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DOWNHOLE APPARATUS AND METHOD

[0001] The present invention relates to a downhole appara-
tus and method, and in particular to a downhole apparatus and
method for use in the hydrocarbon production industry.
Embodiments of the invention are downhole apparatus used
with pumps in oil and gas production systems.

BACKGROUND TO THE INVENTION

[0002] Specialised downhole pumps are used in the hydro-
carbon exploration and production industry in various appli-
cations, and in particular for the production of hydrocarbons
to surface from significant wellbore depths. There are several
types of downhole pump in use, including Electrical Sub-
mersible Pumps (ESPs) and Progressive Cavity Pumps
(PCPs). An ESP is typically located at the bottom of the
production tubing, and comprises a downhole electric motor
powered and controlled from surface by a power cable which
connects to the wellhead. ESPs are highly efficient pumps
capable of high production rates, and are particularly well-
suited to the production of lighter crude oils, and are less
capable with heavy crudes.

[0003] A PCP, like an ESP, is typically attached to the
bottom end of a production tubing. A PCP comprises a rubber
stator having a helical internal profile which mates with a
rotor having an external screw profile. The rotor is connected
to a rotating shaft, which extends through the production
tubing and is driven by a surface motor. PCPs are normally
specified for their ability to produce heavy crudes.

[0004] Downhole pumps are sensitive to sands and other
abrasive solids being present in the production fluid. The
amount of sand which is produced from a well depends on
characteristics of the formation, and various methods are used
to control sand production. However, it is common for some
amount of sand or abrasive solids to be present in the produc-
tion fluid. ESPs are particularly sensitive to sand presence due
to the nature of their internal components.

[0005] With many production systems which use a down-
hole pump, problems can arise when the pump is shut down
after a period of pumping fluid up the production tubing to
surface. On pump shutdown, flow ceases very quickly as the
fluid levels in the production bore and the annulus equalise.
Gravity acting on the sand particles present in the column of
fluid above the pump (which could be several thousand
metres) causes the sand and any other solids to fall back
towards the pump. Due to the complex configuration of the
interior features of the pump, there is no direct path for the
sand to pass through the pump, and therefore it tends to settle
on top of the pump. This can cause the pump to become
plugged. When production operations are resumed, a higher
load is required to start the pump and push the plug of sand up
from the pump. In some cases this can cause motor burnout in
an ESP or breaking of the rotor shaft of PCP. Such failure of
the downhole pump requires work-over involving pull-out
and reinstallation of the completion. This is an expensive and
time-consuming operation.

[0006] Itis amongst the aims and objects of the invention to
provide a downhole apparatus and method which addresses
the above-described deficiencies of downhole pump systems.

[0007] Further aims and objects will become apparent from
reading the following description.
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SUMMARY OF THE INVENTION

[0008] According to a first aspect of the invention there is
provided a downhole apparatus comprising:

a body configured to be coupled to a production tubular and
comprising an upper opening and a lower opening;

a first flow path between the upper opening and the lower
opening in the body;

a second flow path between the upper opening and the lower
opening in the body;

a flow diverter arranged to direct downward flow through the
body towards the second flow path and away from the first
flow path; and

a filter device in the second flow path for collecting solid
particles in the second flow path.

[0009] Thedownhole apparatus may form a part of a hydro-
carbon production system, and may be used during produc-
tion of hydrocarbons. The apparatus may therefore collect
solid particles from a production fluid.

[0010] The downhole apparatus therefore functions to filter
or collect solids, including sands and other abrasive solids,
which may be entrained in fluid present in the second flow
path. The fluid may flow downward through the apparatus, in
which case the flow diverter directs the fluid flow through the
second fluid path, and through the filter device to the lower
opening. However, the downhole apparatus also operates
when there is no downward fluid flow: solids entrained in the
fluid column may flow downward through a stationary fluid to
the second flow path and be collected at the filter device of the
apparatus.

[0011] By diverting the flow to a second flow path for
filtering or collection of solids, the first flow path may be
maintained without causing build-up of solids or plugging in
the first flow path.

