
WO 2007/144631 PCT/GB2007/002220  1 PROCESSING
ASSEMBLY FOR SEPARATING SOLID DEBRIS FROM FLUIDS  FROM
A SUBTERRANEAN WELL The present invention is related
to a separator and a method of separation. The
separator and method find particular use in the
separation of multi-phase mixtures, 5 especially those
containing gases, liquids and solids. The present
invention is  particularly suitable for, but not
limited to, application in the separation of the
products of oil and gas wells on land, on a platform,
or especially in subsea locations. The conventional
approach to for the development of subsea hydrocarbon
10 producing fields is to establish a plurality of
subsea wells connected through a subsea
infrastructure, pipelines and risers to a surface
processing facility. As a result, solids  in the well
flow are currently carried in the fluid to the surface
processing facility. The surface processing facility
may be a floating production vessel or a platform. The
surface processing facility has typically included
separation equipment, to separate 15 sand, gas and
water from the oil produced from the wells. Gas and
water recovered in  this way are frequently reinjected
at the seabed into the wells. This necessarily entails
pumping the gas and water back down a series of
pipelines and risers to the seabed. A new approach to
this problem has been to dispense with much of the 20
processing facilities at the surface and to locate the
relevant installations on the seabed  at a location
adjacent to or convenient to the production wells. The
object is to  remove the extensive infrastructure
needed to bring all the produced streams to the
surface and to return significant portions to the
seabed for reinjection. While such an  arrangement
indeed reduces the capital expenditure and operating
costs of the 25 installations, it is accompanied by
significant problems. With processing equipment, such
as water, gas and solid separators, situated  on
surface vessels or platforms, the servicing and
maintenance of the components is  relatively
straightforward, with access to the equipment being
readily available. 30 However, this is not the
situation with subsea installations, in particular
those beyond  



safe diver depth. Rather, access to the equipment
located on the seabed can be by WO 2007/144631
PCT/GB2007/002220  2 either robotic and remotely
controlled equipment or by retrieving equipment to the
surface for repair and/or servicing. Therefore,
intervention is very limited, with the  ability to
access the equipment decreasing as the depth of the
installation below the  surface increases. It will
thus be appreciated that the failure of equipment
located on  5 the seabed represents a major
operational problem and a high intervention
expenditure. Consequently, the frequency of component
failure must be minimised,  in particular if the
option of a subsea installation is to be economically
viable. A particular problem arises as a result of
solids produced from subsea wells. It  10 is
frequently the case that subsea wells produce a
significant quantity of solid  formation material,
together with the various fluid phases. The solid
formation  materials include coarse, medium and fine
solid particles, such as grit and sand,  together with
very fine particles, such as scale or silt. In some
cases, the solids  produced may include stones, gravel
and small rocks, depending upon the operation 15 being
performed downhole and the nature of the subterranean
formation. Entrained  solids leaving the wellhead are
responsible for a high rate of equipment erosion and
destruction. It is known to provide surface
installations with equipment for removing  produced
solids. Typically, the equipment employed is one or
more settling vessels.  The nature of solids settling
necessarily requires that such vessels are very large
in 20 size. It would be advantageous if an effective
means of separating produced solids  from the fluid
phase could be found that did not rely on such large
equipment.  Separation installations are installed
downstream of the wellhead and operate at pressures
significantly below the pressure of the fluid produced
at the wellhead.  25 This necessitates employing one
or more chokes immediately downstream of the
wellhead, in order to reduce the fluid pressure to the
operating pressure of the settling  equipment.
However, choke components are particularly prone to
damage from  entrained solids. Further, the failure of
the wellhead choke represents a major  



operational problem, in particular if the choke must
be replaced, an operation that 30 requires the
separation system to be shut down until the repair or
replacement can be  carried out, resulting in lost
production. WO 2007/144631 PCT/GB2007/002220  3
Accordingly, there is a need for an effective system
and method for separating  entrained solids from
fluids produced from the well upstream of the wellhead
choke,  that is at wellhead pressures. 5 It is known
to provide surface installations with desanders. The
known  desanders comprise a single cyclone insert
housed inside a vessel. The desanders of  this kind
may be employed either upstream or downstream of the
wellhead choke and  can thus operate at wellhead
pressures. While this arrangement represents an 10
improvement over the arrangements discussed above, a
number of significant  problems remain. First, the
known desanders rely upon conventional cyclone
technology. The separation efficiency of conventional
cyclone separators is at best  only moderate, as
discussed in more detail below. In particular,
conventional cyclone  separators generally have a
narrow range of operating fluid flowrates. While 15
acceptable in many applications, this represents a
major restriction in their suitability  for use in
subsea installations. It is desirable for a subsea
installation to have a wide  operational range to
handle the daily changes in operating conditions, and
also be  capable of meeting the well's production
profile over an operating lifetime of from 5  to 10
years. During this time, the. composition and flowrate
of the fluid produced 20 from a given subsea well will
vary, sometimes greatly. In is unacceptable to install
in  such a situation a system that has a narrow window
of operation. Accordingly, there  is a need for a
system that can operate for an extended period of time
over a wide  range of fluid flowrates and
compositions. 25 Second, the known wellhead separators
are designed for the separation of  sand, as suggested
by their name. However, it is frequently the case that
a well will  



produce a wide range of solid material, much of which
is significantly larger in size  than sand. A
desander, by design, is optimised to separate sand
from the produced  fluids. However, due to the
limitations of conventional cyclone separation 30
techniques, this system will be inefficient in the
separation of larger sized or coarser  solids,
allowing the larger solid particles to pass the
separator and enter the WO 2007/144631
PCT/GB2007/002220  4 downstream equipment, with the
results discussed above. Accordingly, there is a  need
for a separation system that can handle a wide range
of solid particle sizes and  maintain a high
efficiency of separation. 5 Finally, as soon as fluid
is produced from a well, the various phases, including
liquid phases and gas, begin to separate. This natural
separation of the various phases  in the produced
fluid stream is advantageous and assists the
downstream separation  operations. It would be most
desirable if a system could be provided that
efficiently  separates a wide range of solid particles
over a wide range of operating pressures and 10
flowrates, but without subjecting the fluid to a high
rate of shear causing the already  separated phases to
mix and emulsify. US 2004/02 1 705 0 discloses a
solids separation system for well flowback for  use in
a subsea wellhead installation. The system uses a
hydrocyclone to 15 intermittently separate the heavy
phase containing solids from production fluid. The
lighter phases are transported to the surface for
separation using conventional  techniques. The heavy
phase collects in the bottom of the hydrocyclone, from
where  it is periodically removed through a standard
choke assembly, to reduce its pressure.  The system of
US 2004/0217050 does not fully address and resolve the
20 aforementioned issues. Accordingly, there is a need
for an improved separation  system, suitable for use
in a subsea environment, that addresses the
aforementioned  problems. According to a first aspect
of the present invention, there is provided a method
25 for separating solids from a multiphase fluid, the
fluid comprising a relatively high  



density component and a relatively low density
component, the method comprising: introducing the
fluid into a separation region; imparting a rotational
movement into the multiphase fluid; forming an outer
annular region of rotating fluid of predetermined
thickness  30 within the separation region; and
forming and maintaining a core of fluid in an inner
region; wherein WO 2007/144631 PCT/GB2007/002220  5
fluid entering the separation vessel is directed into
the outer annular region;  and the thickness of the
outer annular region is such that the high density
component and solids are concentrated and
substantially contained within this region,  5 the low
density component being concentrated in the rotating
core. References herein to a `multiphase fluid' are to
include liquid/liquid mixtures,  liquid/gas mixtures.
In addition, the term includes mixtures of components
that 10 comprise solid materials, provided that the
bulk of the mixture is one or more fluid  phases. An
example of such a multiphase fluid is a slurry or
suspension of solid  particles and solid material in a
liquid and/or gas stream. References herein to
`downstream' are to a direction extending from the
inlet  15 of the multiphase fluid to an outlet through
which a solids-rich stream is removed and  recovered.
In a conventional cyclone separator, a multiphase
fluid is directed into a  vessel, where a general
circulating or rotating flow pattern is induced.
Heavier phases  20 or components, that is those with
relatively higher densities, are concentrated in the
outer regions of the rotating mass, while the lower
density components tend to  concentrate in. the inner
circulating regions. The fluid entering the vessel
from the  inlet forms a rotating high pressure band
from where it may split and follow one of  three
possible paths, as the incoming fluid meets the fluid
already circulating within 25 the vessel. In
particular, fluid may leave the main flowpath and pass
towards an inner  



rotational region. Alternatively, fluid may leave the
main flowpath and rise upwards,  becoming partially
trapped. Finally, fluid may leave the main flowpath
and move  downwards, relative to the major fluid flow.
While the general trend within a cyclone  is for
heavier fluid and material to concentrate in the outer
regions of the vessel and 30 for the lighter fluid and
components to collect in the central region, the
tendency of  the fluid to split into various paths
causes cross-contamination of the already separate WO
2007/144631 PCT/GB2007/002220  6 material. This leads
to a reduction in the efficiency of the cyclone. The
different flow  paths will compete for priority, which
will be determined by the hydraulic flow  parameters
of the fluid, that is flow rate, pressure, and
relative densities of the  different phases or
fractions. Accordingly, the design of a cyclone is
very dependent 5 upon the particular flow rate and
fluid parameters. Operation of a cyclone separator
outside these design parameters will reduce the
overall separation efficiency and the  performance of
the separator will fall significantly. As noted above,
such a separator  is unsuitable for use in situations
where a long operational lifetime is required with a
wide range of flow rate and hydraulic parameters to be
accommodated, such as the  10 separation of solid
material from fluids produced from a subsea well. It
has been found that an improved separation of a
multiphase fluid can be  achieved when the higher
density component of the fluid is confined to and
caused to  rotate in an outer annular region of the
separation region, with the inner region or core 15
being maintained and occupied by the lower density
component. It is found that the  higher density
components, in particular solid particles, are
concentrated in the  rotating outer region, with a
good separation of the higher density material
occurring  from the relatively lower density
components, which collect in the inner region. By
keeping the higher density components in the rotating
outer annular region, they are 20 subjected to maximum
rotational forces, which serves to improve the
separation. The  inner region is separated from the
outer annular region by an interface, across which
components will migrate. In particular, lighter
components will leave the outer  



