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DESCRIPTION

[0001] The present invention relates to an apparatus for, and a method of, separating solid
particles from a hydrocarbon-containing fluid produced from an oil and/or gas production
facility. In particular the present invention relates to a system for the removal of solids, in
particular sand, the washing of these solids and the application thereof, particularly in the
production of oil and/or gas.

[0002] During the production of oil and gas large amounts of solids, for example, sand or
chalk, can be produced. The amount and type of solids can vary from reservoir to reservoir
and from well to well. It can also vary during the life of the reservoir/well. For example, as the
reservoir pressure decreases during production, the stress state of the matrix rock in the
reservoir changes. Such changes can result in increased stress in the matrix so that
mechanical failure can occur resulting larger amounts of sand production (if it is a sandstone
reservoir). The original pressure in the reservoir supported the rock formation and when this is
remove through production, the matrix itself has to support the weight of the formation above
and this increase in stress state results in sand production. As another examples Enhanced Oil
Recovery (EOR) techniques such as water or gas injection can cause an increase in the
amount of sand being swept into the production well. Whatever the mechanism the production
of sand (and other materials) entrained in the oil and/or gas product stream can cause many
issues for the operator (for example, Oil Company) of the reservoir. In particular, sand in the
production will cause erosion in pipelines and downstream equipment. It can also result in
clogging of process equipment, e.g., valves and pumps, resulting in higher maintenance costs
and loss of production during this maintenance. Maintenance operations can be very costly
and can have a significant impact on the efficiency and economics of the process system and
reservoir. This is particularly acute in offshore environments where such operations are
logistically difficult and therefore more expensive.

[0003] In addition to the adverse effects of erosion and the loss of production during
maintenance, any sand must be removed from the production stream before it can be
delivered and it must be disposed of in an environmentally acceptable manner. In an offshore
environment it cannot be simply pumped into the sea because the sand particles themselves
are coated with hydrocarbons and therefore represent a source of pollution. Either the sand is
transported on shore to be treated for disposal or it needs to be cleaned to an acceptable level
offshore before disposal into the sea. Today solutions for cleaning offshore are not very
efficient and transportation is very costly. In some cases the separated solids particles are re-
injected into another well, however, this is also a costly solution.

[0004] There are many types of particle (e.g., sand) separators presently available and most
function according to the centrifugal principle where a vortex is generated in the separator so
that particles are thrown against the internal wall by centrifugal forces and fall to the bottom of
the vessel for collection. The produced fluids leave the vessel through an upper outlet.
However, such solutions usually work at certain flow rates and have a reduced efficiency if the



DK/EP 3218115 T3

production rate changes. If it is too high significant erosion takes place in the vessel and at
lower rates the centrifugal effect is reduced so that solids particles leave the vessel with the
produced oil and/or gas. In addition, the vortex generated in the vessel can sometimes pick up
the collected sand at the bottom of the vessel and drag it into the output stream. As a result of
the above, often such equipment has a narrow window of production flow rate in which it will
operate efficiently.

[0005] Sand washing systems are presently used but these systems generally rely of
water/chemical jetting of the sand (sometimes with hot water) involving heavy pumps with
repeated flushing. They have a large footprint, which can cause issues on offshore platforms -
on such structures deck space and load capacity is very costly. Because their efficiencies are
generally not that high, the residence time for sand particles is high (due to rewashing) and it
can be difficult to get solids particles that are clean enough to meet regulation requirements for
disposal at sea. In addition, the dirty water must also be treated for disposal.

[0006] US-A-3850816 discloses a cyclone, for separating a heavier substance from flowing
media, which includes a venturi nozzle and a continuously widening duct curved spirally about
a cylindrical part to supply the flowing media in substantially tangential direction into the
cylindrical part.

[0007] GB-A-2293992 discloses the treatment of sand jetted with water to form a slurry which
is fed to a hydrocyclone for removal of oils and waxes from sand which collects in various types
of vessels used in an offshore oil production facility.

[0008] The present inventors have worked to establish technical solutions to the above
restrictions associated with technology presently used in the industry or disclosed in the prior
art.

[0009] The present invention provides an apparatus for separating solid particles from a
hydrocarbon-containing fluid produced from an oil and/or gas production facility according to
claim 1; and a method of separating solid particles from a hydrocarbon-containing fluid
produced from an oil and/or gas production facility according to claim 12. Preferred features
are defined in the respective dependent claims.

[0010] In particular, the preferred embodiments of the present invention can provide an
apparatus, which integrates the separation and cleaning of sand or chalk particles (note that
through this description solids, solids particles and sand are used interchangeably as sand is
the most common solids produced) from production flow in a compact system that reduces the
requirement for a large footprint on an offshore platform. However, it will be appreciated by
those skilled in the art that such a system has wide application both offshore and on land
based oil and gas production facilities. It will also be understood that the individual element of
the system can be used independently of each other, e.g., the sand separator without the
washing component or with some other solids treatment system and all such combinations are
anticipated.
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[0011] The present invention accordingly can preferably provide apparatus and/or methods for
the separation of solids/sand from oil and gas production fluids, the cleaning of said
solids/sand to a level that is environmentally acceptable for disposal at sea. In addition the
system provides a means to automatically collect representative solids particles samples in
order to continuously evaluate the efficiency of the system.

[0012] According to a first preferred aspect of this invention there is provided a system
comprising a Dynamic Solids Separator, Solids Buffer and Washing Plant and at least one
Production Sample bucket.

[0013] According to a second preferred aspect of this invention the Dynamic Solids Separator
comprise an upper spiral inlet channel that has an inlet cross-sectional area that is greater
than the channel outlet cross-sectional area such that the velocity of the fluids exiting the spiral
channel is greater than the velocity entering it.

[0014] According to a third preferred aspect the inlet of the spiral channel is of circular cross-
section and the outlet is of rectangular cross-section.

