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(57) Abréegée/Abstract:

A downhole fluid separation system comprises a fluid separator having a fluid inlet, a first fluid outlet, and a second fluid outlet, with
a sensing device for sensing at least one parameter of a first component of a fluid mixture introduced into the fluid inlet of the fluid
separator. The ratio of the first component to a second component of the fluid mixture Is adjusted as such fluid mixture Is
Introduced Into the fluid inlet of the fluid separator in response to a signal provided by the sensing means. By adjusting the
component ratio before the fluid Is introduced into the fluid separator in response to a signal from a downhole sensing device,
acceptable separation efficiency can be achieved over a broad range of fluild component ratios for a given fluid separator.
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ABSTRACT OF THE DISCLOSURE

A downhole fluid separation system comprises a fluid separator having a fluid
inlet, a first fluid outlet, and a second fluid outlet, with a sensing device for sensing at
least one parameter of a first component of a fluid mixture introduced into the fluid inlet
of the fluid separator. The ratio of the first component to a second component of the
fluid mixture is adjusted as such fluid mixture is introduced into the fluid inlet of the fluid
separator in response to a signal provided -by the sensing means. By adjusting the
component ratio before the fluid is introduced into the fluid separator in response to a
signal from a downhole sensing device, acceptable separation efficiency can be achieved

over a broad range of fluid component ratios for a given fluid separator.



10

IS5

20

CA 02210669 1997-07-16

|

"DOWNHOLE FLUID SEPARATION SYSTEM™

BACKGROUND OF THE INVENTION

. Field of the Invention.
The present invention relates to a system for the downhole separation of fluids

and, more particularly, to such a system that separates oil from water within a wellbore

and that disposes of the separated water within the wellbore.

2. Description of Related Art.

In many o1l fields around the world the percentage of water recovered with oil
from subterranean wellbores has risen to be greater than the percentage of oil. In fact,
in many fields, the percentage of oil has decreased to about 20% in an excellent field to
less than 2% in a relatively poor field. Therefore, the operator must lift to the surface,
and then dispose of, the resulting tremendous volume of water. This situation wastes
energy because of the power needed to operate pumps to lift and separate the water, and
causes an environmental problem. In mé.ny locations the separated water cannot be
disposed of on the surface, so the water must be transported to a remote well site to be
reinjected into a subterranean formation. There is a need for a method and related
system for separating the oil from water downhole so tﬁat the quantity of water
recovered to the earth’s surface can be minimized, and hopeﬁ,llly, eliminated.

One method of downhole oil and water separation is disclosed in U.S. Patents
5,296,153 and 5,456,837, wherein wellbore fluids are drawn through a hydrocyclone
that separates the oil from water. The separated water ié then introduced into a first
pump to force the water into a subterranean formation, which is isolated from the
formation from which the oil and water mixture is recovered. The separated oil is

introduced into a second pump to force the oil to the earth’s surface for processing.
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In field trials of the fluid separation system disclosed in U.S. Patent 5,296,153,
it became apparent that a means for controlling one or more aspects of the downhole
separation system is desired. In the past, backpressure control on the downhole
hydrocyclones has been provided by a valve on the underflow of the hydrocyclones, as
1S disclosed tn U.S. Patents 4,770,243, 4,805,697, 4,900,445, 5,093,006, and 5,456,837.
Various inlet flow controls are disclosed in U.S. Patents 4,976,872 and 4,983,283.
Further, recycle of separated water has been disclosed in U.S. Patent 4,900,445.

One reason for the need for this control is that hydrocyclones are incapable of
separating fluid components over the full range of component ratios. This is primanly
due to the need for specific geometric configurations, port sizings of the inlets and
outlets, and flow rates for specific fluid mixtures. For example, “deoiling”
hydrocyclones are used when the fluid mixture 1s water-external, 1.e., a water medium
surrounding oil droplets. This means that the deoiling hydrocyclones are designed to
separate relatively low viscosity mixtures, with a relatively small portion of the inlet flow
exiting the overflow of this hydrocyclone. On the other hand, “dewatering” or
“dehydrating” hydrocyclones are used when the fluid mixture is oil-external, i.e., an oil
medium surrounding water droplets. This means that the dewatering hydrocyclones are
designed to separate higher viscosity mixtures, with a relatively large portion of tflow
exiting the overflow of this hydrocyclone. Usually, oil is more viscous than water, and
this has little effect on the viscosity of a water-external emulsion, since the viscosity of
the water dominates. However, an oil-external emulsion will have a viscosity closer to
that of the oll.