annular region and pass into the core region. In
contrast, the heavier components, in  particular
solids, are caused to leave the core region and
collect in the outer annular 25 region. In the case of
a multiphase fluid comprising components with markedly
different densities, in particular liquids and gases,
the interface between the inner core  region and the
outer annular region will form a transition zone. The
method of the present invention is applied in the
separation of solid  30 materials from multiphase
fluid streams. The method may be applied in the
separation of immiscible liquids of different
densities. The method may be applied to WO 2007/144631
PCT/GB2007/002220  7 separate a combined liquid and
gas stream into its separate phases. The method of
the present invention is particularly suitable in the
separation of multiphase fluid  streams comprising
solid particles, liquid and gas. The method is
especially suited to  the removal of solid particles
from the fluid stream produced from a subterranean 5
well, in particular a well producing oil and gas. The
method is also suitable for the  separation of such a
stream that contains water. In such a case, the method
operates to  remove the solid particles from the fluid
phases and initiate or begin the separation of
individual liquid and gas phases. 10 The method of the
present invention is particularly suitable for the
separation  of solid material from a fluid stream
comprising both liquid and gas. This is typically  the
composition of a stream produced by a subterranean oil
or gas well. When the  stream contains a significant
quantity of gas, the inner region consists almost
entirely  of gas, the action of which is to prevent
liquid and solid components from leaving the 15 outer
annular region, resulting in a very high solids
removal efficiency. This leads to  a further aspect of
the present invention, which provides a method for
separating solid  particles from a multiphase fluid
stream, the fluid stream comprising a liquid
component and a gas component, the method comprising:
introducing the fluid stream into a separation vessel;
20 imparting a rotational movement into the fluid; 



forming an outer annular region of rotating fluid of
predetermined thickness;  and forming and maintaining
a core of low density fluid in an inner region;
wherein 25 liquid and solid particles entering the
separation vessel are directed to the  outer annular
region; and the thickness of the outer annular region
is such that the solid particles are  concentrated and
substantially contained within this region. WO
2007/144631 PCT/GB2007/002220  8 The solid material is
removed from the rotating annular region by techniques
described hereinafter. The outer annular region is
maintained with a thickness  sufficient to entrap and
hold the solid particles. 5 The thickness of the outer
annular region is determined by the overall
dimensions and shape of the opening or inlet through
which the fluid is caused to  enter the separation
region. In particular, the thickness of the outer
annular region is  dependant upon the height and width
of the inlet. The angle of the inlet determines  the
angle at which the fluid stream enters the separation
region, in turn determining 10 the pitch of the
helical flow path followed by the fluid stream in this
region. In this  respect, references to an angle are
to the angle with the longitudinal axis of the
separation region. These are selected to cause the
fluid to enter and form the outer  annular region. As
the dimensions of the inlet are fixed, the volumetric
flowrate of  the fluid feed stream entering through
the inlet determines the velocity of the fluid 15
stream and in turn determines the initial rotational
velocity of the fluid in the outer  annular region.
Preferably, the inlet is arranged to introduce the
fluid stream some distance  from the upstream end of
the separation region. In this way, a space is left
between  20 the upstream boundary of the outer annular
region and the end of the vessel containing the
separation region. This allows any high density fluid
that splashes  



from the outer annular region can return, typically by
gravity, to the rotating fluid  stream and be
entrapped. In this way, erosion of the end wall of the
vessel containing  the separation region by high
density fluids and entrained solids is minimised. 25
As noted above, it is frequently the case that subsea
wells produce a  significant quantity of solid
formation material, together with the various fluid
phases.  The solid formation materials include coarse,
medium and fine solid particles, such as  grit and
sand, together with very fine particles, such as scale
or silt. In some cases, 30 the solids produced may
include stones, gravel and small rocks, depending upon
the  operation being performed downhole and the nature
of the subterranean formation. WO 2007/144631
PCT/GB2007/002220  9 The method of the present
invention is effective in removing solid material,
such as  grit, sand and the like in all size ranges,
from the production fluid. However, the  separation
efficiency of the method is such that it will also
operate to remove larger  solid particles that may be
produced by a well. Such particles include well
debris, for 5 example metal particles, resulting from
drilling or finishing operations, as well as  debris
resulting from equipment damage or failure. In the
case of failure of downhole  equipment, substantial
solid particles, typically metal particles, may be
produced with  the well fluid. It will be appreciated
that such debris can cause significant damage to
downstream equipment, such as chokes and the like, if
not removed. 10 Solid particles removed from fluid
streams by the method of the present  invention may
range from a few millimetres in diameter to several
centimetres. Sand  and gravel particles range from 1
mm to from 5 to 10 mm. Larger debris may include
objects in the range of from I to 5 cm or larger. It
is an advantage of the method of 15 the present
invention that such a large range of solid particles
may be separated from  the fluid stream. A particular
advantage of the method of present invention is that
it can be  



operated over a wide range of flowrates, that is has a
large tum-down ratio. The 20 method may be applied in
a single separation apparatus and operate at flowrates
in the  range of up to 25,000 barrels per day (BPD),
in particular from zero, more particularly  from 5,000
up to 25,000 BPD. That is, the method may be operated
with flowrate  fluctuations as great as 500%, without
significant reductions in the separation  performance
of the system. The method preferably operates at
flowrates of up to 25 25,000 BPD. Higher flowrates are
possible, for example of from 1,000 to 100,000  BPD,
with the separation apparatus being sized accordingly.
However, the  performance of the method in removing
the smaller solid particles may be reduced.  Preferred
operating flowrates are in the range of from 2,000 to
25,000 BPD, with  flowrates down to zero being
operable. At lower flowrates, the separation of the 30
components may occur as a result of gravity separation
effects as the dominate WO 2007/144631
PCT/GB2007/002220  10 separation mechanism. At higher
flowrates, the dominant separation mechanism will  be
due to rotational movement of the fluid components.
The single separation apparatus can be sized for
volume throughput, in order  5 to cater for a
particular fluid flowrate. Alternatively, the
apparatus may be sized  according to a desired quality
of separation. Therefore, to achieve both a desired
separation performance and a range of fluid volumetric
flowrates, a plurality of  apparatus of different
sizes may be applied. In this way, units of different
sizes may  be operated in different combinations, by
means of a suitable selective flow-switching 10 means,
to accommodate a range of flowrates and separation
duties. In order to impart the rotational flow pattern
to the stream and create the  rotating annular region,
it is preferred to use a tangential entry of the fluid
stream into  the separation region. Such techniques
are known in the art of cyclone separation. 15
However, in order to ensure that the annular region is
of sufficient depth and  possesses a regular flow
pattern, it is preferred that the tangential entry is
at an acute  angle to the longitudinal axis of the
separation region. In this way, the fluid stream  



entering the region is caused to rotate around the
inner wall of the region and not  collide with the
incoming stream. The overall effect is to create a
helical flow pattern 20 within the rotating annular
region, with the components in this region rotating
around  the central core of low density components.
The angle at which the fluid is  introduced into the
vessel is preferably selected so that the fluid
rotates in a helical  path that allows the fluid after
one revolution to clear the inlet jet and not impact
with  the incoming fluid. Typically, the angle is in
the range of from 45 to 85, more 25 preferably from 60
to 85, to the longitudinal axis of the separation
region. The  dimensions of the inlet are selected
according to the general specification of the well
fluid and the fluid retention time required in the
outer annular region in order to allow  the solids to
migrate to the outer wall of the vessel. 30 In one
preferred arrangement, the portion of the separation
region adjacent the  fluid inlet is provided
witherguidesurface, such as in a wall assembly, shaped
to WO 2007/144631 PCT/GB2007/002220  11 induce the
incoming fluid stream into a spiral or helical flow
pattern. This wall  assembly may be disposed between
the inlet and the upstream end of the separation
region, in order to prevent fluid entering the
separation region from flowing towards  the upstream
end. The wall assembly preferably has a form that
induces a helical 5 flow pattern in the incoming fluid
stream, such that fluid that has entered the
separation region is caused to move in a generally
downstream direction sufficient so  that the fluid
completing its first rotation within the separation
region is not contacted  by the incoming fluid stream.
The wall assembly is preferably provided with one or
more helically extending surfaces, the surfaces
extending generally in the same helical 10 pattern as
the desired helical flow pattern to be induced in the
incoming fluid stream.  A suitable wall assembly is
known in the art and is disclosed in GB 2,353,236. It
has been found that the use of a guide having one or
more helically  extending guide surfaces as
hereinbefore described allows the angle of the inlet
15 conduit be oriented closer to the perpendicular to
the longitudinal axis of the  



separation region. The inlet for the fluid may be any
suitable shape. Circular inlets are well  known and
may be used in the method of the present invention.
However, preference  20 is given to inlets having a
rectangular cross-section and opening for the incoming
fluid stream. The rectangular inlet helps to generate
a uniform helical flow pattern in  the outer annular
region. In addition, the rectangular inlet provides a
better interface  between the incoming fluid and the
inner wall of the separation region, resulting in a
more stable flow regime in the outer annular region.
25 The rectangular inlet preferably has its longest
side parallel to the longitudinal  axis of the
separation region. The height of the rectangular
opening of the inlet, that  is the dimension in the
direction parallel to the longitudinal axis of the
separation  region, in combination with the angle of
the inlet determines the pitch of the helical 30 flow
pattern within the outer annular region. The width of
the rectangular opening of WO 2007/144631
PCT/GB2007/002220  12 the inlet, that is the dimension
perpendicular to the longitudinal axis of the
separation  region, will determine the thickness of
the outer annular region. As the fluid stream moves
helically within the outer annular region (typically
5 downwards within a generally vertically arranged
separation vessel), the solid  particles will collect
at the wall of the separation region in the outermost
portion of  the annular region. The fluid phases,
being less dense than the solids, will migrate to  the
innermost portion of the annular region, in which
portion the fluid phases will  separate into the more
dense phase, which will remain in the annular region,
and the 10 less dense phase, which will migrate into
the central core. This effect is particularly  marked
when the fluid stream contains a gaseous phase, in
which case the gas quickly  leaves the rotating fluid
in the outer annular region. As the fluid stream in
the outer annular region progresses, it will lose 15
momentum, the effect of which is to cause the outer
annular region to become thicker.  