[0012] The body may be a tubular configured to be
assembled into a production tubing, and the first flow path
may therefore be arranged to receive the upward flow of
production fluid from a hydrocarbon production system.
Preferably, the hydrocarbon production system is an artificial
lift production system, which may comprise one or more
downhole pumps located below the downhole apparatus. The
pumps may be Electrical Submersible Pumps (ESPs) or may
be Progressive Cavity Pumps (PCPs). Therefore the appara-
tus may prevent passage of the solids downward through the
apparatus and towards a downhole pump. The solids are pre-
vented from passing through or settling on the downhole
pump by being collected in the apparatus.

[0013] It will be appreciated that the downhole apparatus
may be connected to production tubing at the lower opening,
ormay be installed on a downhole pump with no intermediate
tubing or via a specialised connecting sub-assembly.

[0014] Inapreferred embodiment of the invention, the first
flow path is a main throughbore of the apparatus, which is
aligned with the main bore of the production tubing. The
second flow path may be located in an annular space between
the first flow path and a wall of the body. The second flow path
may comprise an annular flow path disposed around the first
flow path.

[0015] Preferably, the first flow path and the second flow
path are in fluid communication, and fluid flowing in the first
flow path in an upward direction may cause fluid flow in the
second flow path which carries filtered or collected solid
particles away from the filter device. Thus in a production
mode, where production fluid flows upward in the first flow
path, the flow may induce collected solids to be progressively
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washed away from the filter and carried upwards out of the
apparatus and into the main production flow stream. The first
and second flow paths may be in fluid communication via one
or more vents.

[0016] Preferably, the flow diverter comprises a valve. The
valve may be operable to close the first flow path against flow
in a downward direction through the apparatus (thus directing
flow to the second flow path). The valve may be operable to
open the first flow path when fluid flows in an upward direc-
tion in the apparatus. The valve may be biased towards a
closed position. The valve may for example be a mushroom
valve, a flapper valve, a ball valve, a cone valve or a petal
valve. The valve may be configured for intervention, for
example to open the valve and/or allow the valve to be
removed from the well. The intervention may be a wireline
intervention or may be for example by actuation of a sleeve.
[0017] The apparatus may be configured to accommodate
the passage of a shaft therethrough, such as a drive shaft for a
downhole pump. Thus the apparatus may be used with a
Progressive Cavity Pump (PCP). In such an embodiment, the
flow diverter may comprise a petal valve, which may be a
rubber petal valve.

[0018] The filter device may comprise a mesh or screen,
which may be disposed between the first and second flow
paths. The first and second flow paths may be separated by a
wall, which may comprise one or more vents. A mesh or
screen may be disposed over the one or more vents. The vents
may comprise holes, or slots, and may comprise circumfer-
entially or longitudinally oriented slots. Alternatively, the
slots may comprise helically oriented slots, or may comprise
a combination of slots with different orientations.

[0019] Preferably the distribution of the vents is non-uni-
form, and there may be a greater distribution of vents towards
a lower part of the apparatus.

[0020] The vents may be formed with a laser cutting tool.
Alternatively the vents may be formed with a water jet. The
vents may be shaped and/or sized to limit the passage of sand
and/or solid particles therethrough. The vents may have a
dimension of around 0.5 mm, and may comprise slots of
approximately 0.5 mm.

[0021] Optionally, the apparatus comprises means for
stimulating flow at the bottom part of the second flow path,
which preferably includes an axial (or upward) flow compo-
nent in the second flow path. One or more holes may be
arranged between the lower part of the first flow path and the
second flow path, for example through the lower subassem-
bly, to receive upward flow from the main flow path. This may
direct flow towards a lower surface of a volume of solids
collected in the device, assisting with the solids being washed
away from a lower part of the second flow path.

[0022] One or more vents may comprise a one-way valve,
which may comprise a flexible or moveable membrane. The
valve may be operable to be closed to flow from the second
flow path to the first flow path, and open to flow from the first
flow path to the second flow path.

[0023] The words “upper”, “lower”, “downward” and
“upward” are relative terms used herein to indicate directions
in a wellbore, with “upper” and equivalents referring to the
direction along the wellbore towards the surface, and “lower”
and equivalents referring to the direction towards the bottom
hole. It will be appreciated that the invention has application
to deviated and lateral wellbores.