[0015] According to a forth preferred aspect of this invention the spiral channel starts on a
larger diameter at the inlet and ends on a smaller diameter at the outlet.

[0016] According to a fifth preferred aspect of the invention the spiral channel starts at one
azimuth and ends on a second azimuth thus inducing an exit rotation to the fluid exiting the
spiral channel.

[0017] According to a sixth preferred aspect of this invention there is provided a rectangular
flow restrictor on the spiral channel outlet that can be used to control the exit velocity of fluids
leaving the channel.

[0018] According to a seventh preferred aspect the flow restrictor is spring loaded such that
when the pressure drop across the spiral channel reduces due to a reduce flow rate of fluid
entering the channel, the flow restrictor closes slightly to further restrict the flow and thus
increase the fluid exit velocity.

[0019] According to an eighth preferred aspect of this invention the flow restrictor is
mechanically operated by, for example, manual movement or by a hydraulic or electrically
actuation system. The actuator being controlled to maintain, or achieve a certain pressure drop
across the spiral channel, or to maintain/obtain a certain exit fluid velocity.

[0020] According to a ninth preferred aspect the upper spiral inlet section and flow restrictor
are fabricated from wear resistant material or is internally coated with a wear resistant material
such as Tungsten Carbide, Ceramic, Rubber etc.
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[0021] According to an tenth preferred aspect of this invention the upper spiral section inlet
section is fabricate using a HIPing process employing specialist wear resistant material or
alloys that have been formulated to provide high wear resistance.

[0022] According to a eleventh preferred aspect there is an exit pipe leaving through the top of
the upper section through which produced fluids (cleaned of solids) will exit the Dynamic Solids
Separator.

[0023] According to a twelfth preferred aspect of this invention the Dynamic Solids Separator
has a lower section that comprises an inverted conical element where the diameter reduces as
the distance from the top increases and is connected to a cylindrical lower pipe from which
separated solids particles are collected.

[0024] According to a thirteenth preferred aspect of this invention there is a method of
controlling the aperture created by the flow restrictor that comprise the steps:

1. 1) Ramp the flow rate from the well to the desired production rate.

2.2) Determine the amount of sand exiting the top of the Dynamic Solids Separator
entrained in the cleaned fluids and the amount of sand exiting the bottom of the Dynamic
Solids Separator, that is, separated solids.

3. 3) Adjust the position of the flow restrictor according to other aspects of this invention to
change the pressure drop and velocity across the spiral channel

[0025] Repeat steps 2 and 3 until the sand exiting the top of the Dynamic Solids Separator is
minimised and/or the amount of separated sand leaving the bottom is maximised

[0026] According to a fourteenth preferred aspect the mid and lower sections of the Dynamic
Solids Separator are straddled internally by a conical element that acts as a particle diffuser
and vortex stopper.

[0027] According to a fifteenth preferred aspect of this invention the distance between the
apex of the conical particle diffuser and the bottom of the cylindrical produced fluids exit pipe is
between 0.5 and 1.5 times the diameter of the exit pipe. Preferably it is 1.0 times the diameter
of the exit pipe.

[0028] According to a sixteenth preferred aspect of this invention the separated particles
collection pipe at the lower end of the Dynamic Solids Separator enters a solids collection
bucket though a hole in the top of the said bucket. The pipe and hole being loosely sealed to
prevent particle leaving the bucket but which is not pressure tight and allows relative
movement between the pipe and the solids collection bucket.

[0029] According to a seventeenth preferred aspect of this invention the solids collection
bucket is mounted on a weight load-cell that measures the downward force on the bucket.
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There is also provided a pressure sensor that measures the internal pressure in the Dynamic
Solids Separator.

[0030] According to an eighteenth preferred aspect of this invention the outputs from the
weight load-cell and the pressure sensor are connected to a controller which compensates the
weight load-cell measurements for variations in the internal pressure in order to provide an
accurate measurement of the weight of the solids particles collected in the solids collection
bucket. The controller is connected to a display/monitor that provides a continuous reading of
the weight of solids in the collection bucket.

[0031] According to a nineteenth preferred aspect of this invention there is provided a solids
particles flushing component that comprises a lower annular pipe that has an inner collection
pipe. The lower annular pipe is connected to the outside of the solids collection bucket and
through the wall of the Dynamic Solids Separator wall to a water supply. The inner collection
pipe is connected to the outside of the solids collection bucket through the wall of the Dynamic
Solids Separator to the Solids Buffer and Washing Plant. The pipes through the annulus
between the solids collection bucket and wall of the Dynamic Solids Separator allow relative
movement between the two.

[0032] According to a twentieth preferred aspect of this invention the weight of solids collected
in the solids collection bucket is used to trigger the flushing of the collected solids by pumping
water through the lower annular pipe, which fluidises the solids particles in the solids particle
collection bucket so that a mix of water and solids particles are pumped through the inner
solids collection pipe. Once the weight of solids particles in the solids particle collection bucket
is reduced the flushing pump is switch off. Such flushing events can be controlled automatically
or manually.

[0033] According to a twenty-first preferred aspect of this invention, the Solids Buffer and Wash
Plant comprises a low-pressure particle separator, an oil/water separator and a Sand Tank with
a flushing system.

[0034] According to a twenty-second preferred aspect the separated solids particles and water
mix exiting the Dynamic Solids Separator represent an input stream into the second particle
separator, which operates in the same manner as the Dynamic Solids Separator, where the
sand removed from the input is collected in the Sand Tank and the oil stripped off the sand
particles, while scratching cyclonic inner wall along with the water in the input stream, exit
through the top of the low-pressure particle separator.

[0035] According to a twenty-third preferred aspect of this invention the oil/water mix exiting
the low-pressure particle separator is an input stream to the oil/water separator. The oil
removed is thus drained from the system and the water can be re-circulated to the Sand Tank
flushing system.