As the flowpath of the fluid stream is followed, the
annular region increases in  thickness, until it
reaches the centre of the separation vessel. This
effect causes the  interface of the least dense fluid
of the inner core and the denser fluid retained in the
outer annular region to adopt a convex profile in the
downstream direction. The 20 precise form of this
profile and the overall form of the interface between
fluids in the  core and fluids in the outer annular
region will depend upon such factors as the  density
of the fluid stream and the inlet velocity of the
stream as it enters the  separation vessel. It will
thus be appreciated that the profile of the interface
and the  overall shape and dimensions of the core
region will vary as the parameters of the 25 fluid
stream change, such as will happen over time for a
fluid stream produced by a  subterranean well. As
noted above, it is a significant advantage of the
method of the  present invention that changes in the
shape and dimensions of the core region, and  hence
the properties of the inlet stream, can be readily
accommodated without any  change in the separation
apparatus being required. 30 WO 2007/144631
PCTIGB2007/002220  13 Conventional cyclone separators
are provided with an outlet for fluid to leave  the
separation vessel. The outlet is typically arranged
coaxially within the vessel as  an exit or dip pipe,
through which fluid may leave from the central most
region of the  vessel. However, such an arrangement
cannot be applied in the case of the present 5
invention. In particular, it is not possible to remove
fluid directly from the core region  in this way, as
this region must be allowed to form and be maintained.
Rather, it is  necessary that fluid removal from the
core region is carried out in a controlled manner  so
as to maintain the core region intact. A number of
alternative designs of fluid  removal may be employed,
as follows. 10 In a first embodiment, a fluid
collection region is provided downstream of the  core
region, having a fluid outlet. Some fluid will leave
the core region by means of  



displacement. However, by appropriate design of the
fluid outlet, it is possible to  establish a
steady-state condition under which the core region is
maintained and fluid 15 from the core region is caused
to exit via the outlet opening downstream of the core
region itself. With such an arrangement, the fluid
exiting through the outlet will be a  mixture of the
high density fluid and the low density fluid. This
combined fluid  stream may be passed to a further
separation process in order to separate the various
fluid phases. An example of such a separation process
is a gas/liquid separator. 20 Alternatively, a low
density fluid collection region, having a fluid
outlet, is  provided at or in the region of the
downstream end of the core region, through which
fluid, that is predominantly low density fluid, is
removed from the process. With such  an arrangement,
the fluid leaving the core region consists mostly of
the low density 25 fluid, perhaps with some entrained
high density fluid and even a minor amount of
entrained small solid particles. As this fluid stream
has the low density fluid in a high  concentration, it
is preferably kept separate from other fluid streams
removed from the  process. This stream may be
subjected to a further separation in which entrained
high  density liquids and entrained solids are
removed. 30 WO 2007/144631 PCT/GB2007/002220  14 In
embodiments having a low density fluid collection
region, a high density  fluid collection region,
having a second fluid outlet, is provided downstream
of the  core region for the removal of high density
liquid. With such an arrangement, the  fluid stream
leaving through the second fluid outlet comprises as a
major portion high 5 density fluid, with some
entrained low density fluid and/or solids. As this
fluid  stream has the high density fluid in a high
concentration, it is preferably kept separate  from
other fluid streams removed from the process. This
stream may be subjected to  a further separation in
which entrained high density liquids and entrained
solids are  removed. 



10 In one embodiment, the solids and/or liquids
separated from the fluid streams  leaving the first
and/or second fluid outlets are recycled to the
separation region for  further processing. 15 The or
each fluid outlet may be in the form of a conventional
pipe or tubular  opening located centrally within the
separation region. However, such openings when
present in a concave rotating fluid stream tend to
generate a region of low pressure,  the effect of
which can be to disturb the separation of solids and
fluids already  established in the annular region. The
or each fluid outlet is conveniently formed as 20 an
outlet pipe, having a closed end and with fluid outlet
apertures formed along its  length extending within
the fluid collecting region. However, in such a case,
it is  preferred that the combined area of the fluid
outlet apertures is greater than the cross- sectional
area of the outlet pipe. In order to achieve a
gradually distributed fluid take- off, the apertures
are arranged over a length of the exit pipe. In
addition, to reduce 25 turbulence in the fluid
collecting region, the apertures are preferably
arranged  tangentially to the rotational flow of fluid
in the collecting region. This aids in  reducing the
shear applied to the fluid, which assists in
maintaining the separation of  fluid phases already
achieved in the preceding regions. This addresses a
problem with  known separators, the collectors of
which can cause the phases to redisperse or, in 30
particular inefficient systems, result in the phases
emulsifying. WO 2007/144631 PCT/GB2007/002220  15 In
embodiments having both a low density collecting
region and a high density  collecting region, and
therefore first and second fluid outlets, one
arrangement is to  provide the outlets as openings in
the same conduit. The conduit may be arranged
coaxially within the separation region. The openings
are preferably formed as 5 hereinbefore described. In
such an arrangement, the conduit extends from within
both  the low density fluid collection region and the
high density fluid collection region.  The conduit may
have a single outlet, resulting in the fluid streams
collected from the  



two collection regions being mixed. Preferably, the
conduit is provided with a low  density fluid outlet
and a high density fluid outlet, thus maintaining the
fluid 10 separation already achieved within the
process. In a preferred arrangement, a separate
conduit is provided for collection and  transport of
fluid from each of the low density collecting region
and the high density  collecting region. Each conduit
extends into its respective region and is provided
with 15 one or more openings for the collection of
fluid. The openings may be formed as  hereinbefore
described. It is preferred to provide the conduit
leading from the low density fluid  collecting region
with a dip pipe or the like, in order to maintain the
appropriate fluid  20 level within the assembly.
Similarly, it is preferred to provide the conduit
leading from the high density fluid collecting region
with a stand pipe, again to maintain a  fluid level
within the assembly. Downstream of the fluid
collecting region or regions, the flowrate of the 25
remaining fluid stream will be significantly lower.
The stream at this point contains a  high proportion
of solid particles entrained in fluid, predominantly
high density fluid,  with a minor portion of low
density fluid entrained therein. In order to prevent
fluid  vortices extending into the regions downstream
of the fluid collecting region, it is  preferred to
provide a means for controlling any vortices that may
form, such as a 30 vortex breaker. WO 2007/144631
PCT/GB2007/002220  16 Downstream of the vortex breaker
the stream is rich in solids and typically is  in the
form of a solid slurry, in which solid particles are
suspended and entrained in  the remaining fluid.
Typically, this fluid will be rich in the denser of
the fluid phases  entering the separation vessel. It
is an advantage of the method of the present 5.
invention that farther separation of components from
the stream may still be achieved.  The remaining fluid
can become more concentrated in the solid particles by
providing  a solid concentrating region, in which the
cross-sectional area of the fluid flowpath  



decreases in the direction of flow. The reduction in
cross-sectional area of the fluid  flowpath may be
achieved by providing a generally cylindrical vessel
section with a 10 central, longitudinally arranged
cone. Alternatively, the vessel may be conical in
form. It is important that the fluid stream in the
solid concentrating region is  rotating, in order to
prevent the solid particles in the fluid stream from
settling out and  15 forming a solid mass in the
downstream region of the solid concentrating region.
Such settling out renders the collected solids
difficult to remove. However, it is also  important
that the flow stream is not rotating too fast, as this
can reduce the efficiency  of the solid concentrating
region and require high volumes of fluid to be removed
in  order to effect sufficient solids removal from the
apparatus. In order to reduce the 20 helical or
rotational flow pattern of the fluid in the solid
concentrating region, the  region may be provided with
one or more baffles of appropriate shape and size to
generate the optimum fluid flow pattern. Preferably,
the method of the present invention provides a final
solids 25 separation and removal region, the function
of which is to separate the larger solid  particles,
such as well debris, from the smaller solid particles,
such as sand and grit.  In one embodiment, the smaller
solid particles are removed in the form of a slurry
from the central region of the separation and removal
region. This is conveniently  achieved by means of an
outlet pipe extending into the separation and removal
region 30 and provided with a plurality of slurry
outlet apertures. To minimise the change in  direction
of the fluid, the apertures are preferably arranged
tangentially to the rotating WO 2007/144631
PCT/GB2007/002220  17 fluid flow. Larger solid
particles remain in the outer region of the separation
and  removal region and may be removed through one or
more outlets. These outlets may  conveniently be one
or more ports in the wall of the separation vessel.
Again, to be in  line with the fluid flow direction
and minimise the risk of blockages occurring, the 5
outlets are preferably oriented tangentially to the
rotating fluid flow. 



In an alternative embodiment, the solids separation
and removal region is  provided with an inner conduit
having a plurality of slurry outlet apertures forming
a  solids sieve. The fluid stream is caused to flow
through the inner conduit. The 10 rotation of the
fluid stream causes the solid particles to collect at
the wall of the inner  conduit, with the smaller solid
particles passing outwards through the solids sieve.
Larger solid particles, such as well debris, remain
within the conduit and are collected  at the outlet of
the conduit. The size distribution between solid
particles retained  within the inner conduit and those
leaving through the sieve is determined by the 15
diameter of the apertures in the solids sieve. The
removal of the large diameter solid particles may be
on a continuous  basis, or operated batch-wise, as the
need arises. This will depend, in part, upon the
relative amounts of solid and fluid components present
in the feed stream, as well as  20 the particle size
distribution of the solid material. The streams
containing solid particles, both large and small, may
be passed to  a further separation process, for
further concentration and removal of the solids
material. Fluid components removed during these
separation processes may be 25 recycled to the
appropriate position in the separation region. In a
further aspect, the present invention provides a
separation system for a  multiphase fluid containing a
high density component and a low density component
comprising a separator having: 30 a separation region;
an inlet for the multiphase fluid to enter the
separation region; WO 2007/144631 PCT/GB2007/002220
18 means for imparting a rotational movement to the
multiphase fluid upon entry  into the separation
region, so as to form an outer annular region of
rotating fluid of  predetermined thickness and a core
region; in operation the thickness of the outer
annular region being such that the high  5 density
component is concentrated and substantially contained
within the outer  



annular region; and the low density component is
concentrated in the core region. The separation system
comprises a separation region. This is most 10
conveniently arranged as a generally cylindrical
vessel. With the vessel disposed  substantially
vertically, the inlet for the multiphase fluid is
arranged in the upper  portion of the vessel. The
system may comprise a single inlet for the multiphase
fluid to enter the  15 separation region and a single
inlet will suffice in many applications. However, if
required, two or more fluid inlets may be provided,
for example disposed around the  separation region to
form a fluid inlet region. The system comprises a
means for imparting a rotational motion to the 20
multiphase fluid entering the separation region. The
rotation is most conveniently,  and most preferably,
by appropriate design of the fluid inlet. In
particular, the  rotational movement can be achieved
by arranging the fluid inlet at a tangent to the
separation region. The inlet is preferably arranged at
an acute angle to the  longitudinal axis of the
separation region. In this way, the inlet imparts a
helical flow 25 pattern to the fluid entering the
system, thereby establishing the annular region of
fluid along a portion of the length of the separation
region. The inlet may be at an  angle of from 45 to
85, more preferably from 50 to 80, to the longitudinal
axis of  the separation region. The inlet may have any
suitable cross-sectional shape.  However, preference
is given to an inlet having a rectangular
cross-section. In this 30 way, a smoother transition
of the fluid flow from the inlet to the wall of the
separation WO 2007/144631 PCT/GB2007/002220  19 region
will be achieved. The dimensions of the inlet are
selected to provide the flow  pattern required in the
outer annular region of the separation region. The
separator system further comprises an arrangement of
fluid outlets for  5 removing fluid from various
points in the separation process. One of a number of
alternative arrangements for the fluid outlet may be
employed. In the first  