As a generalization, oil/water fluid mixtures with more than about 65% water are

water-external, and a deoiling hydrocyclone would be selected to remove the oil.
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Likewise, mixtures with less than about 35% water are oil-external. and a dewatering
hydrocyclone would be selected to remove the water. The exact percentage of water
where the mixture will change from being water-external to oil-external varies with the
oil’s properties and wellbore conditions, such as temperature and pressure. The basic
problem to be overcome is that deoiling hydrocyclones cannot operate effectively on oil-
external mixtures, and dewatering hydrocyclones cannot operate effectively on water-
external mixtures.

Therefore, this problem leads to the operational problem of having to select the
proper hydrocyclone to use, for example, for a 50% water mixture where neither
configuration of hydrocyclone can effectively operate. Further, fluid mixtures recovered
from subterranean reservoirs change over time due to the depletion of the oil, reduction
of formation pressure, and the like, so that in the past the well operator would need to
remove and exchange the hydrocyclones as the fluid mixtures changes.

There 1s a need for a fluid separation system that can be used with one or more
configurations of fluid separators, and can be adjusted to ensure that acceptable
separation efficiency can be achieved over a broad range of fluid component ratios for
a given fluid separator, as well as eliminating the need to replace the existing fluid

separators when the fluid mixtures change.

SUMMARY OF THE INVENTION

The present invention has been contemplated to overcome the foregoing
deficiencies and meet the above described needs. Specifically, the present invention 1is
a downhole fluid separation system used with submergible pumping systems to separate
downhole fluids into at least a first and a second component. The system comprises one

or more fluid separators, each having a fluid inlet, a first fluid outlet, and a second fluid
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outlet. A devicé senses at least one parameter of the fluid mixture introduced into the
fluid inlet of the fluid separator. The ratio of the first component to the second
component of the fluid mixture 1s adjusted and is introduced into the fluid inlet of one
or both of the fluid separators in response to a signal provided by the sensing means.
By adjusting the component ratio, acceptable separation efficiency can be achieved over
a broad range of fluidd component ratios for a given fluid separator, as well as eliminating

the need to replace the existing fluid separators when the fluid mixtures change.

In another aspect, the invention provides a downhole fluid separation system
comprising a first fluid separator having a fluid inlet, a first fluid outlet, and a second
fluid outlet, means for sensing at least one parameter of a first component of a fluid
mixture introduced into the fluid inlet of the first fluid separator, a recycle conduit
connecting at least one of the first and second fluid outlets to the fluid inlet for passing
fluid from the at least one of the first and- second fluid outlets to the fluid inlet, and means
for adjusting the volume of fluid passed through the recycle conduit in response to a
signal provided by the sensing means to adjust the ratio of the first component to a
second component of the fluid mixture supplied to the fluid inlet of the first fluid

separator.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s a schematic flow diagram of one preferred embodiment of a fluid
separation system of the present invention for wellbore fluid streams with a relatively

high water content.
Figure 2 1s a schematic flow diagram of one preferred embodiment of a fluid

separation system of the present invention for wellbore fluid streams with a relatively

moderate water content.
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Figure 3 1s a schematic flow diagram of one preferred embodiment of a fluid

‘separation system of the present invention for wellbore fluid streams with a relatively

low water content.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As briefly described above, the present invention comprises a fluid separation
system to be installed within a wellbore that penetrates one or more production
formations which contain fluids, such as oil, condensate, gas, and water, and one or
more water disposal formations, which an operator has chosen to use for the discharge
and elimination of fluids that are not to be brought to the earth’s surface. The fluid

separation system of the present invention can be used in wellbores where the
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production formation(s) is closer to the earth’s surface than the discharge formation(s),
and visa-versa. Since, the fluid separation system of the present invention can be used
in vertical, inclined and honzontal wellbores, references herein to “above” and “below”
are merely for ease of understanding and should not be considered in any way limiting.

