge of the jet pump 202. Operation of and/or dynamic control over the
control valve 112 may be based at least in part on one or more system variables, e.g., the
amount of flow sent to the first separation device 108, the dilution of the emulsion in the
mixing leg or preparation volume 114, the amount of oil in the underflow reaching the second
separation device 120, and/or the emulsion level in the separator 102. The first separation
device 108 may separate the received stream into an underflow stream comprising
substantially water and a reject stream comprising substantially oil. The water underflow
stream exiting the first separation device 108 via the underflow stream outlet 118 may
combine with a water stream or flow carried by the water outlet line 106 at a mixing leg or
preparation volume 114 prior to entering the second separation device 120. The second
separation device 120 separates the input emulsion into a second underflow stream
comprising substantially water and a second reject stream comprising substantially oil. The
second separation device 120 passes the second underflow stream to the pump 126 for

discharge from the system 200.
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131 FIG. 3 is a schematic diagram of another embodiment of a system 300 for
emulsion extraction and processing from an oil/water separator 102. The components of FIG.
3 are substantially the same as the corresponding components in FIG. 1 unless stated
otherwise. The system 300 places the control valve 112 on the water outlet line 106. In the
system 300, the emulsion outlet line 110 carries an oil-continuous emulsion to the first
separation device 108, e.g., a bulk dewatering hydrocyclone. At the mixing leg or
preparation volume 114, an underflow stream from the first separation device 108 carried by
the underflow stream outlet 118 joins with a substantially water stream or flow carried by the
water outlet line 106. The combined stream from the mixing leg or preparation volume 114
enters the second separation device 120, e.g., a bulk deoiling hydrocyclone. The second
separation device 120 has two outputs, a reject stream outlet 122, e.g., for passing a stream
comprising substantially oil, and an underflow stream outlet 124, e.g., for passing a stream of
underflow comprising substantially water. The underflow stream outlet 124 exiting the
second separation device 120 is fed to a third separation device 302, e.g., a polishing
hydrocyclone. The third separation device 302 has two outputs, a reject stream outlet 304,
e.g., for passing a stream comprising substantially oil, and an underflow stream outlet 306,
e.g., for passing a stream of underflow comprising substantially water. FIG. 3 depicts the
third separation device 302 at the end of the system 300, but those of skill in the art will
understand that (just as with FIGS. 1 and 2), the underflow stream outlet 306 from the third
separation device 302 may optionally be fed to a pump, e.g., the pump 126.

163331 In operation, the system 300 may determine and/or monitor an emulsion
parameter in the separator 102 or a composition in an emulsion flow out of the separator, e.g.,
at the mixing leg or preparation volume 114, at the emulsion outlet, or along the emulsion
outlet line 110. The system 300 may flow or pass the emulsion stream or flow out of the
separator via the emulsion outlet line 110 to the first separation device 108, which may
function as a bulk dewatering hydrocyclone. The first separation device 108 may separate
the received stream into an underflow stream comprising substantially water and a reject
stream comprising substantially oil. At the mixing leg or preparation volume 114, the
underflow stream exiting the first separation device 108 via the underflow stream outlet 118
may combine with a water stream or flow carried by the water outlet line 106. As specified
above, the system 300 places the control valve 112 on the water outlet line 106. Depending
on the controlling parameter, e.g., emulsion or water level in the separator 102, emulsion
flow composition, etc., the control valve 112 may dynamically adjust the dilution of the flow

passing via the underflow stream outlet 118 by adding comparatively more or comparatively

10
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less of the water flow to the flow in the underflow stream outlet 118, e.g., based at least in
part on data received from the detector 104. The prepared stream resulting from the
combination of the underflow stream outlet 118 and water in the mixing leg or preparation
volume 114 is passed to the second separation device 120 for further processing, namely,
separating with the underflow stream into a second underflow stream comprising
substantially water and a second reject stream comprising substantially oil. The second
separation device 120 passes the second underflow stream to a third separation device 302,
where the second underflow stream is processed to create a third reject stream and a third

water underflow stream.

3433 FIG. 4 is a schematic diagram of another embodiment of a system 400 for
emulsion extraction and processing from an oil/water separator 102. The components of FIG.
4 are substantially the same as the corresponding components in FIG. 3 unless stated
otherwise. In the system 400, the emulsion outlet line 110 carries a water-continuous
emulsion to the first separation device 108, e.g., a bulk deoiling hydrocyclone. As will be
appreciated by those of skill in the art, the embodiments of FIGS. 3 and 4 may be particularly
suitable for emulsions wherein their particular composition does not require dilution, e.g., oil-

continuous and/or water-continuous emulsions.

18634} In operation, the system 400 may determine and/or monitor an emulsion
parameter in the separator 102 or a composition in an emulsion flow out of the separator, e.g.,
at the mixing leg or preparation volume 114, at the emulsion outlet, or along the emulsion
outlet line 110. The system 400 may flow or pass the emulsion stream or flow out of the
separator via the emulsion outlet line 110 to the first separation device 108, which may
function as a bulk deoiling hydrocyclone. The first separation device 108 may separate the
received stream into an underflow stream comprising substantially water and a reject stream
comprising substantially oil. At the mixing leg or preparation volume 114, the underflow
stream exiting the first separation device 108 via the underflow stream outlet 118 may
combine with a water stream or flow carried by the water outlet line 106. As specified above,
the system 400 places the control valve 112 on the water outlet line 106. Depending on the
controlling parameter, e.g., emulsion or water level in the separator 102, emulsion flow
composition, etc., the control valve 112 may dynamically adjust the dilution of the flow
passing via the underflow stream outlet 118 by adding comparatively more or comparatively
less of the water flow to the flow in the underflow stream outlet 118, e.g., based at least in

part on data received from the detector 104. The prepared stream resulting from the

11
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combination of the underflow stream outlet 118 and water in the mixing leg or preparation
volume 114 is passed to the second separation device 120 for further processing, namely,
separating with the underflow stream into a second underflow stream comprising

substantially water and a second reject stream comprising substantially oil.