arrangement, both low density fluid and high density
fluid is removed through the  same outlet. This
arrangement has the advantage of being simple.
However, this  arrangement tends to negate the effects
of the process in separating the fluid phases. 10 An
alternative arrangement is to provide two separate
fluid outlets, placed within the  separation region so
as to selectively remove high density fluid and low
density fluid  from their respective regions of
highest concentration. In this way, the fluid
separation achieved by the process may be retained.
Details of the alternative  arrangements for the fluid
outlet are described below. 15 In a first preferred
embodiment, the system comprises a fluid outlet
disposed  within the separation region at a position
that, in use, corresponds to a position  downstream of
the end of the core region. The outlet is preferably
formed in a  conduit extending into the separation
region. The outlet may simply be the open end 20 of
the conduit. However, this has been found to generate
turbulence and shear in fluid  flowing past the
opening, the tendency of which is to mix fluid phases
that have  already begun to separate. Accordingly, the
outlet is preferably in the form of a  conduit having
a closed end and provided with a plurality of openings
in its end  portion. With the conduit arranged
longitudinally and centrally within the separation 25
region, the openings extend radially outwards. In a
preferred arrangement, the  openings are arranged
tangentially to the flow of fluid occurring around the
conduit  during use. In this way, an enhanced fluid
flow profile is created in the fluid flow  pattern. 30
In an alternative arrangement, a first fluid outlet
for low density fluid is  provided within the
separation region at a position corresponding to the
region at the WO 2007/144631 PCT/GB2007/002220  20
downstream end of the core region. In this way, low
density fluid that has collected  within the core
region is removed in a stream that contains the low
density fluid in a  relatively high concentration. The
first fluid outlet is preferably formed in a conduit  



extending into the separation region, the details of
which are as described above. 5 Preferably, in the
case of a first fluid outlet disposed within the core
region, a  second fluid outlet is provided within the
separation region at a position  corresponding to a
position downstream of the core region, when the
system is in use.  In this way, fluid may be removed
directly from the region having the high density 10
fluid in a high concentration. The second fluid outlet
is preferably formed in a  conduit extending into the
separation region, the details of which are as
described  above. One arrangement comprises a single
conduit extending within the separation  15 region and
having openings disposed to provide the first fluid
outlet and the second  fluid outlet. The conduit may
have a single outlet for the fluid collected from the
separation region. However, most preferably, the
conduit has an outlet for each of the  low density
fluid and the high density fluid. In this way, the
separation of the fluid  phases achieved within the
separation region is maintained. 20 In a preferred
arrangement, each of the first fluid outlet and the
second fluid  outlet open into a separate conduit, for
collection, transport and removal of the  respective
fluid fraction from the assembly. In this way, each
fluid fraction may be  lead away from the assembly.
The conduit for the light fluid fraction preferably 25
comprises a dip pipe or the like, in order to maintain
an appropriate fluid level.  Similarly, the conduit
for the heavier fluid fraction may comprise a stand
pipe. In the region downstream of the core region and
the fluid outlet or outlets, the  system preferably
comprises a means for breaking and/or controlling
vortices forming  30 within the separation region. WO
2007/144631 PCT/GB2007/002220  21 Thereafter, in the
downstream direction, the system preferably comprises
a  region having the function of concentrating the
most dense phases in the stream being  



processed. This feature is particularly advantageous
when the fluid stream being  separated contains solid
particles of varying sizes. The concentration region
is 5 provided by having the cross-sectional area of
the separation region reduced. This  may be achieved
by providing the separator vessel with a conical or
tapered internal  wall. Alternatively, the necessary
reduction in cross-sectional area may be achieved  10
within a vessel of constant cross-section by provision
of a conical or tapered element  disposed within the
separation region. If employed, the conical or tapered
element  preferably comprises one or more longitudinal
bores or passages therethrough, in  order to allow
lower density fluid to vent from the region below the
element to the  region above the element. The conical
or tapered element will extend at the angle 15
required to give the appropriate change in
cross-sectional area of the separator, in the
direction of fluid flow. A typical angle of cone or
taper is in the range of from 5 to  30 to the
longitudinal axis of the separator. For the processing
and separation of solid particles from the multiphase
fluid  20 stream, the system is preferably provided
with a region for separating solid particles  from the
fluid in the downstream portion of the separation
region. In a first  embodiment, the solid separator
comprises a conduit extending coaxially within the
separation region having a plurality of openings in
the wall of the conduit. The  openings preferably
extend radially through the wall of the conduit, most
preferably at 25 a tangent to the surrounding fluid
flow. In this way, fluid and smaller solid particles
entrained in the fluid are caused to pass through the
openings into the conduit, from  where the fluid and
solids may be recovered. The size of the openings may
be  selected to provide the particle size distribution
desired in the separated solids. In this  way, the
conduit acts as a form of filter, retaining the larger
particles within the 30 separation region, from where
they may be recovered through a suitable outlet
disposed in the wall of the separator region. WO
2007/144631 PCT/GB2007/002220  22 



In an alternative arrangement, the wall of the
separation region is provided  with a plurality of
openings of appropriate size, the openings connecting
the  separation region with a solid entrapment zone
disposed around the separation region. 5 In a
preferred arrangement, the solid entrapment zone is an
annular region extending  around the separation zone
and separated by the perforated wall of the separation
zone. Under the action of the rotating fluid, smaller
particles will pass through the  openings entrained in
fluid, while larger solid particles will be retained
within the  separation region. Again, the size of the
openings may be selected to provide the 10 desired
particle size distribution between the separated
solids and act as a filter. The  smaller particles and
fluid are removed from the solid entrapment zone
through a  suitable outlet. Larger particles may be
removed from the separation region, again  through a
suitable outlet. 15 The removal of large solid
particles from the separation region may be  operated
on a continuous basis. However, it may be preferable
in some situations to  remove the larger solids
intermittently or batchwise. This may be particularly
useful  when processing a fluid stream produced from a
subsea well, in which may be  entrained not only
smaller solid particles, such as sand and grit, but
larger debris from 20 damaged or worn downhole
equipment and the like. The larger debris may be
allowed to accumulate in the downstream end of the
separation region and removed at  regular intervals,
for example by means of a remotely operated vehicle
(ROV). A particular problem arises with existing
arrangements of subsea processing  25 assemblies. At
the present time, it is the practice to install subsea
separation  assemblies to operate at reduced
pressures. Examples of such assemblies are settling
tanks and the like. This arrangement necessitates
installing the separation units  downstream of process
equipment such as chokes. A particular problem arises
when  the fluid being produced from the well contains
solid material, such as sand and well 30 debris. The
process equipment located upstream of separator units
is exposed to the  flow of the fluids and entrained
solids at substantially wellbore pressure. This
results WO 2007/144631 PCT/GB2007/002220  



23 in a very rapid rate of wear of the process
equipment and frequent failures. Given the  position
of such equipment in the process relative to the
wellhead, it is an expensive  and time consuming task
to repair or replace broken or failed items. It is
known to  provide desanders immediately downstream of
the wellhead, in order to remove sand 5 from the
produced fluids. Such desanders are cyclone
separators, effective in  removing sand particles of a
particle grade. However, such equipment is not
effective  in the removal of larger solid particles or
debris, which can be carried over and find  their way
into the downstream processing equipment causing the
damage mentioned  before. Such debris may arise as a
result of a failure or breakage of downhole 10
equipment, resulting in large items of debris being
produced from the well. It is an  advantage of the
method and system of the present invention that this
debris can be  effectively removed. Accordingly, the
system of the present invention is particularly
suited to being situated immediately downstream of the
wellhead, being able to  operate as it does at
wellhead pressures and remove or contain even the
largest of 15 debris produced by the well.
Accordingly, in a further aspect, the present
invention provides a subsea  processing assembly
comprising: a wellhead assembly through which fluids
are produced from a subterranean  20 well; a separator
assembly having a fluid inlet connected to the
wellhead assembly  for receiving the fluids produced
from the well, the separator assembly being operable
at wellhead pressure to remove well debris entrained
in the fluids to produce a solids- rich phase and a
fluid phase, the separator assembly comprising a fluid
outlet for the  25 fluid phase; and a choke assembly
having an inlet connected to the fluid outlet of the
separator  assembly. The separator assembly may be
connected directly to the wellhead assembly or  30 by
means of a pipeline. 



WO 2007/144631 PCTIGB2007/002220  24 Similarly, the
separation assembly of the present invention may be
employed  on an offshore platform receiving production
fluids directly from either platform  wellheads or a
subsea wellhead through a riser or the like upstream
of the choke.  Accordingly, in a further aspect, the
present invention provides a platform processing  5
assembly comprising: a fluid receiving assembly for
receiving fluids produced from a subterranean  well; a
separator assembly having a fluid inlet connected to
the fluid receiving  assembly for receiving the fluids
produced from the well, the separator assembly  10
being operable at wellhead pressure to remove well
debris entrained in the fluids to produce a solids
rich phase and a fluid phase, the separator assembly
comprising a  fluid outlet for the fluid phase; and a
choke assembly having an inlet connected to the fluid
outlet of the separator  assembly. 15 In this respect,
the wellhead pressure at the fluid receiving assembly
of the  platform will be the actual wellhead pressure
less any pressure drop due to the change  in elevation
or as a result of the passage of the fluid through the
riser assembly. 20 As noted above, the method of the
present invention is particularly suitable for  the
separation of solid particles from a multiphase fluid
stream containing gas and  liquids. Accordingly, in a
further aspect, the present invention provides a
method for  separating solid particles from a
multiphase fluid stream, the fluid stream comprising
a liquid component and a gas component, the method
comprising: 25 introducing the stream into a
separation region;  imparting a rotational movement
into the fluid; forming an outer annular region of
rotating fluid of predetermined thickness;  and 