[0036] According to a twenty-fourth preferred aspect of this invention the Sand Tank is
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instrumented with a load-cell and pressure sensor to obtain the weight of sand particles
collected in the tank is a similar manner as described in other aspects of this invention. It
should be noted that the Sand Tank is generally much larger (e.g.., 10 times) than the solids
collection bucket in the Dynamic Solids Separator.

[0037] According to a twenty-fifth preferred aspect of this invention the Sand Tank is equipped
with the same type of solids particles flushing system as is used in the solids collection bucket
in the Dynamic Solids Separator. In addition, the particle flushing system can be automatically
turn on or off by the weight sensor controller. Also, recycled water as described in other
aspects and/or freshwater can be used for the flushing system.

[0038] According to a twenty-sixth preferred aspect the cleaned sand particles and water
exiting the Solids Buffer and Wash Plant flushing system can either be pumped into the
platform well re-injection system or directly into the sea or can be injected back into the low-
pressure particle separator to be re-circulated and thus additionally cleaned by the Solids
Buffer and Wash Plant.

[0039] According to a twenty-seventh preferred aspect of this invention there is provided one
or more Production Sample Weight Bucket(s) that can take samples from the Solids Buffer and
Wash Plant flushing system and comprise; a sample bucket, a load-cell, a pressure sensor, a
controller and a sample bucket flushing system as described in other aspects of this invention.

[0040] According to a twenty-eighth preferred aspect of this invention there is provided a
method of solid particles separation and cleaning thereof that comprises several process
cycles;

1. 1) Production fluids are passed through a 15! Dynamic Solids Separator (DSS)

2. 2) When the particles collected in the solids collection bucket of the 15t DSS have reach
a certain amount, the production fluids are switched to flow through a 2" and parallel
DSS. At the same time, the particles collected in the 15t DSS are flushed into the Solids
Buffer and Wash Plant.

3. 3) When the particles collected in the solids collection bucket of the 2" DSS reach a
certain amount, production fluids are directed back to the 15t DSS and the solids
collected in the 2" DSS are flushed into the Solids Buffer and Wash Plant. Steps 1
through 3 are continuously repeated.

4. 4) While production is flowing through either the 15t or 2™ DSS; solids particles collected
are recycled through the Solids Buffer and Washing Plant until samples collected in a
Production Sample Bucket and analysed (using methods known to those skilled in the
art) indicate that they are sufficiently cleaned of oil to be disposed in an environmentally
safe manner. Once this is the case, solids in the Sand Tank may be flushed out of the
Solids Buffer and Washing Plant.
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[0041] In a twenty-ninth preferred aspect of this invention, real-time weights of solids particles
collected measured by the Dynamic Solids Separator and/or by the Solids Buffer and Washing
Plant and/or by a Production Sample Weight Bucket are recorded, stored and analysed to
provide information relating to the changes in reservoir production behaviour as a result of
continued extraction of oil and gas. As an example, increases in sand production can be a
precursor to the production of water and it may be beneficial to choke back the production rate
from a particular well (or zone) when this is detected in order to increase the overall production
from the reservoir. This can have a significant impact on the value of the reservoir.

[0042] Hereinafter, the present invention will now be described in more detail with reference to
the accompanying figures, in which exemplary embodiments of the invention are shown.

Figure 1 shows a schematic illustration of a solids particles separation and washing system
according to one embodiment of the present invention.

Figures 2, 3 and 4 show schematic illustrations of a dynamic solid separator in the system of
Figure 1.

Figure 5 shows a schematic illustration of an oil separator in the system of Figure 1.

Figure 6 shows a schematic illustration of a production sampling and weight bucket in the
system of Figure 1.

Figure 7 schematically illustrates the system of Figure 1 in a flushing circuit mode.
Figure 8 schematically illustrates the system of Figure 1 in a solids washing mode.

Figure 9 schematically illustrates the system of Figure 1 in flushing cleaned solids mode.

[0043] The invention may, however, be embodied in many different forms and should not be
construed as being limited to the embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the concept
of the invention to those skilled in the art.

[0044] Referring to figure 1 there is shown a schematic of a solids particles separation and
washing system. The key elements of the system are; the Dynamic Solid Separators, 100,
where two are shown 101, the Solids Buffer and Wash Plant, 200 and one Production Sample
Weight Bucket, 300. It should be noted that the system could have more than one Production
Sample Weight Bucket(s).

[0045] Figures 2, 3 and 4 show schematics of one of the Dynamic Solids Separators.

[0046] In figure 2 the main components of the separator are shown and can be conveniently
broken down into an upper, mid and lower section. The upper section with labels 1 through 6
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represent the dynamic cyclone part of the separator. The mid-section labelled 7 through 11
represents the particle diffusion and cleaned product outlet, 5.

[0047] Finally the lower section labelled 112 through 118 illustrates the solids collection and
flushing components.

[0048] In figure 3 in shown a more detailed illustration of the dynamic cyclone or upper section
of a separator. The flow from an oil or gas well enters the separator through the inlet labelled
1. This inlet is generally circular and the start of a spiralled channel section that accelerates the
flow velocity as the cross-sectional area of the channel is reducing along its length. A
perspective view of the channel is shown in figure 4. In this embodiment, the channel inlet has
a circular cross-section and the channel exit is rectangular. The area of the rectangular exit is
-25% less than the area of the circular inlet giving rise to a flow velocity acceleration. In
addition to accelerating the fluid through the channel, it is also designed to impart a rotational
or circular motion to the fluid flow as it exits the spiral channel. This is achieved by arranging
that the inlet 1 is at one azimuth and the channel exit 16, shown on figure 3b, is on a different
azimuth with the rotation from inlet 1 to exit 16 being between 235 to 270 degrees. This can
also be seen in figure 4. In addition to the change in azimuth, it will also be appreciated from
figure 3b and 3c that the inlet 1 is on a larger diameter, labelled 12, than the exit 16, which is at
the lower diameter, labelled 13. This arrangement provides additional flow acceleration and
rotation. It will be appreciated by those skilled in the art that the reduction in channel cross-
section area and the change from a circular inlet to a rectangular outlet, can take many
different forms. With the primary objectives to accelerate and rotate the flow entering the
dynamic cyclone section.