The fluid separation system of the present invention utilizes fluid separators that
separate fluids into differing éomponents, such as by density, particle size, emulsion
content, and the like. Devices that are suitable for use in the present invention include
membrane fluid separators, electrostatic fluid separators, and centrifugal separators. The
centrifugal separators used in the present invention can be separators where an internal
device within the assembly rotates to cause the fluids to rotate and thereby be separated,
external devices where the assembly rotates to cause the fluids to rotate and thereby be
separated, and preferably devices where the fluids are caused to rotate by the shape of
the separator. Hydrocyclones are most preferred due to their relatively low cost, lack
of moving parts, and acceptable oil-water separation efficiency.

Throughout the following discussion the term “conduit” will be used 1n relation
to conveyance of fluids from one location to another. The term “conduit” shall mean
any device, member, tube, pipe, hose, or space that can route a fluid from one location
to another. In the context of downhole devices, a “conduit” will most likely refer to a
pipe either within or without of a assembly, or an annular space within the assembly,
between the outside of the assembly and a pipe or casing in the wellbore or the wellbore
wall, or between one or more concentric pipes or casings and the wellbore wall.

As previously mentioned, the present invention is a downhole fluid separation
system used with submergible pumping systems to separate downhole fluids into

different components, recover one of the separated fluid components, such as the lighter
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fluids, to the earth’s surface, and dispose a second of the separated fluid components,
such as the heavier fluids, downhole.

The fluid separation system includes one or more assemblies or housings
connectable one to another, each assembly having one or more fluid separators, such as

hydrocyclones, therein with the inlet(s) of each fluid separator in communication with

an inlet conduit, the overflow of each fluid separator in communication with an overtlow

- conduit, and the underflow of each fluid separator in communication with the underflow

conduit. The fluid separation system can be configured for parallel flow where the

conduits conveying fluids downstream of a first assembly have a greater cross-sectional
flow area than corresponding conduits in an adjacent second assembly. Also, the fluid

separation system can be configured for series flow, for either the separated lighter or

the separated heavier fluids.

In the following discussions reference will be made to downhole fluid pumping
systems. Such systems can be downhole electric submergible pumping systems, as well
as other downhole pumping systems, such as sucker rod pumps and other surface driven
pumps. For the purposes of this invention, the type of pump 1s not critical. Suitable
downhole pumps are multi-stage centrifugal pumps, positive displacement pumps, screw
pumps, vane pumps, turbines, gear pumps, and the like.

One preferred embodiment of the present invention is shown in Figure 1, which
shows a fluid separation system 10 for use where the water content is relatively high,
such as about 65% and above. In this system the fluid mixture is directed to a deoiling
fluid separator, and the overflow i1s then directed to a dewatering fluid separator to
remove as much water as possible from the oil being transported to the earth’s surface.

In Figure 1, a fluid mixture, such as oil and water from one or more subterranean
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formations, is passed through a conduit 12, through a pump 14 (which is desired but
totally optional), and into a first fluid separator 16 through a fluid inlet 18. Within the
first fluid separator 16 the fluid stream is separated into at least two fluid components.
These fluid components can be separated based upon fluid density, particle size,
hydrophilic or hydrophobic characteristics, electrical capacitance, magnetic
characteristics, and the like. In the case of hydrocyclones, the fluid stream’s components
will be separated based primarily upon fluid density.

A highter density separated fluid component exits the first fluid separator 16
through a first fluid outlet or overflow 20. This fluid is passed through a conduit 22 into
a fluid inlet 24 of a second fluid separator 26. A heavier density separated fluid
component exits the first fluid separator 16 through a second fluid outlet or underflow

28. Thus fluid is passed through a conduit 30 for passage of this fluid to additional fluid

separation devices and/or disposal into a subterranean formation.