forming and maintaining a core of gas in an inner
region; wherein 30 liquid and solid particles entering
the separation vessel are directed to the  outer
annular region; and WO 2007/144631 PCT/GB2007/002220
25 the thickness of the outer annular region is such
that the solid particles are  concentrated and
substantially contained within this region. As has
been hereinbefore described, a multiphase fluid stream
is introduced  5 into a separation in such a way as to
impart a helical, rotational flow pattern and to
cause an outer annular region of heavier components to
form. Conventionally,  equipment that relies upon the
separation of components using fluid rotation and the
resultant forces has introduced the combined stream
into a suitable vessel or region  through one or more
openings. In the development of the present invention,
it has 10 been found that this incoming stream can
disrupt the flow patterns established within  the
separation region. It has been found that this
disruption can be reduced, and the  separation
efficiency increased, by forcing the incoming fluid to
flow along a circular  or helical path prior to
entering the separation region. In this way, the
components  within the fluid stream may be at least
partially oriented in a corresponding manner to 15 the
orientation required in the separation region.
Accordingly, in a further aspect, the present
invention provides a method of  separating a
multiphase fluid stream, the method comprising
introducing the stream  into a separation region in a
manner to induce a rotational flow pattern within the
20 separation region, wherein, prior to its
introduction into the separation region, the  fluid
stream is caused to flow along an arcuate flowpath,
the fluid flowing along the  arcuate flowpath in an
orientation corresponding to the rotational flow
pattern within  the separation region. 25 It has been
found that under the appropriate flow regimes within
the arcuate  flowpath, the components within the fluid
stream can be caused to separate according  to their
relative densities. This initial separation may be
used to enhance the 



separation required in the separation region, provided
the fluid inlet is oriented to  introduce the fluid
stream into the separation region such that the
components of the  30 incoming fluid are appropriately
oriented. Thus, the arcuate flowpath and the fluid WO
2007/144631 PCT/GB2007/002220  26 inlet are arranged
such that the heavier components in the fluid stream
are introduced  radially outwards of the lighter
components. The arcuate flowpath may be circular or
helical, as required by the particular  5 separation
function to be achieved and the physical aspects of
the assembly being  used. The flow of fluid in the
circular flowpath should be in a regime that allows
for  separation of the components to begin.
Accordingly, it is preferred that the fluid 10 stream
in the arcuate flowpath is in a laminar or
transitional flow regime, that is less  than
turbulent. The length and radius of curvature of the
arcuate flowpath should be  sufficient to at least
initialise separation of the heavier and lighter
fractions prior to  the stream entering the separation
region. 15 In a further aspect, the present invention
provides an apparatus for separating a  multiphase
fluid stream, the apparatus comprising: a separation
region; an inlet for introducing a fluid stream into
the separation region;  an arcuate conduit for
conveying a fluid stream to the inlet; 20 wherein the
arcuate conduit and the inlet are arranged to
introduce the fluid  stream into the separation region
in an orientation corresponding to that of the fluid
within the separation region during operation. The
separation region may be that of any known or
conventional rotational  25 separation device, such as
a cyclone. In this respect, an existing separation
installation or assembly may be modified to operate
according to this aspect of the  invention by a
suitable modification of the conduit conveying fluid
to the inlet of the  separation device. 



30 Embodiments of the present invention will now be
described, by way of  example only, having reference
to the accompanying drawings, in which: WO 2007/144631
PCT/GB2007/002220  27 Figure IA is a schematic
representation of the flow patterns of the components
of a multiphase fluid stream in the method of the
present invention; 5 Figure 1 B is a schematic
representation of alternative flow patterns of the
components of a multiphase fluid stream in the method
of the present invention;  Figure 2 is a longitudinal
cross-sectional view through a separator system
according to a first embodiment of the present
invention; 10 Figure 3A is a longitudinal
cross-sectional view through a separator system
according to a second embodiment of the present
invention; Figure 3B is a longitudinal cross-sectional
view through a separator system  15 according to a
third embodiment of the present invention; Figure 4 is
a longitudinal cross-sectional view through a
separator system  according to a fourth embodiment of
the present invention; 20 Figure 5 is a longitudinal
cross-sectional view through a separator according to
a fifth embodiment of the present invention; Figure 6
is a partial cross-section view through a separator
according to a sixth  embodiment of the present
invention; 25 Figure 7 is a cross-sectional view
through the inlet and separation regions of a
separator according to a seventh embodiment of the
present invention; and Figure 8 is an enlarged
cross-sectional view of the fluid inlet region of the
30 separator of Figure 7. WO 2007/144631
PCT/GB2007/002220  28 References to `upwards' and
`downwards' as used herein refer to the  



assemblies with longitudinal axes in the vertical
orientation as shown in the  accompanying figures. It
will however be understood that non-vertical
orientations  may also be applied and the
aforementioned terms are to be construed accordingly.
5 Referring to Figure I A, there is shown a schematic
representation of a typical  fluid flow pattern within
the separation region of the method of the present
invention.  A multiphase fluid 2 is introduced into a
vertically oriented separation region 4  through a
single rectangular tangential inlet 6. The inlet 6 is
at an angle to the 10 longitudinal axis of the
separation region 4, such that the incoming fluid 2 is
directed  against the wall of the separation region in
a helically descending flow pattern 8. The  general
direction of fluid flow is indicated by the arrow in
Figure 1. The helical flow  pattern establishes an
outer annular region 10 adjacent the wall of the
separation  region 4 within which is disposed a core
region 12. The components of the 15 multiphase fluid
having a higher density are concentrated in the outer
annular region  10, while the lower density components
migrate to and are collected in the core region  12.
An interface 14 is established between the core region
and the outer annular  region. For example, when the
multiphase fluid comprises solids, liquids and gases,
the outer annular region 10 is essentially a rotating
wall of liquid, with entrained 20 solids and some
entrained gas bubbles. In contrast, the core region 12
is composed of  gas, with some entrained liquid
droplets. A rapid exchange of liquid and gas will
occur across the interface 14 between the core region
and the annular region, as the  fluid descends within
the separation zone. As will be seen from Figure 1,
the  interface 14 is convex in shape in the downstream
direction of flow. 25 As shown in Figure 1 A, the
helical flow pattern followed by the incoming  fluid
has a pitch such that the fluid completing its first
revolution passes below the  incoming fluid entering
through the inlet 6. In this way, the incoming fluid
avoids  colliding with the rotating fluid already
within the separation region 4. This serves to 30
quickly and efficiently establish the outer annular
region at the thickness  



predetermined by the dimensions of the inlet 6. WO
2007/144631 PCT/GB2007/002220  29 As also shown in
Figure 1 A, the inlet 6 is disposed some distance from
the  upper end of the separation region 4. In this
way, high density fluid and entrained  solids
splashing from the outer annular region 10 are caused
to drop back into the 5 fluid stream and become
entrained in the fluid circulating in the outer
annular region  10. In this way, the erosion of the
top of the vessel wall containing the separation
region 4 is minimised. Figure 1 B shows a similar
representation of fluid flow patterns to that of 10
Figure IA. Features of Figure 1B shared with Figure IA
are indicated using the same  reference numerals. In
Figure 1 B, the multiphase fluid is divided into two
streams 2  and 3 and is caused to enter the separation
region 4 through two opposed rectangular  inlets 6 and
7. Each inlet 6 and 7 is arranged tangentially to the
wall of the separation  region 4. The inlets 6 and 7
are angled such that the incoming fluid from the inlet
7 15 flows below and under the fluid stream 2 entering
through the inlet 6, in order to  avoid collision
between the fluid streams 2 and 3. It will be
appreciated that three or  more inlets may be
arranged, applying a similar approach to that of
Figure 1 B, such  that multiple fluid streams are
introduced into the separation region 4 with minimal
or  no collision between the incoming fluid streams.
20 Referring to Figure 2, there is shown, in vertical
cross-section, a separator  system according to one
embodiment of the present invention. The separator
system,  generally indicated as 102, comprises a
generally cylindrical, vertically oriented  separator
104, having a cap 106 mounted on the upper end of the
separator by means 25 of a flange 108 and bolts 110. A
tapered solid concentrator 112 is secured to the
lower end of the separator 104 by means of flanges 114
and bolts 116. As shown in  Figure 2, the solid
concentrator 112 has a conical inner portion. The
angle of the  conical section will be determined by
the properties of the fluid being processed.  



Cone angles in the range of from 5 to 20 from the
longitudinal axis of the separator 30 are typical for
the separation of a fluid stream comprising crude oil,
water and solids. WO 2007/144631 PCT/GB2007/002220  30
The separator 104 has a generally cylindrical bore
running therethrough,  extending in its upper portion
into the cap 106 and, in its lower portion, partially
into  the solid concentrator 112. The remaining
portion of the solid concentrator 112 is  formed with
a tapered bore, decreasing in cross-sectional area in
the downwards 5 direction and opening into a slurry
container 118 mounted to the lower end of the solid
concentrator 112 by means of flanges 120 and bolts
122. The combined bores of  the cap 106, separator
104, solid concentrator 112 and slurry container 118
form a  separation region. The components forming the
separation region are of sufficiently  wear resistant
material to avoid excessive erosion of the walls or
may be lined or 10 sleeved in such material. The cap
106 is provided with a feed pipe 124 communicating
with a  rectangular inlet 126 in the cap. The feed
pipe 124 and the rectangular inlet 126 are  arranged
at an acute angle to the longitudinal axis of the
separator and tangentially to 15 the wall of the cap
106. The angle of the feed pipe 124 and the inlet 126
will be  determined by the properties of the fluid
stream and the separation duty to be  performed. A
typical angle for the feed pipe 124 and inlet 126 is
from 5 to 20,  measured from a line perpendicular to
the longitudinal axis of the separator 104. 20 The
dimensions of the inlet opening will also be
determined by the fluid  stream and the separation
duty. For a fluid stream comprising a viscous crude
oil,  water and sand particles, the inlet 126 will be
sized to provide a fluid inlet velocity of  from 1 to
5 m/s. The relative dimensions of the inlet opening,
that is its aspect ratio,  are determined by the fluid
properties and the separation and the required flow
pattern 25 within the separator 106. In particular,
the aspect ratio of the inlet 126 will affect the
thickness of the outer annular region, in which the
heavier components will  concentrate. 