[0024] According to a second aspect of the invention there
is provided a hydrocarbon production system comprising:
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a production tubing;

at least one downhole apparatus of the first aspect of the
invention coupled into the production tubing; and

at least one downhole pump coupled to the production tubing
below the downhole apparatus.

[0025] The downhole pump may comprise an ESP or may
comprise a PCP. The downhole apparatus may be located in
proximity to the downhole pump, for example less than about
50 feet (about 15 m) above the pump and preferably within
around 20 to 30 feet (about 6 m to 9 m).

[0026] Where the system comprises multiple downhole
apparatus, a second downhole apparatus may be located at a
greater distance from the pump, for example in excess of 500
feet (150 m) above the downhole pump. In such a configura-
tion, the uppermost downhole apparatus may be equipped for
intervention (for example to open a flow diverter to provide
full bore access), whereas the lowermost apparatus may not
require such a feature.

[0027] Embodiments of the second aspect of the invention
may comprise preferred or optional features of the first aspect
of the invention or vice versa.

[0028] According to a third aspect of the invention there is
provided a downhole pump assembly comprising a downhole
pump and the downhole apparatus according to the first
aspect of the invention.

[0029] Embodiments of the third aspect of the invention
may comprise preferred or optional features of the first or
second aspects of the invention or vice versa.

[0030] According to a fourth aspect of the invention there is
provided a filter apparatus for a downhole pump, the filter
apparatus comprising:

abody configured to be coupled to a production tubular above
a downhole pump and comprising an upper opening and a
lower opening;

a first flow path between the upper opening and the lower
opening in the body;

a second flow path between the upper opening and the lower
opening in the body;

a flow diverter arranged to direct downward flow through the
body towards the second flow path and away from the first
flow path; and

a filter device in the second flow path for preventing solid
particles in the second flow path from passing through the
lower opening.

[0031] The filter apparatus may form a part of a hydrocar-
bon production system, and may be used during production of
hydrocarbons. The filter apparatus may therefore collect solid
particles from a production fluid.

[0032] The filter apparatus may be self-cleaning. The first
flow path and the second flow path may be in fluid commu-
nication, and fluid flowing in the first flow path in an upward
direction may cause fluid flow in the second flow path which
carries filtered or collected solid particles away from the filter
device.

[0033] Embodiments of the fourth aspect of the invention
may comprise preferred or optional features of the first to
third aspects of the invention or vice versa.

[0034] According to a fifth aspect of the invention there is
provided a method of operating a hydrocarbon well, the
method comprising:

providing a production tubular, a downhole pump in the pro-
duction tubular, and a body coupled to a production tubular
above the downhole pump and comprising an upper opening
and a lower opening;
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in a production mode, operating the downhole pump to cause
fluid to flow in a first flow path upward through the body;
ceasing operation of the pump;

directing downward flow of fluid and/or entrained solids to a
second flow path in the body; filtering or collecting solid
particles in the second flow path.

[0035] Preferably the method may be used during produc-
tion of hydrocarbons.

[0036] The method may comprise: operating the pump to
cause fluid to flow in the first flow path upward through the
body; inducing fluid flow in the second flow path to carry
filtered or collected solid particles upwards through the body.
Preferably, the method comprises carrying filtered or col-
lected solid particles out of the upper opening of the body.
Preferably, the filtered or collected solid particles are carried
progressively from the body, and may be gradually and pro-
gressively lifted from the uppermost part of a volume of solids
collected in the apparatus.

[0037] Embodiments of the fifth aspect of the invention
may comprise preferred or optional features of the first to
fourth aspects of the invention or vice versa.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] There will now be described, by way of example
only, embodiments of the invention with respect to the fol-
lowing drawings, of which:

[0039] FIGS.1A, 1B and 1C are sectional views of a down-
hole apparatus in accordance with a first embodiment of the
invention in different phases of operation;

[0040] FIGS. 2 and 3 are sectional views of downhole appa-
ratus according to alternative embodiments of the invention;
[0041] FIGS. 4A and 4B are respectively longitudinal sec-
tion and cross-sectional views of a downhole apparatus in
accordance with a further alternative embodiment of the
invention;