The hghter density separated fluid component is further separated within the
second fluid separator 26. The lighter density separated fluid component exits the
second fluid separator 26 through a first fluid outlet or overflow 32. This fluid, which
s essentially dry crude oil, is passed through a conduit 34 for passage of this fluid to
additional fluid separation devices and/or transport to the earth’s surface. A heavier
density separated fluid component exits the second fluid separator 26 through a second
fluid outlet or underflow 36. This fluid is passed through a conduit 38 for passage of
this fluid to additional fluid separation devices and/or disposal .into a subterranean
formation.

The inventor hereof has found that to improve the separation efficiency of fluid

separation systems for a wide range of oil and water ratios, that the fluid component
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makeup or ratio of the fluid entering the fluid separator needs to be adjusted or
“conditioned”. For this purpose, the back pressure across the first fluid separator 16
needs to be adjusted to ensure that the overflow stream thatis directed to the second
fluid separator 26 remains oil-external, 1.e., the water content needs to be kept below ‘
about 35%. When this adjustment takes place the second fluid separator 26 can operate
as desired to provide relatively dry crude oil for transport to the earth’s surface.
However, care must be taken to prevent forcing the overflow of the first fluid separator
16 to contain too little water, which will cause too much oil to exit the underflow of the
first fluid separator 16. Simply stated, if the back pressure on the undertlow outlet 28
of the first fluid separator ‘16 1s increased then the water content in the overflow
increases, and if the back pressure is decreased then the water content in the overflow
decreases.

The fluid flow rate, back-pressure or residence time of the fluids within the first
fluid separator 16 can be adjusted by the operation of one or more disc, rotary, ball, gate
or plug valves 40 located on the conduit 30. An alternative method of controlling the
fluid flow through the first fluid separator 16 is to use a variable diameter opening or
orifice in the fluid inlet 18, overflow 20 and/or the underflow 28. The valve 40 can be
adjusted manually or remotely by the operation of electrical, electro-mechanical,
pneumatic or hydraulic operation devices, as are well known to those skilled in the art.

Surface measuring of a parameter associated with the separated oil can be used;

however, for the achievement of maximum separation efficiency, it is preferred that
measuring of a parameter associated with one or more of the fluid streams be achieved
downhole within the separation system itself. The desired fluid parameter can measured

at any suitable location, such as in the conduits 12, 22, 30, 34, and 38. In the
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embodiment shown in Figure 1, the desired fluid parameter is sensed by a sensor 42
located on the conduit 22 that leads from the overflow 20 of the first fluid separator 16
to the inlet 24 of the second fluid separator 26. The sensor 42 sends a signal indicative
of one or more measured fluid parameters to downhole control equipment, as will be
discussed below, and/or to the surface fof recording and analysis, as well as for control
purposes.

[t 1s preferred that the sensor 42 include or be connected to a suitable
microprocessor with appropriate computer coding to determine what appropriate action,
it any, is needed to maximize the separation efficiency of the fluid separation system 10.
Once appropriate action to be taken is determined, either at the surface or downhole,
appropriate signals are sent through fiber optic, electrical, hydraulic, pneumatic, or the
like control line(s) 44 to the valve 40 to cause such valve to be adjusted to alter the
selected fluid streams’ flow rate.

The fluid parameter to be sensed/measured can be differential pressure,
difterential pressure ratio, flow rate, pressure, temperature, and/or viscosity. In addition,

the fluid parameter can be the percentage of hydrocarbons in the selected fluid stream

density, the fluid’s electrical conductivity, the fluids dielectric constant, microwave
energy absorption, light reflectance, ultraviolet light absorption, neutron absorption,
electron density, and the like. It is preferred that the sensor 42 on the conduit 22
measure the water content of the fluid stream by the use of a suitable detector, such as
a microwave energy absorption device.