A fluid outlet pipe 128 extends co-axially from the
closed end of the cap 106  30 down into the solid
concentrator 112. At its upper end, the fluid outlet
pipe 128  communicates with an outlet 130 in the cap
106, to which isconnected _to the inlet of WO
2007/144631 PCT/GB2007/002220  31 a production fluid
choke 132 of conventional design, for example a
plug-and-cage  choke. The outlet of the production
fluid choke 132 is connected to a fluid line 134
leading to downstream fluid processing equipment. The
lower end of the fluid outlet  pipe 128 coincides
generally with the junction between the separator 104
and the solid 5 concentrator 112 and is closed. The
lower end portion of the fluid outlet pipe 128
comprises a plurality of fluid ports 136 extending in
a radially outwards direction at a  tangent to the
outer surface of the fluid outlet pipe 128. A vortex
control assembly 138 is provided and mounted on the
lower end of  10 the fluid outlet pipe 128, and
comprises a fluid guide 140 in the form of an inverted
cone to provide a vortex flow foil. The fluid guide
140 acts to disseminate the  upwards flowing vortex.
This induces a curved flow path allowing fluid to
circulate  and enter the tangential ports 136 without
fluid suction arising. The fluid guide 140  also
forces the heavier components outwards, thus
preventing a premature widening 15 of the outer
annular region and pushing the interface 125 radially
outwards. This  further enhances separation of the
components of the fluid stream. The slurry container
118 comprises a generally cylindrical bore of larger
internal diameter than the diameter of the lower end
of the tapered bore in the solid 20 concentrator 112.
A perforated cage 142 having an internal diameter
corresponding to  that of the lower end of the tapered
bore in the solid concentrator extends co-axially
through the slurry container 118 and forms an annular
region 144 in the slurry  container. The perforations
146 in the cage 142 are arranged tangentially and
connect  the bore of the cage 142 with the annular
region 144. A tangentially arranged fluid 25 outlet is
provided in the lower portion of the annular region
144 of the slurry container  118 and connected to the
inlet of a slurry choke 148 of conventional design,
for  



example a stem-and-orifice choke. The outlet of the
slurry choke 148 is connected to  a slurry line 150
leading to the downstream slurry processing equipment.
30 The perforated cage 142 is connected at its lower
end to an outlet 152 in the  slurry container 118,
which is in turn connected by a hydraulic or manual
ROV valve WO 2007/144631 PCT/GB2007/002220  32 154 to
a debris line 156, through which debris collected in
the system may be  collected and removed. In
operation, a multiphase fluid stream comprising gas,
one or more liquid  5 phases, and solid particles
ranging from sand to well debris is fed through the
feed  pipe 124 to the rectangular inlet 126 in the cap
106. Such a multiphase fluid is typical  of the stream
produced from a subterranean well. The fluid stream
enters the  separation region in the cap 106 and flows
in a helical pattern downwards within the  cap 106 and
separator. The liquid and solid phases present in the
fluid stream are 10 substantially confined to flow in
an annular region adjacent the wall of the cap 106
and separator. A core region consisting essentially of
gas is maintained within the  separation region, the
interface between the core region and the annular
region being  shown by the dotted line 125 in Figure
2. As rotating liquid stream descends within  the
separator 104, entrained gas is caused to pass into
the gas core. Liquid droplets 15 and any solid
particles that may be entrained within the gas core
are caused to move  in the opposite direction and
enter the liquid annular region. As the liquid stream
in the annular region descends, it loses angular
momentum, resulting in the annular region becoming
larger in cross-section as the  20 separator 104 is
descended and the core region smaller in
cross-section, until the liquid in the annular region
extends across the bore of the separator. This action
forms the convex shape of the interface shown in
Figure 2 and in more detail in  Figures I A and 1 B.
The continued rotation of the liquid causes the more
dense  phases, including the solid particles, to
collect at the wall of the separator, while the 25
less dense liquid and gas phases will move towards the
central axis of the separator  



104. Clean fluid is removed from within the separator
104 through the fluid ports  136 in the lower portion
of the fluid outlet conduit 128. This fluid will
comprise both  30 the less dense liquids from the
annular region, as well as gas displaced downwards
from the core region. This combined fluid stream exits
the conduit 128 through the WO 2007/144631
PCT/GB2007/002220  33 outlet 130 in the cap 106 and
passes via the production fluid choke 132 to the fluid
line 134 for further processing. The rotational action
of the liquids remaining in the separator can create a
5 vortex, which will have the effect of causing fluid
flow to be drawn up from the  rotating slurry fluid
and reducing the separation of the phases, in
particular the  separation and gradation of the solid
particles. The vortex control assembly 138, in
particular the vortex flow foil 140, on the lower end
of the fluid outlet conduit 128  prevents the vortex
from drawing slurry from the slurry separation region
and passing 10 upwards into the region around the
ports 136 in the fluid outlet conduit 128. The  vortex
flow foil 140 also acts to push the downward fluid
flow outwards towards the  wall of the separation
region, further enhancing solids separation. From the
separator 104, fluid passes into the solid
concentrator 112. The  15 cross-sectional area of the
flowpath of the fluid is reduced along the length of
the  solid concentrator 112 by the combined effects of
the tapered bore of the concentrator  112 and the
conical fluid guide 140, causing the fluid to become
concentrated in the  solid particles and form a
slurry. 20 The slurry passes to the central perforated
cage 142 of the slurry container  118, where the
vortex acts to rotationally agitate the fluid and
entrained solids. Fluid  and smaller solid particles
pass outwards through the perforations 146 in the
perforated cage 142 as the slurry descends within the
slurry container and are  removed from the annular
region 144 through the outlet to pass to the slurry
choke 25 148. Solid debris remains within the
perforated cage 142 and leaves the slurry  



container 118 through the lower outlet 152. Depending
upon the amount of debris in  the stream being
processed, the hydraulic or manual ROV valve 154 may
be left open,  to provide a continuous flow of debris,
or may be opened intermittently, for example  by a
remote operated vehicle (ROV), to empty the bore of
the slurry container when 30 sufficient debris has
been collected. The ROV may be provided with a
receptacle for  receiving the solid debris for
removal. WO 2007/144631 PCT/GB2007/002220  34
Referring to Figure 3A, there is shown an alternative
embodiment of the  separator system of the present
invention. The components of the system of Figure  3A
corresponding to those of the system of Figure 2 are
indicated using the same 5 reference numerals. The
general manner of operation of the system of Figure 3A
is  largely the same as that of Figure 2. Accordingly,
to avoid repetition, only the  differences in
construction and detailed operation between the
systems of Figures 2  and 3A will be described. 10 The
system of Figure 3A comprises a slurry container 118
mounted directly on  the lower end of the separator
104, the separation region being formed by the
combined generally cylindrical bores of the cap 106,
the separator 104 and the slurry  cage 118. The lower
end of the fluid outlet conduit 128 is closed with a
conical cap  140. A slurry collection cage 172 extends
co-axially upwards within the slurry 15 container 118.
A plurality of tangential perforations 176 are formed
in the slurry  collection pipe 172. The lower end of
the slurry collection cage 172 connects with a  slurry
outlet 178 in the lower end of the slurry container
118, which in turn connects  with a slurry choke 148
and slurry line 150. A tangential debris outlet port
180 is  disposed in the wall of the slurry container
118 adjacent its end, which is connected to 20 a
hydraulic or manual ROV valve 154 and a debris line
156. In operation, the separator system of Figure 3B
provides an alternative means  of solid concentration
and solid collection. The cross-sectional area of the
downstream end of the bore within the separator 104
available for the flow of fluid is 



25 reduced by means of the conical cap 174 on the
slurry collection cage 172, causing an  annular
concentration of solids within the fluid. This causes
the concentration of the  solid particles within the
fluid phase as the stream descends from the separator
104 to  the slurry container 118 forming a region of
relatively still fluid, allowing solid  particles to
settle and form a concentrated slurry. Fluid is
removed from the slurry 30 container 118 by passing
through the tangential perforations 176 in the slurry
collection pipe 172. WO 2007/144631 PCT/GB2007/002220
35 Referring to Figure 3B, there is shown an
alternative arrangement to that of  Figure 3A, but
employing the same principle for the collection and
removal of solid  particles using a slurry collection
cage 172. The assembly of Figure 3B employs a  5
generally cylindrical separator 104, the slurry
container having a diameter substantially the same as
that of the separator 104. To provide a constriction
in the  downward fluid flowpath, the slurry collection
cage 172 has its upper end closed by a  conical cap
174. A vent port 175 extends vertically through the
conical cap 174. The  vent port 175 in the conical cap
174 provides an outlet for fluid displaced from the 10
slurry container 118. In the slurry container 118,
fluid and solid particles are caused to try and
concentrate on the separator axis and to flow through
the tangential slots 176 and  enter the slurry
collection cage 172, from where they are discharged
through the 15 slurry outlet 178, via the slurry choke
148 into the slurry line 150. Debris and very  coarse
solids in a fluid slurry are removed from the slurry
container through the debris  outlet 180 and via the
hydraulic or manual ROV valve 154 into the debris line
156. The arrangements of Figures 3A and 3B offers
advantages over that of Figure  20 2 in the case that
the fluid stream contains solid particles that are
easily entrained.  The arrangements of Figures 3A and
3B provide a relatively large volume of  substantially
stationary fluid in the slurry container 118,
surrounding the slurry  collection cage. This
arrangement provides an increased slurry residence
time in the  



slurry container 118 of Figures 3A and 3B, compared
with that of Figure 2. Easily 25 entrained particles
are thus allowed a greater time for settling in the
slurry container  118, in turn increasing the
separation efficiency of the assembly. Referring to
Figure 4, there is shown a further embodiment of the
separator  system of the present invention. The system
of Figure 4 comprises a cap, a separator  30 and a
slurry container substantially as described
hereinbefore and as shown in Figure  3 and operates in
the same general manner as the system shown in Figure
3. WO 2007/144631 PCT/GB2007/002220  36 Accordingly,
components common to the systems of both Figures 3 and
4 are  indicated using the same reference numerals.
However, the arrangement shown in  Figure 4 employs an
alternative fluid collection regime, the components
and operation  of which will now be described in more
detail. 5 The separation system of Figure 4 employs a
light fluid outlet conduit 200 and  a heavier fluid
outlet conduit 205. The heavier fluid outlet conduit
205 is arranged  co-axially within the separation
region and extends through the slurry container 118.
The heavier fluid outlet conduit 205 extends
co-axially at its lower end portion within 10 the
slurry collection cage 172, forming an annular chamber
for the collection of slurry  through the slots. The
light fluid outlet conduit 200 has a vortex arrestor
assembly 201 at the gas  liquid level 203 to hinder
the formation of a vortex and prevent heavier fluid
being 15 drawn into the light fluid outlet conduit
200. The light fluid outlet conduit 200 is  provided
with a plurality of tangential fluid ports 211
disposed so as to open into the  core region above the
vortex arrestor 201. As shown in Figure 4, the
interface  between the core region and annular region
within the separator 104 is indicated by  the dotted
line 125. It is preferred that the light fluid outlet
conduit 200 is of a length 20 such that, in operation,
the lower or downstream end of the core region
intersects the  light fluid outlet conduit 200 at or
close to its lowermost end, above the vortex  