[0042] FIG. 5 is part-longitudinal section of a downhole
apparatus in accordance with a further alternative embodi-
ment of the invention;

[0043] FIGS. 6A to 6C are sectional views of a downhole
apparatus in accordance with a further alternative embodi-
ment of the invention in different phases of operation;
[0044] FIG.7is a cross-sectional view through a part of the
downhole apparatus of FIGS. 6A to 6C;

[0045] FIGS. 8, 9 and 10 are part-sectional views of vent
configurations which may be used in different embodiments
of the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0046] Referring firstly to FIGS. 1A to 1C, there is shown in
longitudinal section a downhole apparatus according to a first
embodiment of the invention, generally depicted at 10. The
apparatus 10 is configured for use in an artificial lift hydro-
carbon production system which uses an electrical submers-
ible pump (ESP) to pump hydrocarbons upwards in a produc-
tion tubing to surface.

[0047] The apparatus 10 comprises a body 12 formed from
atop sub assembly 14, a pressure retaining housing 16, and a
bottom sub assembly 18. The body 12 defines a throughbore
20 between an upper opening 22 and a lower opening 24. The
lower opening is coupled to a production tubing above a
downhole pump such as an ESP (not shown). The apparatus
10 may be located immediately above the ESP in the produc-
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tion tubing, or there may be intermediate tubing (not shown)
between the ESP and the apparatus 10. It is advantageous for
the apparatus to be located close to the ESP and the tubing
string.

[0048] The apparatus 10 also comprises an inner tubular 26
which extends along a part of the body 12. The inner tubular
26 is concentric with the body 12, and is aligned with the
lower opening 24 and the upper opening 22 so as to provide a
continuation of a main bore of the production tubing. In this
embodiment, the inner tubular 26 has an inner diameter
approximately equal to the main bore of the production tub-
ing. The inner tubular 26 divides the throughbore 20 into a
first flow region 284 on the inside of the tubular and a second
flow region 285 in an annular space 30 between the inner wall
of the housing 16 and the inner tubular 26. The inner tubular
26 is vented such that the first flow region 284 and the second
flow region 286 are in fluid communication. The inner tubular
26 is also provided with a mesh 31 to prevent the passage of
solids having a size larger than the apertures in the mesh from
passing between the first and second flow regions.

[0049] At theupper end of the inner tubular 26 is a valve 34
which functions to divert flow in the apparatus 10. A spider 32
supports the inner tubular 26 and defines a valve seat 36 for a
valve member 38. The valve 34 is operable to be moved
between an open position, shown in FIGS. 1A and 1C, and a
closed position shown in FIG. 1B. The valve member 38 is
biased towards the closed position shown in FIG. 1B by a
spring located between a valve mount 40 and the valve mem-
ber 38.

[0050] Operation of the apparatus will now be described
with reference to FIGS. 1A to 1C. In FIG. 1A, the apparatus
10 is shown in a production phase, with the downhole pump
operating to cause production fluids to flow upwards through
the throughbore (as depicted by the arrows), entering the
lower opening 24 and leaving the upper opening 22. As fluid
flows into the apparatus 10, it enters the first flow region 28a
defined by the inner tubular 26. The fluids also enter the
second flow region 285 through vents in the inner tubular 26,
such that fluid also flows upwards in the annular space 30
between the inner wall of the housing 16 and the inner tubular.
Here it should be noted that there is no direct flow path from
the lower opening 24 to the second flow region which does not
pass through the first flow region. The pressure created by the
downhole pump acts against the valve member 38 and opens
the valve 34, such that fluid flows from the first flow region
28a past the valve 34 and out of the upper opening 22. Fluid
flowing in the second flow region 285 flows past the spider 32
and exits the upper opening 22.