[0049] In figures 3a, 3b and 3c there is shown a flow restrictor component labelled 3. This
component can be used to reduce the spiral channel exit cross-section area even further.
There is provided a controlling mechanism 4 for this purpose. The component 4 can be spring
loaded so that the exit area adjusts automatically in response to the pressure drop across the
spiral channel. For example, as the flow velocity in the channel reduces due to, for example,
lower production rates from the well, the pressure drop in the channel reduces and the spring-
loaded restrictor closes a bit in order to reduce the channel exit area, increase the pressure
drop at the channel exit and thus increase (or maintain) the velocity of the fluids exiting the
channel. This is illustrated in figure 3c where reduction in pressure drop across the channel
causes a change in spring force, 17, resulting in the restrictor reducing the channel exit cross-
sectional area. The spring coefficient can be predetermined to provide a response over a
defined range of pressure drops. This component creates a dynamic velocity regulating
function that leads to significant improvements over solutions in the prior art. In other
embodiments, the regulator 4 can be an adjustment screw that can be accessed from outside
the unit and which can be manually rotated to increase or decrease the exit cross-sectional
area. In other embodiments, 4 can be adjusted using electric or hydraulic actuation systems
(not shown) that are linked to measurements that provide the pressure drop across the spiral
channel or the flow exit velocity. As the pressure drop increases or decreases the flow
restrictor 3 is automatically opened or closed to regulate the pressure drop and thus the exit
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flow velocity from the spiral channel. Those skilled in the art will be familiar with measurements
and actuator systems commonly used for this type of regulator.

[0050] Fluids exiting the spiral channel enter the top section of the particles separator at exit
16. The fluid is rotating rapidly and as a result particles in the fluid are thrown outwards by the
centrifugal forces on the particles and become separated from the fluid flow. This is a function
of particle size and large particles will experience larger forces than smaller one. The
phenomenon is well understood and wused in commercial Hydrocyclones, see
http://www.energy.siemens.com/hg/en/industries-utilities/oilgas/portfolio/water-
solutions/hydrocyclones.htm.However, the dynamic velocity adjustment mechanism is
designed to ensure correct pressure drop and flow velocity so even very fine particles are
separated. A vortex is created in the unit with fluids rotating in the section 11 flowing
downwards into the unit where it is disrupted by the particle diffuser, 7. As the fluids continue to
rotate in the mid-section, further solids particles separation takes place and the cleaned fluids
exit the unit through the pipe 5. The separated particles drop out of the flow as their velocity is
reduced while rotating close to inside wall, 13, of top section and the inside wall of the section
11. These particles drop and are dragged into the area between the particle diffuser, 7, and the
lower section of the separator labelled 8. The diameter of the diffuser at its bottom is great that
the internal diameter of 11. This ensures that the vortex is arrested and does not extend down
into the area below the particle diffuser where it could pick up separated particles and drag
them back up to the exit-pipe 5. The wall of 8 is expanding outwards so that the diameter of
the chamber increases as the chamber progresses downwards as shown in figure 3a.
However, the bottom of the chamber, 10, has an inverted conical shape so that the falling
particles are collected and fall out of the unit through the pipe labelled 9. In this embodiment
the cleaned fluid exit-pipe 5 has a diameters that is % that of section labelled 11. Also, the tip of
the particle diffuser, 7, is 1 diameter of the exit-pipe 5, below the bottom of the exit-pipe. While
these dimension are found to provide favourable results other configurations with differing
dimensions are possible.

[0051] As described in this disclosure, there is provided a spiral flow channel equipped with a
flow restrictor that can regulate the velocity of the fluid exiting the spiral channel in order to
optimise the solids particles separation in the unit. This flow restrictor can be controlled through
manual intervention or by use of an automatic monitoring system. A method is here disclosed
whereby the ratio of the mass of solids particles exiting with the cleaned fluid through exit-pipe
5, and the mass of solids particles exiting through the collection pipe, 9 is used to adjust the
flow restrictor so that this ratio is minimised. The process steps are;

1. 1) Ramp the flow from the producing well into the separator unit to its operating level.

2.2) After a period of stable flow, a determination of the solids particles exit ratio as
defined above is made. The mass of particles exiting 5 and 9 can be obtained using
Production Sample Weight Buckets as described in this invention or they could be
estimated using specific particle sensors, e.g., see www.clampon.no.

3. 3) If it is assessed that the solids particles exit through the cleaned fluid outlet 5, is too
high then the flow restrictor is adjusted to increase the fluid exit velocity from the spiral



DK/EP 3218115 T3

channel. This can be done manually or it could be automated as described in this
invention.

4. 4) Repeat steps 2 and 3 until the solids particles exiting 5 has been minimised and most
are leaving through the collection pipe 9.