arrestor assembly 201. The fluid outlet 130 in the cap
106 connects with a liquid trap 204 mounted to  25 the
upper end of the cap 106 by a flange and bolts. The
liquid trap 204 comprises a  central chamber 206 and a
fluid feed pipe 208 extending co-axially upwards
within  the chamber 206 from the fluid outlet 130 in
the cap 106. The fluid feed pipe 208 has  its upper
end sealed with a domed cap 210 and a plurality of
tangential fluid ports 212  opening into the chamber
206. A tangentially arranged fluid outlet 214 is
disposed in 30 the upper portion of the wall of the
liquid trap 204, which connects the chamber 206  with
a fluid line 216. A plurality of drain ports 218
extend from the lower end of the WO 2007/144631
PCT/GB2007/002220  37 chamber 206 in the liquid trap
204 to corresponding ports 220 formed in the end of
the cap 106 opening into the separation region to
enable liquid to be recirculated as  shown in Figures
1A and 1B. 5 The heavier fluid outlet conduit 205 is
capped at its upper end by a dome cap  209 and is
provided in its upper portion with a plurality of
tangential fluid ports 213.  The heavier fluid outlet
conduit 205 connects with a fluid outlet port 222 in
the slurry  container 118, which in turn is connected
to a fluid line 224. The fluid line is shaped  to form
a weir 225 having a level corresponding to that of the
downstream end of the  10 core region, as indicated in
Figure 4. A cone 226 extends around the heavier fluid
outlet conduit 205 in a region  below the tangential
fluid ports 213. The cone 226 is provide with an
annular passage  228 adjacent the outer surface of the
heavier fluid outlet conduit 205, to provide a 15
passage for fluid to pass upwards and out of the
slurry container 118 for collection.  In operation,
fluid is removed from the separator in two ways.
First, the least  dense fluid collected in the core
region, most typically gas, passes through the ports
211 in the fluid outlet conduit 200 and flows in an
upstream direction through the cap 20 106 and into the
fluid feed pipe 208 in the liquid trap 204. The fluid
leaves the fluid  feed pipe 208 through the tangential
ports 212, imparting a rotational flow pattern to  



the fluid in the chamber 206. Dense phases, such as
liquid and any entrained solid  particles, move to the
wall of the chamber 106 and flow downwards, returning
to the  separation region within the cap 106 through
the drain ports 218 and 220 and due to 25 the angled
tangential inlet flow, is entrapped and removed in the
main flow stream, as  shown in Figures lA and 1B. The
remaining fluid, typically gas, leaves the chamber
206 through the outlet 214 and passes into the fluid
line 216. The fluid line 216 is  shaped so as to form
a gas weir 217. 30 Denser fluid leaves the separator
downstream of the core region by passing  through the
ports 213 in the heavier fluid outlet conduit 205, and
flows in a WO 2007/144631 PCT/GB2007/002220  38
downstream direction within the conduit 205 through
the slurry cage and into the fluid  line 224 via the
fluid outlet 222 in the slurry container 118. A
further embodiment of the present invention is shown
in Figure 5. The  5 system of Figure 5 comprises a
cap, a separator and a slurry cage substantially as
described hereinbefore and as shown in Figure 3 and
operates in the same general  manner as the system
shown in Figure 3. Accordingly, components common to
the  systems of both Figures 3 and 5 are indicated
using the same reference numerals.  However, the
arrangement shown in Figure 5 employs a further
alternative fluid 10 collection regime, the components
and operation of which will now be described in  more
detail. Referring to Figure 5, a fluid collection
assembly 300 extends co-axially  within the separation
region from the end of the cap 106 to the region of
the junction  15 between the separator 104 and the
slurry container 118. The fluid collection assembly
300 comprises inner and outer conduits 302 and 304
arranged concentrically so as to  form an annular
channel 306 between the two. The lower end of the
outer conduit  304 is closed. In operation, the lower
end of the outer conduit 304 will lie at the
gas/liquid level 203. A plurality of fluid ports 310
are provided in the outer conduit 20 304 and
correspond in form, arrangement and function to the
ports 211 shown in  



Figure 4 and described above. The inner conduit 302
extends within the outer conduit 304 and projects from
the lower end of the inner conduit 302, such that its
lower end is disposed below the  25 core region, when
the separator system is in operation. The inner
conduit 302 is provided in its lower end portion with
fluid ports 213 of the type described and shown  in
Figure 4. A vortex arrestor assembly 308 is disposed
on the lower end of the inner  conduit 302. 30 The cap
106 is provided with an annular liquid knockout
chamber 312  connected to the annulus 306 in the fluid
collection assembly 300. The inner conduit WO
2007/144631 PCT/GB2007/002220  39 302 extends through
the annular liquid knockout chamber 312 to a first
fluid outlet  314 in the end of the cap 106, which in
turn connects to a fluid line 316. The cap  comprises
a second fluid outlet 318 in the wall of the liquid
knockout chamber 312,  which is connected to a fluid
line 320. 5 The fluid line 316 extends from the cap
106 to a level below the effective end  of the outer
conduit 304 of the fluid outlet assembly 300. In this
way, the flow of  fluid through the fluid line 316
provides a siphon to aid fluid removal from the
separator. 10 The liquid knockout chamber 312 is
connected to the separation region within  the cap 106
by means of a plurality of fluid return ports 326. In
operation, fluid enters the fluid outlet assembly 300
through the ports 310 in  15 the outer conduit 304
from both the core region and the outer annular region
of the  separator 104. The low density fluid from the
core region passes upwards through the  annulus 306
into the liquid knockout chamber 312 in the cap 106.
In the scenario  described hereinbefore, this will
consist mostly of gas. Higher density components,
such as liquid, are removed from the low density fluid
in the liquid knockout chamber 



20 312 and return to the separation region in the cap
by way of the return ports 326. The  low density fluid
leaves the cap through the second fluid outlet 318 and
enters the  fluid line 320, which is shaped so as to
form a gas weir 217. Fluid from the annular region of
the separator is drawn into the inner conduit  25 302
and passes upwards through the cap 106 and leaves via
the first fluid outlet port  314. In the scenario
outlined above, this fluid will consist essentially of
liquid, with  some entrained gas. The remaining fluid
in the fluid line 316 is passed to downstream
equipment for further processing. 30 It has been found
that an assembly according to the present invention as
shown  in the accompanying figures can separate a
combined stream of crude oil, water and WO 2007/144631
PCT/GB2007/002220  40 solid debris at flowrates up to
25,000 BPD at very high efficiency. In addition, the
assembly can operate with a very high turn down ratio,
that is a given assembly can  operate over a wide
range of fluid flowrates. For example, the assemblies
shown in  the accompanying figures can operate as low
as 5,000 BPD to separate a combined  5 crude oil,
water and solids stream. Below these flowrates,
separation of the components due to fluid rotation
diminishes and the assembly will operate under
gravity separation principles. Accordingly, separation
at flowrates from zero upwards  may be achieved. 10
Referring to Figure 6, there is shown a separation
assembly according to the  present invention
incorporating an inlet assembly according to the final
aspect of the  present invention. Features of Figure 6
common to other embodiments of the present  invention
are indicated using the same reference numerals. The
inlet assembly, 15 generally indicated as 500,
comprises a feed conduit 502 through which a fluid to
be  separated is fed to the assembly. The inlet
assembly 500 further comprises an arcuate  conduit 504
through which fluid may be conveyed to feed pipe 124
and the inlet 126. As shown in Figure 6, the arcuate
conduit 504 extends in a helical pattern,  



20 with the fluid completing two complete turns
between the feed conduit 502 and the  inlet 126. It
will be appreciated that the arcuate conduit 504 may
be arranged in a  different configuration, for example
a helical pattern with greater or fewer turns, as  may
be required. As shown in Figure 6, the arcuate conduit
504 is a helical pipe. It  will be appreciated that an
arcuate flowpath for the fluid may be obtained by 25
providing an arcuate conduit of a different
configuration. In operation, a fluid stream to be
separated in the separation assembly first  flows
along the arcuate conduit 504, within which the
components of the fluid stream  begin to separate
according to their relative densities. Thus, the
heavier components, 30 for example liquids, such as
water, and solids, will tend towards the radially
outer  regions of the conduit. In contrast, the
lighter components, such as light liquids, for WO
2007/144631 PCT/GB2007/002220  41 example oil, and
gases, will tend to the radially inner portion of the
conduit. The  conduit 504 and the inlet 126 are
arranged such that fluid stream is properly oriented
with the flow patterns prevailing within the
separation region. Thus, the heavier  components enter
the separator 104 in a radially outer position and the
lighter 5 components enter the separator 104 in a
radially inner position. It will thus be  appreciated
that the separation initialised within the arcuate
conduit 504 supplements  the separation taking place
within the separator 104. Referring to Figures 7 and
8, there is shown a separator according to a further
10 embodiment of the present invention. The separator
has the same general  configuration as that of Figure
4 and the components common to the embodiment of
Figures 7 and 8 and Figure 4 are identified using the
same reference numerals.  Reference to the foregoing
detailed description is made with respect to these
common  features and components. The following
description relates to the features particular 15 to
the separator of Figures 7 and 8. For clarity, Figures
7 and 8 show only the internal  components of the
separation system, with the external components, such
as the inlet  assembly, and fluid and solid outlet
assemblies being omitted. 



The separation assembly of Figure 7 has a tangential
inlet assembly 602, as  20 hereinbefore described,
through which a fluid stream is introduced into the
upstream  region of the separation region. The inlet
assembly 602 has an inlet opening 604 that  opens into
the separation region some distance from the upstream
end of the separation region. A wall assembly 606 is
provided having a helically extending  guide surface
608 disposed such that incoming fluid contacts the
guide surface 608  25 and is caused to flow in a
helical pattern downwards within the separation
region. The inlet region is shown in more detail in
Figure 8, with the wall assembly 606 and  the guide
surface 608 being shown in greater detail. The
presence of the wall  assembly 606 allows the inlet
assembly 602 to be angled more closely to the
perpendicular to the longitudinal axis of the
separation region, while still allowing the 30
incoming fluid stream to develop the required helical
flow pattern within the  separation region. Thus, the
angle a of the inlet conduit as shown in Figure 8 is
WO 2007/144631 PCT/GB2007/002220  42 approximately 5.
A further effect of the wall assembly and the use of
the guide  surface 608 is to ensure that the incoming
fluid is not caused to contact and impact the  fluid
already rotating within the separation region. This in
turn reduces the shear to  which the fluid is
subjected, improving the separation efficiency of the
system. 5 The separator of Figure 7 further comprises
a slurry container 618 and slurry  collection
assembly, generally as hereinbefore described, in
particular as shown in  Figure 3B. The separator
comprises a slurry cage 620. To provide a constriction
in  the downward fluid flowpath, the slurry collection
cage 620 has its upper end closed 10 by a conical cap
622. A vent port 624 extends vertically through the
conical cap 622.  The vent port 624 in the conical cap
624 provides an outlet for fluid displaced from  the
slurry container 618. In the slurry container 618,
fluid and solid particles are caused to try and  15
concentrate on the separator axis and to flow through
the tangential slots 630 and  