[0051] FIG. 1B shows a shutdown phase of the hydrocar-
bon production system. In this configuration, the downhole
pump has been switched off, and fluid is no longer pumped
upwards through the apparatus 10. The absence of pressure
on the lower surface of the valve member 38 causes the valve
34 to close. This prevents fluid from entering the first flow
region from an upper part of the apparatus 10 or from pro-
duction tubing above the apparatus. Fluid flows downwards
in the apparatus 10, as depicted by the direction of the arrows,
until the fluid column in the production string equalises with
the fluid column in the wellbore annulus. During this down-
ward fluid flow phase, the fluid is diverted into the second
flow region 2854. Solid particles such as sands entrained in the
fluid are also diverted into the second flow region 28b. The
fluid is allowed to pass into the first flow region 28« through
vents in the inner tubular 26, and out through the lower
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opening 24. The mesh 31 functions to screen or filter solid
particles such as sands from the fluid, and the solids are
collected in the second flow region 285. When the fluid col-
umn is at rest and no longer flows through the tool, solid
particles continue to fall through the fluid by gravity acting on
the solids. Solid particles flowing in the fluid are diverted
away from the first flow region 28a by the closed valve and
into the second flow region 285 where they are collected.
[0052] FIG. 1C shows a subsequent production phase, after
operation of the downhole pump has been resumed. Produc-
tion fluid is caused to flow upwards through the apparatus 10
and the pump pressure opens the valve 34 to open the first
flow region 28a. The accumulated solid particles do not gen-
erate any significant back pressure on the flow path through
the apparatus: the back pressure of the apparatus and valve is
known, and can be exceeded within the normal operating
parameters of the downhole pump. As fluid flows in the first
flow region 28a defined by the inner tubular, fluid is also
vented to the second flow region 284. This has the effect of
inducing fluid flow in the second region 285 which lifts and
carries sands and solids which have accumulated in the sec-
ond flow region during the shutdown phase. The sands and
solids are entrained in the flow upwards through the apparatus
and out of the upper opening 22, into the production tubing.
Therefore the accumulated sands and solids are washed from
the apparatus during a subsequent production phase.

[0053] The apparatus of this embodiment provides a filter
system for solids in a production tubing which prevents the
solids from settling on, or passing downwards through, a
downhole pump. The downhole apparatus filters the solids in
a way which does not provide a significant backpressure or
resistance to subsequent operation of the pump. In addition,
the solids are collected in a manner which allows them to be
entrained into a production fluid flow during a subsequent
production phase and therefore allows them to be washed
from the apparatus. This allows the apparatus to be used for
extended periods.

[0054] FIGS. 2 and 3 are sectional views of upper parts of
two alternative embodiments of the invention. FIG. 2 shows
an upper part of an apparatus 40, and FIG. 3 shows an upper
part of an apparatus 60. The apparatus 40 and 60 are similar to
the apparatus 10, and will be understood from FIGS. 1A to 1C
and the accompanying text. However, the apparatus 40 and 60
differ in the valve configuration.

[0055] Referring to FIG. 2, the apparatus 40 comprises a
ball valve 42, in place of the mushroom-type valve in the
apparatus 10. The ball valve 42 comprises a ball 44 which
rests on a valve seat 46 to seal the inner tubular 26. A retainer
48 prevents the ball 44 from passing too far upwards in the
apparatus 40 under the fluid flow. The ball 44 is selected to be
lifted by the fluid flow during a production phase (equivalent
to FIGS. 1A and 1C) and rests on the valve seat 46 by gravity
during a shutdown phase of the downhole pump (equivalent
to FIG. 1B).

[0056] FIG. 3 shows an upper part of an apparatus 60,
which differs from the apparatus 10 and 40 in the configura-
tion of the valve. In this embodiment, the valve 62 is a flapper-
type valve having a valve member 64 which is pivotally
mounted on the spider to move between an open position and
a closed position on the valve seat 66. In the closed position,
the valve prevents fluid flow into an upper part of the inner
tubular 26. A biasing member is included in a hinge 68 such
that in the absence of upward flow, the valve member 64 rests
on the valve seat.
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[0057] Referring now to FIGS. 4A and 4B, there is shown a
further alternative embodiment of the invention, which dif-
fers in its valve configuration. FIG. 4A is a longitudinal
section through an upper part of an apparatus, generally
depicted at 80, and FIG. 4B is a cross-section through the
apparatus 80 at line B-B'.

[0058] Theapparatus is similarto the apparatus 10, and will
be understood from FIGS. 1A to 1C and the accompanying
text. The apparatus 80 comprises a retrievable valve 84, which
is of the mushroom-type, comprising a valve member 82
movable between an open and closed position on a valve
mount 88. As before, a spring biases the valve member into a
closed position on a valve seat 86.