[0052] Once the particles have been collected and exit the dynamic cyclone through collection
pipe 9, they fall into the solids collection bucket labelled 118 in figure 2. The collection pipe 9
enters the collection bucket through a hole in the top of bucket 118, which is sealed to prevent
particles exiting between collection pipe 9 and collection bucket 118 but allows some
differential movement between the collection bucket 118 and the collection pipe 9. For
example, an elastomer grommet could be used. During operation of the solids separator, 100,
the solids collection bucket 118 will continue to fill with particles. The collection bucket, 118, is
placed on a load-cell, 19, which measure the downward force on the bucket. Changes in this
force is the result of two components; the changing weight of solids in the bucket and
variations in the internal pressure in the unit. In order to correct for the variations in pressure a
separate pressure sensor, 20, is provided. The outputs from both the load-cell 19 and the
pressure sensor 20 are fed into a controller 116. This computes the weight of the solids
particles separated by the system and collected in the solids collection bucket. There is also
provided a real-time display connected to the controller showing the weight of solids particles
collected in the bucket. It should be noted that the controller can also be connected to other
computers or recording devices (not shown) to allow for real-time analysis and storage of the
data and analysis. In particular, the controller can also be connected to pumps used in the
flushing system that are triggered when the weight of collected solids particles reaches some
threshold. When is occurs, the flow from the well is switch to flow through the second Dynamic
Solids Separator and flushing of the collected solids particles in the collection bucket can take
place.

[0053] The flushing system comprises a water inlet 114, an annular fluidiser 117 and a
water/solids outlet 113. The inlet 114, and outlet 113 are connected through annular gap
between the wall of the Dynamic Solids Separator and the solids collection bucket using a
section of pipe 112. These sections of pipe have 'O’ rings at each end and are slightly rounded
at each end so that they allow relative movement between the sample collection bucket 118,
and the solids separator body. This provides that the sample collection bucket 118 is coupled
to a solids removal pipe 113 by a first flexible connector, such as an O-ring and to a liquid
flushing pipe 114 by a second flexible connector, such as an O-ring. That is the bucket can
move slightly as the weight of collected solids particles varies, as more solids are collected and
as solids particles are flushed from the unit. Water injected into inlet 114 enters the annular
fluidisation component. This component comprises downward jets that fluidises the solids
particles and forces the resulting mixture of water and solids particles up through the central
collection pipe 113 as the pressure in the bucket increases. Generally a mixture of 50/50 water
and solids particles is flushed from the solids collection bucket. As collected solids particles are
flushed from the collection bucket, the weight of solids as provided by the controller decreases.
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Once most of the collected particles have been flushed from the unit, the flushing pumps are
switched off and fluid from the well can be directed into the dynamic cyclone once more. The
solids particles flushed from the Dynamic Solids Separator represent the input flow to the
Solids Buffer and Washing Plant as shown in figure 1 and by appropriate arrangement of the
valves labelled 103. It should be noted that all of the valves shown through this invention can
be operated manually or can be operated through an appropriate control system that will be
appreciated by those skilled in the art and which is not shown.

[0054] The operation of the Solids Buffer and Washing Plant will now be described with
reference to figure 5. As is shown in figure 5, the plant has a solids particles separator unit and
collection system, 201, which comprise the same components as the Dynamic Solids
Separator as previous details in this invention. The key difference is that this unit functions at a
low-pressure while the Dynamic Solids Separators operate at the higher well production
pressure. Also, the Sand Tank 117 in the wash plant is significantly larger than the solids
collection bucket 118 in the solids separators. Generally it is -10 times larger so that many
cycles of flushing from the Dynamic Solids Separators can be buffered and treated at any one
time. However, the operation of the component 201 is that same as the Dynamic Solids
Separators already described, including its flushing fluidization component and solids buffer
collector bucket weight measurement elements, that is, components; 19, 20, 115 and 116, that
function in the same way.

[0055] In figure 5 there is shown an oil separator, 202, that can be a cyclone or
filter/absorption type or any other method that is known to those skilled in the art. In figure 5 it
is shown as a cyclone, which is the preferred embodiment. There is also a water circulation
pump, 213, provided along with numerous valves that can be configured to achieve a desired
flow circuit and these will be described using figure 7 to figure 9. It will be noted that the
circulation pump 213 is place downstream of the solids separation and cleaning components,
which reduces the wear on this pump because it has clean fluids passing through it. In each of
these figures, the flow-paths are shown with arrows on the pipelines. It should be noted that
the component label numbers in these figures are the same as those used in figures 2 and 5.

[0056] In Figure 6 is shown a Production Sampling and Weight Bucket (PSVVB) installed to
allow solids samples to be taken from the production flow 303. Production is flowing from a
number of wells, in Figure 6, three wells are shown but this can be any number depending on
the oil and gas field configuration. Each well has valves labelled 302 and 304 that can be
operated manually or automatically controlled by a computerised process system, not shown,
to either direct flow directly to the production flow stream 303 or through the Dynamic Solids
Separators and Solids Buffer and Wash Plant. The Production Sample Weight Bucket is 'T' off
the production flow manifold where the valve 301 controls flow into the Production Sample
Weight Bucket. The PSWB can be arrange to collect samples continuously or periodically are
required. Its operation is exactly as described above for the solids collection bucket 118, shown
in figure 2 and the collection of solids in the sand tank 117, shown in figure 5. Once the sample
bucket is full as determined by the controller 116 and as described in other embodiments of
this invention, valve 301 is closed and the bucket is flushed into the Solids Buffer and Wash
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Plant as described elsewhere. During sample collecting the rate at which sand is collected in
the PSWB is recorded by the controller 116 and is used to provide an indication that the sand
content of the production flow is increasing. If excessive sand production is occurring it is
possible selectively to shut each well one at a time (or in groups) in order to identify which well
(or group of wells) is producing more sand. The production from this well (or group of wells)
can then be selectively routed through the Dynamic Solids Separator, that is, through the inlet
labelled 1 in Figure 2 and then through the Solids Buffer and Wash plant as described
elsewhere. The manifolds and piping required to make this happen are shown schematically in
figure 6 but will depend on the platform configuration. The system shown in Figure 6 allows the
automation of the solids separation unit and the solids buffer and wash plant providing a more
efficient production platform. The system in figure 6 could equally be operated manually using
readings recorded and shown in real-time on the display 115.