8635} FIG. 5 is a block diagram for a process 500 of emulsion extraction and processing
from an oil/water separator system, e.g., any of the systems 100, 200, 300, and/or 400. The
process 500 begins at block 502 with detecting with a detection instrument, e.g., the detector
104 of FIG. 1, an emulsion level in a separator, e.g., the separator 102 of FIG. 1, or a
composition in an emulsion flow out of the separator e.g., at the mixing leg or preparation
volume 114 of FIG. 1. At block 504, the process 500 may flow the emulsion flow out of the
separator. At block 506, the process 500 may combine the emulsion stream with a water flow
exiting the separator to create a diluted emulsion. A control valve, e.g., the control valve 112
of FIG. 1, can be used to dynamically adjust the dilution of the diluted emulsion by adding
comparatively more or less of the water flow to the emulsion flow or vice versa. As
explained further above, the control valve may be controlled at least in part based on data
from the detection instrument. At block 508, the process 500 may proceed by separating with
a hydrocyclone, e.g., the first separation device 108 of FIG. 1, the diluted emulsion into an
underflow stream comprising substantially water and a reject stream comprising substantially
oil. In some embodiments, the process 500 may continue by passing the underflow stream to
a polishing hydrocyclone, e.g., the second separation device 120 of FIG. 1, where the
polishing hydrocyclone may separate the underflow stream into a second underflow stream

comprising substantially water and a second reject stream comprising substantially oil.

138836} FIG. 6 is a block diagram for a process 600 of emulsion extraction and processing
from an oil/water separator, e.g., any of the systems 100, 200, 300, and/or 400. The process
600 begins at block 602 with detecting with a detection instrument, e.g., the detector 104 of
FIG. 1, an emulsion level in a separator, e.g., the separator 102 of FIG. 1, or a composition in
an emulsion flow out of the separator e.g., at the mixing leg or preparation volume 114 of
FIG. 1. At block 604, the process 600 may flow the emulsion to a preparation volume to
create a prepared emulsion flow. In some embodiments, creating a prepared emulsion flow
comprises combining a water flow from the separator with an emulsion flow from the
separator in a mixing leg or preparation volume, e.g., the mixing leg or preparation volume
114 of FIG. 1. In still other embodiments, creating a prepared emulsion flow comprises

passing the emulsion flow through a liquid/liquid jet pump, e.g., the jet pump 202 of FIG. 2,
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and diluting the emulsion with at least a portion of the discharge from a pump, e.g., the pump
126 of FIG. 2. In still other embodiments, creating a prepared emulsion flow comprises
separating the emulsion into a second reject stream and the prepared emulsion flow using the
bulk deoiling hydrocyclone, e.g., the first separation device of FIG. 3. In other embodiments,
creating a prepared emulsion flow comprises separating the emulsion into a second reject
stream and the prepared emulsion flow using a bulk dewatering hydrocyclone, e.g., the first
separation device of FIG. 4. At block 606, the process 600 continues by combining the
prepared emulsion flow with a water flow to create a diluted emulsion. For example, the
process 600 may dynamically adjust the dilution of the diluted emulsion using a control valve
to add comparatively more or less of the water flow to the emulsion flow or vice versa. In
such systems, the control valve may be operated and/or controlled at least in part based on
data from the detection instrument. At block 608, the process 600 may separate the diluted
emulsion into a water underflow stream comprising substantially water and a reject stream
comprising substantially oil using a hydrocyclone, e.g., the first separation device 108 of

FIG. 1.

837} While the present techniques may be susceptible to various modifications and
alternative forms, the exemplary embodiments discussed herein have been shown only by
way of example. However, it should again be understood that the techniques disclosed herein
are not intended to be limited to the particular embodiments disclosed. Indeed, the present
techniques include all alternatives, modifications, combinations, permutations, and

equivalents falling within the true spirit and scope of the appended claims.

13



CLAIMS

1. A method of emulsion extraction and processing from a subsea oil/water separator,

comprising:

detecting an emulsion level in the subsea oil/water separator, or detecting a

composition of an emulsion stream leaving the subsea oil/water separator;

combining the emulsion stream with a first portion of a liquid/liquid jet pump

discharge stream to create a diluted emulsion;

dynamically adjusting a dilution of the diluted emulsion by adding comparatively
more or less of the first portion of the liquid/liquid jet pump discharge stream to the emulsion
stream or vice versa, and wherein the dilution is controlled at least in part based on the

emulsion level in the subsea oil/water separator or a composition of the emulsion stream;
passing at least a portion of the diluted emulsion to the liquid/liquid jet pump;
passing a recycle stream to the liquid/liquid jet pump;

combining the recycle stream and the at least a portion of the diluted emulsion in the

liquid/liquid jet pump to create the liquid/liquid jet pump discharge stream;

separating a second portion of the liquid/liquid jet pump discharge stream into a water

underflow stream comprising water and a reject stream comprising oil; and

passing at least a portion of the water underflow stream to the liquid/liquid jet pump,

as the recycle stream, via a recirculation line.

2. The method of claim 1, wherein the oil reject stream is a first oil reject stream and the

water underflow stream is a first water underflow stream, and further comprising:

separating the first water underflow stream into a second oil reject stream and a
second water underflow stream, wherein a portion of the second water underflow stream

comprises the recycle stream.
3. The method of claim 1, wherein the emulsion is an oil-continuous emulsion.
4. The method of claim 1, further comprising:

combining a water stream from the subsea oil/water separator with the water

underflow stream.
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