To provide additional fluid conditioning control, the back pressure across the

second tluid separator 26 may be adjusted, in a like manner as described above, by a
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valve 46 located on the conduit 38. The valve 46 can be adjusted in response to a signal
provided from the sensor 42 or from a separate sensor (not shown) located on the
conduit 34, or by examination of the fluid stream at the earth’s surface. In addition, all
or a portion of the underflow of the second fluid separator 26 passing through the
conduit 38 may be recycled back to the inlet conduit 12 of the first fluid separator 16
through a recycle conduit 48 to condition the inlet feed of the first fluid separator 16
and/or to further process the “oily water” prior to its disposal. The proportion of the
fluid to be recycled through the conduit 48 is controlled by a valve 50, which is operated
In any manner as above described, and in response to a signal from the sensor 42 or
other sensors located on one or more of the conduits, as above described.

For the situation where the percentage of water in the fluid to be separated is
greater than about 35% but less than about 65%, for example about 50%, an alternate
preferred embodiment of a fluid separation system 60 of the present invention, as shown
in Figure 2, can be used. The fluid separation system 60 passes the fluid mixture to be
treated to a deoiling fluid separator that has recycle water added to its feed to raise the
water cut to about 65% and above. The fluid mixture from the subterranean earthen
formations is passed through a conduit 62, through a fixed speed or a variable speed
pump 63 (whicﬁ 1s desired but totally optional), through a conduit 64 and into a first
fluid separator 66 through a fluid inlet 68.

A lighter density separated fluid component exité the first fluid separator 66
through a first fluid outlet or overflow 70. This fluid, which is essentially dry crude oil,
Is passed through a conduit 72 for passage of this fluid to additional fluid separation
devices and/or transport to the earth’s surface. A heavier density separated fluid

component exits the first fluid separator 66 through a second fluid outlet or underflow

PO3747CA
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74. This fluid is passed through a conduit 76 into an inlet 78 of a second fluid separator
80. In the configuration shown in Figure 2, the second fluid separator 80 is a deoiling
fluid separator of the same general type, size and configuration as the first fluid separator
66. However, fluid separators of differing type, size and configuration can be used as
1s desired.

A lighter density separated fluid component exits the second fluid separator 80
through a first fluid outlet or overflow 82. This fluid 1s passed through a recycle conduit
84 to the inlet conduit 62 of the first fluid separator 66 to retreat what is a relatively
small volume of oily water. The flow rate of the fluid to be recycled through the conduit
84 is controlled by a valve 86 and/or valve 87, of any suitable type as described
previously and which is operated in any manner as above described, and which 1s
operated in response to a signal from a sensor located on one or more of the conduits,
as above described.

The higher density separated fluid exits the second fluid séparator 80 through a
second fluid outlet or underflow 88, and into a conduit 90 for passage of this fluid to
additional fluid separation devices and/or disposal into a subterranean formation. All or
a portion of the underflow of the second fluid separator 80 passing through the conduit
90 can be recycled back to the inlet conduit 62 of the first fluid separator 66 through a
recycle conduit 92. The proportion of the fluid to be recycled through the conduit 92
is controlled by a valve 94, which is operated in any manner as above described, and in
response to a signal provided by a control line 06 from a sensor 98 or other sensors
located on one or more of the conduits, all as above described.

With the fluid separation system shown in Figure 2, as opposed to the system

shown in Figure 1, the sensor 98 and the valve 94 are used to control the recycle of
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fluids rather than the outlet pressure of one or more of the fluid separators. When the
valve 94 is opened, more water is added to the fluid mixture that is introduced into the
first fluid separator 66, and when the valve 94 is closed, less water is added to the fluid
mixture, so that the oil/water ratio is adjusted to be within acceptable operating limits
of the first fluid separator 66.