[0057] Figure 7 illustrates the flushing circuit where solids separated in the solids separated
collection bucket 118 are removed from the Dynamic Solids Separator to the Solids Buffer and
Wash Plant 200. In figure 7 the particular solids separator that is being flushed is no longer
receiving fluids from a well, as described previously, and fresh water is pumped from the inlet
203 using pump 213 into the fluidiser in the sample separator 100, through the inlet 114. Solids
and water leaving the solids collection bucket through exit 113 are circulated into the Solids
Buffer and Wash Plant 200 as shown in figure 7. As the solids flow through the solids particle
separator 201 and are cleaned through the centrifugal process (as described in other
embodiments of this invention), oil and water collected will exit from 204 in figures 5, 7, 8 and
9. The cleaned solids will drop into the sand tank in the solids buffer and wash plant 201. The
oil/water mix exits through 204 and enters the oil separator 202. The separated oil from this
component exits into the 'dirty collection tank' (not shown) through 215. From there it will be
disposed of by the usual environmentally acceptable manner or may enter the produced oil
stream from the well. The separated water from 202 exits to be circulated using pump 213
back to the inlet 114 on the sample separator fluidisation flushing system and exits with solids
through outlet 113. This circulation continues until the Dynamic Solids Separator solids
collection bucket has been emptied. Once this has occurred, the Dynamic Solids Separator can
be put back on-line to accept fluids from the well and the Solids Buffer and Wash Plant
switches into a solids washing mode as shown in figure 8.

[0058] In figure 8 the appropriate valves are opened/closed in order to continually circulate the
collected solids from the dynamic solids separator, 100, through the solids buffer and wash
plant. It will be appreciated by those skilled in the art, that the valves and pumps used through
the system can be operated manually or can controlled using an automated system (not
shown). During this process fresh water and/or washing chemicals enter the circuit when
required through 203. The solids and water/chemicals continually circulate through the system
as shown in figure 8. On each cycle through the system, the solids are cleaned to a greater
extent until such point that they carry minimal amounts of oil and are judge to be sufficiently
clean to be disposed of by pumping them into the sea. This occurs using the circuit defined in
figure 9. In order to analyse the cleanliness of the solids particles, sample can be collected at
any time using the Production Sample Weight Bucket as shown in figure 1, 300, and detailed in
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figure 6. It would also be possible to use a multiphase flow meter to measure the oil/water
ration of the flow leaving 204 and when the oil content is below a certain amount then further
cleaning is not necessary. In addition, the MPFM can be utilised on any flow line within the
system to determine the rates of any of the different phase (QOil, Gas, Water and Solids) within
the flow and to further use this information to control the different steps in the process, e.g.,
adjust the inlet flow velocity to optimise the process.

[0059] Figure 9 shows the flow circuit to flush the cleaned solids from the sand tank in the
Solids Buffer and Washing Plant. In this case, fresh or seawater enters through 203 and is
pumped through the fluidisation flushing system in 201 using pump 213. The water and
cleaned solids particles mix exits the flushing system and is pumped into the sea through 206
or into a cleaned solids collection tank (not shown) as shown in figure 9. Flushing continues
until most of the cleaned solids particles have been removed from the sand tank as indicated
by the solids weight system; 19, 20, 115 and 116, as shown in figure 5. Once this is complete,
the flow circuit on the Solids Buffer and Washing Plant can be change to another mode, for
example, to flush more separated particles from a Dynamic Solids Separator solids collection
bucket into the solids.

[0060] Using the apparatus described in this invention, fluids flowing from an oil well or group
of oil wells, can have the solids removed. In addition, the solids separated can be cleaned of oil
to a degree that allows for cost effective disposal of such particles. It also allow the oil remove
for the said solids particles to be collected for potential feeding into the production stream thus
extract as much usual production as possible. Such a system provides significant advantages
over present day practice and the prior art.
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Patentkrav

1. Indretning til at separere faste partikler fra et carbonhydrid-indeholdende
fluid produceret af et olie- og/eller gasproduktionsanleeg, hvilken indretning
omfatter en opstrems partikelsepareringsenhed (100, 101) til separering af fa-
ste partikler og fluid i et hvirvelkammer (11), hvilken opstrems partikelsepare-
ringsenhed omfatter en indgangsledning til en fluid- og partikelblanding til et
hvirvelkammer (11), en farste opsamlingsindretning (118) til faste partikler un-
der hvirvelkammeret og en fluidledning (113) til at fere fluid veek fra hvirvel-
kammeret og en nedstr@ams partikelsepareringsenhed (200, 201), omfattende
en farste ledning (114) til at fere et fluidiserende fluid ind i en nedre del af den
farste opsamlingsindretning, en anden ledning (113) til at modtage en fluidise-
ret streamning af faste partikler i det fluidiserende fluid fra den nedre del af den
farste opsamlingsindretning, en partikelseparator (201) til at modtage den flu-
idiserede streamning og separere faste partikler fra fluidet og en anden opsam-
lingsindretning (117) til at modtage de faste partikler fra partikelseparatoren,
hvor den opstrems partikelsepareringsenhed (100, 101) er indrettet til at se-
parere en fluid- og partikelblanding ved et hgjere tryk end et tryk af den fluidi-
serede stremning separeret af den nedstreams partikelsepareringsenhed (200,
201).

2. Indretning ifglge krav 1, yderligere omfattende en fluidrenser (202) forbun-
det til partikelseparatoren (201) til at rense fluid, der er separeret af partikelse-
paratoren, eventuelt hvor (i) fluidrenseren omfatter mindst en eller et af en cen-
trifugal separator, et filter, en absorber eller en hvilkken som helst kombination
deraf til at separere olie og et vandigt fluid, og/eller (ii) indretningen yderligere
omfatter en tilbagelabsledning til selektivt at forbinde et vandudlgb af fluidren-
seren til den ferste opsamlingsindretning (118) eller den anden opsamlings-
indretning, hvor tilbagelabsledningen eventuelt er udformet til at tilvejebringe
det fluidiserende fluid i den ferste opsamlingsindretning.