[0059] In this embodiment, the valve mount 88 comprises
fins 90 (most clearly shown in FIG. 4B) which are held into
the valve seat by shear screws 92. The upper part of the valve
member 86 is provided with a standard fish neck formation
94, and is configured to engage with a wireline fishing tool
having a complementary socket. Should it be required to
remove the valve to gain full bore access to the production
tubing, a wireline tool can be run down the production tubing
to engage with the fish neck 94. By pulling on the wireline or
imparting an upward jar, the shear screws 92 can be sheared
and the valve mount 82 released from the valve seat 86. The
valve member 82 and valve mount 88 can then be pulled to
surface via the wireline. It will be appreciated that other valve
types may be provided with a remote retrieval arrangement
similar to that shown in FIGS. 4A and 4B.

[0060] Referring now to FIG. 5, there is shown a further
alternative embodiment of the invention, which differs in its
valve configuration. FIG. 5 is a longitudinal section through
an upper part of an apparatus, generally depicted at 200. The
apparatus 200 is similar to the apparatus 10, and will be
understood from FIGS. 1A to 1C and the accompanying
description. The apparatus 200 comprises a flapper-type
valve 220, having a valve member 240 which is pivotally
mounted on the spider 232 to move between an open position
and a closed position on the valve seat 260. A biasing member
is included in a hinge 280 such that in the absence of upward
flow, the valve member 240 rests on the valve seat 260. In the
closed position, the valve prevents fluid flow into a first flow
region 228a. A space 265 is provided to accommodate the
valve member 240 in the open position.

[0061] This particular embodiment enables an intervention
to provide full bore access 250 without the need to remove
any part of the apparatus. This is achieved by the presence of
asleeve 230, which connects the tubular above the valve to the
tubular below it. FIG. 5 shows the sleeve 230 in a lower
position, in which a window 270 in the sleeve accommodates
the valve member 240 and allows it to move between the open
and closed positions. The sleeve is held in the lower position
by engaging formations 290 which are received in recesses
210 in the upper subassembly 214. An upper end 225 of the
sleeve 230 is provided with a shoulder 235 which can be
engaged by an actuating tool (not shown) to pull the sleeve
upwards with respect to the body 212 of the apparatus.
Upward movement of the sleeve 230 forces the valve member
240 into the open position. The sleeve is retained in an upper
position by the engagement of the formations 290 with lock-
ing recess 255, and therefore the sleeve locks the valve mem-
ber 240 into its open position.

[0062] The above-described embodiments are particularly
suited for use with downhole pumps which are operated by
downhole motors, such as ESPs. FIGS. 6A to 6C and 7 illus-
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trate an alternative embodiment of the invention suitable for
use with a system which has a shaft extending through the
apparatus. This is particularly useful in applications to pro-
duction systems with progressive cavity pumps (PCPs) which
are driven from surface by a drive shaft which extends down
the production tubing

[0063] In FIGS. 6A to 6C, an upper part of the apparatus,
generally depicted at 100, is shown in longitudinal section in
different phases of operation. FIG. 7 is a part-sectional view
from above, showing the shaft and bore in cross section and
the petals of the valve in a closed configuration. Again, the
apparatus 100 is similar to the apparatus 10, and will be
understood from FIGS. 1A to 1C and the accompanying
description. Once again, the apparatus 100 differs in details of
the valve configuration, which is designed to permit the pas-
sage of a drive shaft 101 for a PCP. In this embodiment, the
valve comprises a rubber petal valve 104, which has a plural-
ity of petals 106 arranged circumferentially around the drive
shaft 101. The valve 104 is engineered to be biased towards
the closed position, but the biasing force is sufficiently light
s0 as not to unduly restrict the rotation of the drive shaft to
drive the pump.

[0064] FIG. 6A shows the apparatus 100 in a production
phase. The downhole pump is operating to cause production
fluids to flow upwards through the apparatus 100, and with the
flow acting against the valve 104, the valve opens away from
the drive shaft 101 and allows fluid to flow from the first flow
region 28a towards the upper opening 22.