For the situation where the percentage of water in the fluid to be separated is
about 35% or less, an alternate preferred embodiment of a fluid separation system 100
of the present invention, as shown in Figure 3, can be used. The fluid separation system
100 passes the fluid mixture to be treated to a dewatering fluid separator, since the feed
will be oil-external, and then to a deoiling fluid separator. The control system is used
to adjust the amount of water that is recycled to ensure that the inlet feed to the second
tluid separator will be water-continuous, i.e., be of about 65% water or above. The fluid
mixture from the subterranean earthen formations is passed through a conduit 102,
through a pump 104 (which is desired but totally optional), and into a first fluid
separator 106 through a fluid inlet 108. A lighter density separated fluid component
exits the first fluid separator 106 through a first fluid outlet or overflow 110. This fluid.
which 1s essentially dry crude oil, is passed through a conduit 112 for passage to
additional fluid separation devices and/or pumping to the earth’s surface. A heavier
density separated fluid component exits the first fluid separator 106 through a second
fluid outlet or underflow 114. This fluid is passed through a conduit 116 into an inlet
118 of a second fluid separator 120.

A lighter density separafed fluid component exits the second fluid separator 120
through a first fluid outlet or overflow 122. This fluid 1s passed through a recycle

conduit 124 to the inlet conduit 102 of the first fluid separator 106. The higher density
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separated fluid exits the second fluid separator 120 through a second fluid outlet or

underflow 126, and into a conduit 128 for passage of this fluid to additional fluid
separation devices and/or disposal into a subterranean formation.

The fluid flow rate, back-pressure or residence time of the fluids within the
second fluid separator 120 can be adjusted by the operation of one or more valves 130
located on the conduit 128. An alternative method of controlling the fluid flow through
the second fluid separator 120 is to use a variable diameter opening or orifice in the fluid
inlet 118, overflow 122 and/or the underflow 126. The valve 130 is operated 1n any
manner as above described, and in response to a signal provided by one or more sensors
located on one or more of the conduits, all as above described.

All or a portion of the underflow of the second fluid separator 120 passing
through the conduit 128 can be recycled back to the inlet conduit 116 of the second fluid
separator 120 through a recycle conduit 132. An optional pump 134 can be used on the
conduit 132 to ensure that this recycled fluid can overcome the fluid head from the first
pump 104. The proportion of the fluid to be recycled through the conduit 132 is
controlled by a valve 136 and/or the operation of the pump 134 with or without a
variable speed drive. The valve 136 and/or the pump 134 are operated in any manner
as above described, and in response to a signal provided by a control ’line 138 from a
sensor 140 oﬁ the conduit 116 or other sensors located on one or more of the other
conduits, all as above described.

In each of the preferred embodiments described above, the ratio of the first
component to a second component of the fluid mixture is adjusted and is then introduced
into a fluid inlet of a fluid separator in response to a signal provided by the sensing

means. By adjusting the component ratio as the fluid is introduced, acceptable
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separation efficiency can be achieved over a broad range of fluid component ratios for
a given fluid separator, as well as eliminating the need to replace the existing fluid
separators when the fluid mixtures change.

Wherein the present invention has been described in particular relation to the
drawings attached hereto, it should be understood that other and further modifications,
apart from those shown or suggested herein, may be made within the scope and spirit

of the present invention.

PO3747CA
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The embodiments of the present invention in which an exclusive property or

privilege is claimed are defined as follows:

1. A downhole fluid separation system comprising:

a first fluid separator having a fluid inlet, a first fluid outlet, and a second fluid outlet;

means for sensing at least one parameter of a first component of a fluid mixture
introduced into the fluid inlet of the first fluid separator;

a recycle conduit connecting at least one of the first and second fluid outlets to the fluid
inlet for passing fluid from the at least one of the first and second fluid outlets to the fluid
inlet; and

means for adjusting the volume of fluid passed through the recycle conduit in response
to a signal provided by the sensing means to adjust the ratio of the first component to a
second component of the fluid mixture supplied to the fluid inlet of the first fluid

separator.

2. A fluid separation system accofding to claim 1, further cornpris’ing an additional
fluid separator, each fluid separator having a fluid inlet, a first fluid outlet, and an second
fluid outlet; wherein the fluid inlet of the additional fluid separator is in communication
with a source of a fluid mixture to be separated into at least a first component and a
second component; the first fluid outlet of the additional separator being in

communication with the fluid inlet of the first fluid separator.