3. Indretning ifalge krav 2, hvor tilbagelgbsledningen er udformet til at tilveje-
bringe et vaskefluid til den anden opsamlingsindretning for at vaske de faste
stoffer i den anden opsamlingsindretning i et recirkuleringstrin, idet vandet far
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faste stoffer i den anden opsamlingsindretning til at stramme tilbage til parti-
kelseparatoren, og/eller tilbagelabsledningen er udformet til at tilvejebringe et
skyllefluid til den anden opsamlingsindretning for at skylle de faste stoffer ud
af den anden opsamlingsindretning i et trin med bortskaffelse af faste stoffer,
idet vandet far faste stoffer til at stremme ind i den anden opsamlingsindretning
til et bortskaffelsessted fjerntliggende fra partikelseparatoren.

4. Indretning ifalge et af kravene 1 til 3, hvor indretningen omfatter en flerhed
af opstrems partikelsepareringsenheder (100, 101), og den nedstrems parti-
kelsepareringsenhed (200, 201) er forbundet til flerheden af opstrems partikel-
separeringsenheder og er indrettet til at modtage faste partikler fra de respek-
tive farste opsamlingsindretninger samtidigt eller sekventielt.

5. Indretning ifalge et af kravene 1 til 4, hvor indgangsledningen (1) omfatter
en spiralkanal med et indlgb (1) og et udlab (16), idet et tveersnitsomrade af
indlabet er sterre end et tveersnitsomrade af udlabet, idet hvirvelkammeret er
anbragt under kanalen til at modtage en spiralstramning fra kanalen, eventuelt
(1) hvor spiralkanalen har en akse, og indl@bet er lsengere veek fra aksen end
udlgbet, og/eller (ii) hvor spiralkanalen er indrettet til at eendre en form af tveer-
snitsomradet af det fluid, der forlader udlgbet sammenlignet med en form af
tveersnitsomradet af det fluid, der kommer ind i indlabet, yderligere eventuelt
hvor indlgbet har et i det veesentlige afrundet tveersnit, og udlabet har et i det
vaesentlige polygonalt tveersnit, endnu yderligere eventuelt hvor indlgbet har
et cirkuleert tveersnit, og udlgbet har et rektanguleert tveersnit.

6. Indretning ifalge krav 5, hvor (i) udlabet har et tvaersnitsomrade mellem 10
og 40 %, eventuelt mellem 20 og 30 %, yderligere eventuelt omkring 25 %
mindre end tveersnitsomradet af indlabet; og/eller (ii) spiralkanalen straekker
sig over en rotationsvinkel pa mellem 200 og 300 grader, eventuelt mellem
235 og 270 grader; og/eller (iii) spiralkanalen er indrettet til at medfare en spi-
ralstramning i det fluid, der forlader udlgbet; og/eller (iv) spiralkanalen er ind-
rettet til at @ge hastigheden af det fluid, der forlader udlabet sammenlignet med
en hastighed for det fluid, der kommer ind i indlabet.
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7. Indretning ifelge et af kravene 1 til 6, yderligere omfattende en stremnings-
restriktor (3) anbragt ved udlgbet (16) til at styre en udlabshastighed for fluidet,
eventuelt (i) hvor stremningsrestriktoren er forspaendt for at tilvejebringe sty-
ring med fluidets udlgbshastighed og/eller for at styre et fluidtryk ved udlgbet
afheengigt af fluidtrykket, der virker pa stremningsrestriktoren, yderligere even-
tuelt hvor forspeendingen af stremningsrestriktoren er indrettet til automatisk
at styre udlgbshastigheden af fluidet inden for et @nsket interval, og/eller (ii)
indretningen yderligere omfatter en aktuator (4) til at styre positionen af strem-
ningsrestriktoren for dermed at styre udlgbshastigheden af fluidet inden for et
onsket interval.

8. Indretning ifelge et af kravene 1 til 7, hvor fluidledningen streekker sig opad
ud af hvirvelkammeret, eventuelt hvor fluidledningen har en bredde, der ligger
mellem 10 og 40 %, yderligere eventuelt mellem 20 og 30 %, endnu yderligere
eventuelt pa omkring 25 % af en bredde af hvirvelkammeret.

9. Indretning ifelge et af kravene 1 til 8 yderligere omfattende et konisk element
(7) ved en nedre ende af hvirvelkammeret, idet det koniske element har en
@vre spids, en nedre kant og en konisk flade, der progressivt @ges i radius i en
retning, der straekker sig fra spidsen til den nedre kant, idet den nedre kant er
modtaget i et diffuserrer (9, 10), der streekker sig nedad fra hvirvelkammeret
mod den farste opsamlingsindretning, eventuelt (i) hvor den nedre kant har en
sterre diameter end en bredde af hvirvelkammeret, og i neerheden af den
nedre kant har diffuserreret en sterre bredde end diameteren pa den nedre
kant for at tilvejebringe en ringformet streamningsbane for faste partikler nedad
forbi det koniske element fra hvirvelkammeret mod den farste opsamlingsind-
retning, og/eller (ii) hvor en afstand mellem den @vre spids og en nedre ende
af fluidledningen ligger mellem 0,5 og 1,5 gang, eventuelt omkring 1 gang, en
bredde af fluidledningen, og/eller (iii) hvor den ferste opsamlingsindretning er
en spand (118), og et rarelement (9) streekker sig fra diffuserraret til spanden
gennem et hul ved en top af spanden.
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10. Indretning ifalge et af kravene 1 til 9 yderligere omfattende en veegtindret-
ning (19) til at veje en maengde af faste partikler opsamlet i den f@rste opsam-
lingsindretning, eventuelt (i) omfatter indretningen yderligere en tryksensor
(20) til at male det indvendige fluidtryk i neerheden af den farste opsamlings-
indretning, og en styreenhed (116) til at kompensere for vaegten malt med
veegtindretningen baseret pa variationer i det indvendige fluidtryk malt med
tryksensoren, og/eller (ii) hvor den farste opsamlingsindretning understattes af
eller kan ga selektivt i indgreb med veegtindretningen for saledes at fa i det
vaesentlige ubegraenset vertikal bevaegelse, nar den understottes af eller er i
indgreb med veaegtindretningen, yderligere eventuelt hvor den farste opsam-
lingsindretning er koblet til et faststoffjernelsesrer (113) ved hjeelp af en farste
fleksibel konnektor, endnu yderligere eventuelt hvor den farste opsamlingsind-
retning er koblet til et veeskeskyllerar (114) ved hjeelp af en anden fleksibel
konnektor.