[0065] FIG. 6B shows shutdown phase of the production
system, in which the downhole pump has ceased. With no
pressure acting from below, the valve 104 closes against the
drive shaft 101 and prevents flow to the first flow region 28a
from above. Fluids and/or entrained solids and sand flow
downwards in the apparatus 101, and are diverted to the
second flow region 285 in which the solids and sands accu-
mulate.

[0066] In a subsequent production phase, shown in FIG.
6C, the downhole pump resumes to pump fluid upwards
through the apparatus 100 and open the valve 104. Fluid flow
in the first flow region 28« also induces flow in the second
flow region 28b to carry sands and solids upwards in the
apparatus to rejoin the production flow.

[0067] FIGS. 8 to 10 show a range of vent configurations
which may be used in various embodiments of the invention,
alone or in combination. FIG. 8 shows a first vent configura-
tion 170, showing a wall 172 of the inner tubular comprising
a plurality of circular holes 174 which vent the first flow
region 28a to the second flow region 285. The holes 174 are
arranged in a helical pattern on the inner tubular, and are
provided with a wire mesh filter or screen 176 on the outer
surface to prevent solid particles moving from the second
flow region to the first flow region.

[0068] FIG. 9 shows an alternative arrangement 180, in
which the wall 182 of the inner tubular is provided with a
plurality of slots 186 which vent the first flow region to the
second flow region. The slots 186 are finely cut in the wall
182, and are formed circumferentially in the tubular. In this
arrangement, multiple groups 184 of slots 186 are provided,
with multiple groups arranged helically around the tubular. It
will be appreciated that the slots could be cut in other orien-
tations in alternative embodiments of the invention, and in
further alternatives, a wire mesh screen or filter may be pro-
vided over the slots 186.
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[0069] FIG. 10 shows a further alternative embodiment of
the invention at 190. In this embodiment, the vents are circu-
lar holes 194 formed with rubber membrane covers 196
which are arranged to open to flow from the inside of the
tubular to the outside, and to close to flow from the outside of
the tubular to the inside. In use, the rubber membrane 196
covers the holes to prevent flow of fluid from the second flow
region 285 into the first flow region 28a, and therefore pre-
vents the passage of solids and sands downward through the
apparatus.

[0070] The vents may be arranged in a variety of different
configurations, and in some applications it may be advanta-
geous to arrange the vents in a non-uniform distribution or
pattern on the apparatus. For example, improved operation
may be achieved by increasing the quantity and/or size of
vents (and therefore the fluid communication between the
first and second flow paths) towards the lower part of the
apparatus.

[0071] It may also be advantageous to provide one or more
additional flow paths which introduce an axial flow compo-
nent at the lower part of the second flow path. For example,
one or more holes may be arranged between the lower part of
the first flow path 284 and the second flow path 285 through
the lower subassembly 18 to receive upward flow from the
main flow path. This may stimulate flow at the bottom of the
second flow path and assist with the solids from being washed
away from a lower part of the second flow path.

[0072] The invention provides a downhole apparatus com-
prising a body configured to be coupled to a production tubu-
lar and an upper opening and a lower opening. First and
second flow paths are provided between the upper opening
and the lower opening in the body, and a flow diverter is
arranged to direct downward flow through the body towards
the second flow path and away from the first flow path. A filter
device in the second flow path filters or collects solid particles
in the second flow path from passing out of the lower opening
of the apparatus. The apparatus has particular application to
artificial lift hydrocarbon production systems, and may be
installed above a downhole pump in a production tubing to
prevent solids from settling on the pump during pump shut-
down. Embodiments for use with ESPs and PCPs are
described.

[0073] Various modifications may be made within the
scope of the invention as herein intended, and embodiments
of the invention may include combinations of features other
than those expressly claimed. In particular, flow arrange-
ments other than those expressly described herein are within
the scope of the invention. For example, although the
described embodiments include a first flow path correspond-
ing to a main through bore of the apparatus, and a second flow
path in an annular space, this is not essential to the invention.
Other flow paths may be used. However, the flow arrange-
ment of the described embodiments has been recognised by
the inventors to efficiently allow solid particles and sands
collected and accumulated in the second flow path to be
entrained in the production flow during the subsequent pro-
duction phase. Multiple downhole apparatus according to the
invention may be used in combination in a production tubing.
One apparatus may be provided in proximity to the downhole
pump, with another further up in the tubing string. One or
more of the apparatus may be configured for intervention (for
example to recover full-bore access), but this may not be
required for the lower apparatus.
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[0074] It will be appreciated that combinations of features
from different embodiments of the invention may be used in
combination.