3. A fluid separation system according to claim 2, wherein the adjusting means

comprises valve means.

4 A fluid separation system according to claim 2 or 3, wherein the recycle conduit

is connected to the fluid inlet of the additional fluid separator.

5. A fluid separation system according to claim 1, further comprising an additional
fluid separator, each fluid separator having a fluid inlet, a first fluid outlet, and an second
fluid outlet; wherein the fluid inlet of the additional fluid separator is in communication

with a source of a fluid mixture to be separated into at least a first and a second
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components; and the second fluid outlet of the additional separator is in communication

with the fluid inlet of the first fluid separator.

6. A fluid separation system according to claim 5, wherein the adjusting means

comprises means for diverting a portion of fluid exiting the second fluid outlet of the first

fluid separator along the recycle conduit to the fluid inlet of the additional fluid separator.

7. A fluid separation system according to claim 5 or 6, further comprising means for
introducing fluid exiting the first fluid outlet of the first fluid separator into the fluid inlet

of the additional fluid separator.

8. A fluid separation system according to claim 1, further comprising an additional
fluid separator, each fluid separator having a fluid inlet, a first fluid outlet, and a second
fluid outlet; wherein the fluid inlet of the additional fluid separator is in communication
with a source of a fluid mixture to be separated into at least a first and a second
components; the second fluid outlet of the additional separator is in communication with

the fluid inlet of the first fluid separator.

0. A fluid separation system according to claim 8, wherein the adjusting means
comprises means for diverting a portion of fluid exiting the second fluid outlet of the first

fluid separator to the fluid inlet of the first fluid separator.

10. A fluid separation system according to claim 8 or 9, further comprising means for

introducing fluid exiting the first fluid outlet of the first fluid separator into the fluid inlet

of the additional first fluid separator.

11. A fluid separation system according to any one of claims 1 to 10, wherein the first
fluid separator comprises a first hydrocyclone the system further comprising of a second
hysrocyclone, each hydrocyclone having a fluid inlet, a first fluid outlet, and a second
fluid outlet; the fluid inlet of the second hydrocyclone being in communication with a
downhole pumping system that provides a fluid mixture to be separated into at least a
first and a second components; the first fluid outlet of the second hydrocyclone being in

communication with the fluid inlet of the first hydrocyclone; there being provided an
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electronic sensing device for sensing at least one fluid parameter of fluid introduced into
the fluid inlet of the first hydrocyclone; and a valve for adjusting, in response to a signal

provided by the sensing device, the flow of fluid along the recycle conduit.

12. A fluid separation system according to any one of claims 1 to 10, wherein the first
fluid separator comprises a first hydrocyclone the system further comprising a second
hydrocyclone, each hydrocyclone having a fluid inlet, a first fluid outlet, and an second
fluid outlet; the tluid inlet of the second hydrocyclone being in communication with a
downhole pumping system that provides a fluid mixture to be separated into at least a

first and a second components; the second fluid outlet of the second hydrocyclone being

in communication with the ﬂui.d inlet of the first hydrocyclone; there being provided
electronic sensing device for sensing at least one fluid parameter of fluid introduced into
the fluid inlet of the second hydrocyclone; and a valve for adjusting, in response to a

signal provided by the sensing device, the flow of liquid along the recycle conduit.

13. A fluid separation system according to any one of claims 1 to 10, wherein the first
fluid separator comprises a first hydrocyclone, the system further comprising a second
hydrocyclone, each hydrocyclone having a fluid inlet, a first fluid outlet, and a second
fluid outlet; the fluid inlet of the second hydrocycl‘one being in communication with a
downhole pumping system that provides a source of a fluid mixture to be separated into
at least a first and a second components; the second fluid outlet of the second
hydrocyclone being in communication with the fluid inlet of the first hydrocyclone; there
being provided an electronic sensing device for sensing at least one fluid parameter of
fluid introduced into the fluid inlet of the first hydrocyclone; and a valve for adjusting, in
response to a signal provided by the sensing device, the flow of fluid along the recycle

conduit.
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