11. Olie- eller gasproduktionsanleeg, der inkorporerer indretningen ifglge et af
de foregaende krav.

12. Fremgangsmade til at separere faststofpartikler fra et carbonhydrid-inde-
holdende fluid produceret af et olie- og/eller gasproduktionsanlaeg, hvilken
fremgangsmade omfatter trinnene med: (i) i en opstrems partikelseparerings-
enhed (100, 101) at separere faste partikler og fluid i et hvirvelkammer (11),
idet den opstrems partikelsepareringsenhed modtager et input af en fluid- og
partikelblanding i hvirvelkammeret; (ii) i en farste opsamlingsindretning (118)
at opsamle faste partikler under hvirvelkammeret; (iii) at fere fluid veek fra hvir-
velkammeret: (iv) at fere et fluidiserende fluid ind i en nedre del af den ferste
opsamlingsindretning; (v) at danne en fluidiseret streamning af faste partikler i
det fluidiserende fluid i den nedre del af den ferste opsamlingsindretning og at
fere den fluidiserede stremning til en nedstrems partikelsepareringsenhed
(200, 201); (vi) at separere faste partikler fra det fluidiserende fluid i den ned-
strems partikelsepareringsenhed og (vii) at modtage de faste partikler fra den
nedstrems separeringsenhed i en anden opsamlingsindretning (117), hvor den
opstrems separeringsenhed er indrettet til at separere en fluid- og partikelblan-
ding ved et hgjere tryk end et tryk af den fluidiserede stremning separeret med
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den nedstr@ams partikelsepareringsenhed.

13. Fremgangsmade ifalge krav 12 yderligere omfattende trinnet med at rense
det separerede fluid fra den nedstrems partikelsepareringsenhed ved at sepa-
rere, eventuelt centrifugalt separere, olie og et vandigt fluid eller vand, hvilken
fremgangsmade eventuelt yderligere omfatter at sende vandigt fluid eller vand
fra rensetrinnet tilbage til den farste opsamlingsindretning eller den anden op-
samlingsindretning, endnu yderligere eventuelt (i) hvor vandigt fluid eller vand
sendes tilbage fra rensetrinnet til den ferste opsamlingsindretning for at tilve-
jebringe det fluidiserende fluid, og/eller (ii) hvor vandigt fluid eller vand sendes
tilbage fra rensetrinnet til den anden opsamlingsindretning for at vaske de faste
stoffer i den anden opsamlingsindretning i et recirkuleringstrin, idet det vandige
fluid eller vandet far faste stoffer i den anden opsamlingsindretning til at
streamme tilbage til den nedstrems partikelsepareringsenhed, og/eller (iii) hvor
vandigt fluid eller vand sendes tilbage fra rensetrinnet til den anden opsam-
lingsindretning for at skylle de faste stoffer ud af den anden opsamlingsindret-
ning i et faststoffjernelsestrin, idet det vandige fluid eller vandet far de faste
stoffer i den anden opsamlingsindretning til at stramme til et bortskaffelsessted
flerntliggende fra den nedstrems partikelsepareringsenhed.

14. Fremgangsmade ifelge krav 12 eller krav 13 yderligere omfattende konti-
nuerligt eller med mellemrum at veje en meaengde faste partikler opsamlet i den
forste opsamlingsindretning, hvilken fremgangsmade eventuelt (i) yderligere
omfatter at male indvendigt fluidtryk i neerheden af den ferste opsamlingsind-
retning og at kompensere veegten malt med vaegtindretningen baseret pa va-
riationer i det malte indvendige fluidtryk og/eller (ii) yderligere omfatter, ud fra
den vejede meaengde af faste partikler, at bestemme en variation af indholdet
af faste partiler i det carbonhydrid-indeholdende fluid i forhold til tid og/eller i
forhold til forskellige produktionsbrande.

15. Fremgangsmade ifelge et af kravene 12 til 14, hvor olie- og/eller gaspro-
duktionsanleegget omfatter en flerhed af produktionsbrgnde koblet til en ud-
lebsmanifold til afgivelse af det carbonhydrid-indeholdende output fra produk-
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tionsbrendene til et nedstrems behandlingsanleeg, og hver af produktionsbran-
dene selektivt kan forbindes ved hjeelp af en respektiv ventilmekanisme (302)
enten til et input til den opstrems partikelsepareringsenhed eller til udlebsma-
nifolden, eventuelt hvor den respektive ventiimekanisme styres til at lede det
carbonhydrid-indeholdende output af mindst en af produktionsbrgndene til in-
puttet for den opstrems partikelsepareringsenhed enten periodisk, eller nar fa-
ste partikler over en bestemt meengdegreense detekteres i det respektive car-
bonhydrid-indeholdende output fra den mindst ene produktionsbrand.
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