1. A downhole apparatus comprising:

abody configured to be coupled to a production tubular and
comprising an upper opening and a lower opening;

a first flow path between the upper opening and the lower
opening in the body;

a second flow path between the upper opening and the
lower opening in the body;

a flow diverter arranged to direct downward flow through
the body towards the second flow path and away from
the first flow path; and

a filter device in the second flow path for collecting solid
particles from the second flow path.

2. The apparatus as claimed in claim 1, wherein the body is
atubular configured to be assembled into a production tubing,
and the first flow path is arranged to receive the upward flow
of production fluid from a hydrocarbon well.

3. (canceled)

4. The apparatus as claimed in claim 1, wherein the second
flow path is located in an annular space between the first flow
path and a wall of the body.

5. The apparatus as claimed in claim 4, wherein the second
flow path comprises an annular flow path disposed around the
first flow path.

6. The apparatus as claimed in claim 1, wherein the first
flow path and the second flow path are in fluid communication
with one another.

7. The apparatus as claimed in claim 6, wherein fluid flow-
ing in the first flow path in an upward direction causes fluid
flow in the second flow path which carries filtered or collected
solid particles away from the filter device.

8. The apparatus as claimed in claim 6, wherein the firstand
second flow paths are in fluid communication with one
another via one or more vents.

9. (canceled)

10. The apparatus as claimed in claim 8 wherein the distri-
bution of the vents is non-uniform.

11. The apparatus as claimed in claim 1, wherein the flow
diverter comprises a valve, wherein the valve is operable to
close the first flow path against flow in a downward direction
through the apparatus, and wherein the value is operable to
open the first flow path when fluid flows in an upward direc-
tion in the apparatus.

12. (canceled)

13. (canceled)

14. The apparatus as claimed in claim 11, wherein the valve
is biased towards a closed position.

15. The apparatus as claimed in claim 11, wherein the valve
is configured for intervention from surface.
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16. The apparatus as claimed in claim 15, wherein the valve
is configured to be removed from the well by a wireline
intervention.

17. The apparatus as claimed claim 1, wherein the appara-
tus is configured to accommodate the passage of a drive shaft
for a downhole pump.

18. The apparatus as claimed in claim 17, wherein the flow
diverter comprises a petal valve.

19. (canceled)

20. (canceled)

21. The apparatus as claimed claim 1, wherein the first and
second flow paths are in fluid communication with one
another via one or more vents, and wherein the one or more
vents comprises a one-way valve operable to be closed to flow
from the second flow path to the first flow path, and open to
flow from the first flow path to the second flow path.

22. A hydrocarbon production system comprising:

a production tubing;

a downhole apparatus of claim 1 coupled into the produc-

tion tubing; and

at least one downhole pump coupled to the production

tubing below the downhole apparatus.

23. (canceled)

24. A downhole pump assembly comprising a downhole
pump and at least one downhole apparatus according to claim
1.

25. A method of operating a hydrocarbon well, the method
comprising:

providing a production tubular, a downhole pump in the

production tubular, and a body coupled to a production
tubular above the downhole pump and comprising an
upper opening and a lower opening;

in a production phase, operating the downhole pump to

cause fluid to flow in a first flow path upward through the
body;

ceasing operation of the pump;

directing downward flow of fluid and/or entrained solids to

a second flow path in the body;

filtering or collecting solid particles in the second flow

path.

26. The method as claimed in claim 25, comprising:

operating the downhole pump to cause fluid to flow in the

first flow path upward through the body; and

inducing fluid flow in the second flow path to carry filtered

or collected solid particles upwards through the body.

27. The method as claimed in claim 26, comprising carry-
ing filtered or collected solid particles out of the upper open-
ing of the body.
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