enter the slurry collection cage 620, from where they
are discharged through the  slurry outlet 632. Debris
and very coarse solids in a fluid slurry do not enter
the  slurry cage 620 and are removed from the slurry
container through the debris outlet  634. The slurry
collection cage 620 of the separator assembly of
Figure 7 is extended 20 in length, compared with that
shown in Figure 3B. To reduce the rotation of the
fluid  stream in the slurry container 618 and enhance
the separation of solids and fluids, the  slurry cage
620 is provided with a plurality of baffles 640
extending radially outwards  across the slurry
container. The baffles 640 are of such a size, number
and pitch as to  ensure that the fluid stream is
sufficiently slowed but still moving enough to provide
25 for easy purging of the solid slurry through the
debris outlet 634. To enhance the separation of solids
from the fluid phases, the inner wall of the  slurry
container 618 is provided with a conical portion 650
adjacent the debris outlet  634, in order to reduce
the cross-sectional area of the slurry container in
the 30 downstream direction. 43  CLAIMS  1. A
processing assembly comprising: 5 a wellhead assembly
through which fluids are produced from a subterranean
well; a separator assembly having a fluid inlet
connected to the wellhead assembly  for receiving the
fluids produced from the well, the separator assembly
being operable  at wellhead pressure to remove well
debris entrained in the fluids to produce a solids 10
rich phase and a fluid phase, the separator assembly
comprising a fluid outlet for the  fluid phase; and a
choke assembly having an inlet connected to the fluid
outlet of the separator  assembly. 15 2. The
processing assembly according to claim 1, wherein the
separator assembly  is located subsea. 3. The
processing assembly according to claim 1, wherein the
separator assembly  



is located on a platform, the processing assembly
further comprising: 20 a fluid receiving assembly for
receiving fluids produced from a subterranean  well,
the separator assembly having a fluid inlet connected
to the fluid receiving  assembly for receiving the
fluids produced from the well. 4. A method for
separating a multiphase fluid, the fluid comprising a
relatively  25 high density component and a relatively
low density component, the method  comprising:
introducing the fluid into a separation region;
imparting a rotational movement into the multiphase
fluid; forming an outer annular region of rotating
fluid within the separation region;  30 and forming
and maintaining a core of fluid in an inner region;
wherein 44  fluid entering the separation vessel is
directed into the outer annular region;  and the
thickness of the outer annular region is such that the
high density  component is concentrated and
substantially contained within this region, the low  5
density component being concentrated in the rotating
core. 5. The method according to claim 4, wherein the
multiphase fluid comprises a  liquid phase and a
gaseous phase. 10 6. The method according to claim 4
or 5, wherein the multiphase fluid comprises  a liquid
phase and a solid phase. 7. The method according to
any of claims 4 to 6, wherein the multiphase fluid
comprises two immiscible liquid phases. 15 8. The
method according to claim 7, wherein the two
immiscible liquid phases  are oil and water. 9. The
method according to any of claims 4 to 8, wherein the
multiphase fluid is  20 produced from a subterranean
oil well. 



10. The method according to claim 9, wherein the
multiphase fluid comprises  solid formation materials
and/or solid debris. 25 11. The method according to
any of claims 4 to 10, wherein the multiphase fluid is
introduced tangentially into the separation region,
thereby causing the fluid in the  annular region to
rotate with the separation region. 12. The method
according to claim 11, wherein the multiphase fluid is
introduced  30 at an acute angle to the longitudinal
axis of the separation region, such that fluid 45
entering the separation region is not impacted by
fluid rotating in the outer annular  region. 13. The
method according to any of claims 4 to 12, wherein the
multiphase fluid is  5 introduced into the separation
region through an inlet having a rectangular cross-
section. 14. The method according to any of claims 4
to 13, wherein high density fluid and  low density
fluid is removed from a fluid collecting region
established downstream of  10 the core region. 15. The
method according to any of claims 4 to 13, wherein a
low density fluid  collecting region is established in
the region of the downstream end of the core region,
low density fluid being removed from the said
collecting region. 15 16. The method according to
claim 15, wherein a high density fluid collecting
region is established downstream of the core region,
high density fluid being removed  from the said
collecting region. 20 17. The method according to
claim 16, wherein high density fluid and low density
fluid are removed from their respective fluid
collecting regions by means of separate  conduits. 18.
The method according to claim 17, wherein the conduit
has a low density fluid  25 outlet and a high density
fluid outlet. 19. The method according to any of
claims 14 to 18, wherein fluid is removed  



through a plurality of fluid outlet apertures in the
respective conduit. 30 20. The method according to
claim 19, wherein the fluid outlet apertures are
arranged tangentially to the flow of fluid in the high
density fluid collecting region. 46  21. The method
according to claim 17, wherein high density fluid is
removed by  means of a siphon. 5 22. The method
according to claim 17, wherein, upon removal from the
separating  region, the low density fluid flows in an
upstream direction and the high density fluid  flows
in a downstream direction. 23. The method according to
any of claims 4 to 22, wherein means are provided to
10 control a vortex forming in the fluid in the
separation vessel downstream of the fluid  collecting
region. 24. The method according to any of claims 4 to
23, further comprising providing a  solid
concentrating region downstream of the annular and
core regions. 15 25. The method according to claim 24,
wherein the solid concentrating region has  a fluid
flowpath that decreases in cross-sectional area in the
direction of fluid flow.  26. The method according to
any of claims 4 to 25, further comprising providing a
20 solids separation and removal region downstream of
the core and annular regions.  27. The method
according to claim 26, wherein smaller solid particles
are caused  to leave the solids separation and removal
region through an outlet arranged centrally  within
the region. 25 28. The method according to claim 27,
wherein the outlet comprises a plurality of  solid
outlet apertures. 29. The method according to claim
28, wherein the outlet apertures are arranged  30
tangentially to the rotational flow of the fluid in
the solids separation and removal  region.  



47  30. The method according to any of claims 27 to
29, wherein larger diameter solid  particles are
removed from the outer region of the solids separation
and removal  region. 5 31. The method according to
claim 30, wherein the larger diameter solid particles
are removed through an outlet arranged tangentially to
the rotating fluid flow. 32. The method according to
claim 28, wherein the solids separation and removal
10 region is provided with an inner conduit, through
which the fluid stream is causes to  flow. 33. The
method according to claim 32, wherein the inner
conduit is provided with  a plurality of outlet
apertures forming a solid sieve. 15 34. The method
according to claim 33, wherein the outlet apertures
are arranged  tangentially to the rotating fluid flow.
35. The method according to any of claims 4 to 34,
wherein low density fluid  20 removed from the core
region is passed to a fluid separation zone, in which
high  density fluid is separated from the low density
fluid and returned to the annular region  in the
separating region. 36. The method according to any of
claims 4 to 35, wherein low density fluid is  25
removed from the core region downstream of the inlet
of the multiphase fluid and a  portion of the fluid so
removed is reintroduced into the core region adjacent
the inlet  of the multiphase phase. 37. A separation
system for a multiphase fluid containing a high
density  30 component and a low density component
comprising a separator having: a separation region; 48
an inlet for the multiphase fluid to enter the
separation region; means for imparting a rotational
movement to the multiphase fluid upon entry  



into the separation region, so as to form an outer
annular region of rotating fluid; in operation the
thickness of the outer annular region being such that
the high  5 density component is concentrated and
substantially contained within the outer  annular
region; and the low density component is concentrated
in the core region. 38. The separator system according
to claim 37, wherein the means for imparting  10 a
rotational movement to the multiphase fluid is the
fluid inlet being tangential to the  longitudinal axis
of the separation region. 39. The separator system
according to claim 38, wherein the fluid inlet is at
an  acute angle to the longitudinal axis of the
separation region. 15 40. The separator system
according to claim 38 or 39, wherein the fluid inlet
has a  rectangular cross-section. 41. The separator
system according to any of claims 37 to 40, further
comprising a  20 fluid outlet disposed in the portion
of the separation region corresponding to  downstream
of the core region, when in operation. 42. The
separator system according to claim 41, wherein the
fluid outlet is formed  in the end of a conduit
extending into the separation region. 25 43.. The
separator system according to claim 42, wherein the
conduit extends  coaxially within the separation
region. 44. The separator system according to either
of claims 42 or 43, wherein the first  30 fluid outlet
comprises a plurality of radial openings formed in the
conduit. 49  45. The separator system according to
claim 44, wherein the openings are  tangential to the
flow of fluid surrounding the conduit. 46. The
separator system according to any of claims 37 to 40,
further comprising a  5 first fluid outlet disposed in
the portion of the separation region corresponding to
the  region adjacent the downstream end of the core
region, when in operation. 



47. The separator system according to claim 46,
wherein the first fluid outlet is  formed in the end
of a conduit extending into the separation region. 10
48. The separator system according to claim 47,
wherein the conduit extends  coaxially within the
separation region. 49. The separator system according
to either of claims 47 or 48, wherein the first  15
fluid outlet comprises a plurality of radial openings
formed in the conduit. 50. The separator system
according to claim 49, wherein the openings are
tangential to the flow of fluid surrounding the
conduit. 20 51. The separator system according to any
of claims 46 to 50, further comprising a  second fluid
outlet disposed in the portion of the separation
region downstream of that  portion occupied by the
core region, when in operation. 52. The separator
system according to claim 51, wherein the second fluid
outlet is  25 formed in the end of a conduit extending
into the separation region. 53. The separator system
according to claim 52, wherein the conduit extends
coaxially within the separator region. 30 54. The
separator system according to either of claims 52 or
53, wherein the  second fluid outlet comprises a
plurality of radial openings formed in the conduit. 50
55. The separator system according to claim 54,
wherein the openings are  tangential to the flow of
fluid surrounding the conduit. 5 56. The separator
system according to any of claims 51 to 55, wherein
the first and  second fluid outlets open into the same
conduit. 57. The separator system according to claim
56, wherein the conduit has an outlet  for each of the
low density fluid and the high density fluid. 10 58.
The separator system according to any of claims 37 to
57, further comprising a  vortex controller situated
within the separation region in a position
corresponding to  downstream of the core region, when
in use. 



15 59. The separator system according to any of claims
37 to 58, further comprising a  solids concentration
region within the separation region having a
cross-sectional area  lower than the cross-sectional
area of the separation region adjacent the fluid
inlet. 60. The separator system according to claim 59,
wherein the reduced cross- 20 sectional area is
provided by a tapered portion of the wall of the
separator. 61. The separator system according to claim
59, wherein the reduced cross-section  area is
provided by a cone extending coaxially within the
separation region. 25 62. The separator system
according to any of claims 37 to 61, further
comprising a  means for separating solids from fluid
within the separation region. 63. The separator system
according to claim 62, wherein the solid separation
means comprises a conduit extending coaxially within
the separation region, the  30 conduit having a
plurality of radially extending openings. 51 64. The
separator system according to claim 63, wherein the
openings are  tangential to the flow of fluid around
the conduit. 65. The separator system according to any
of claims 62 to 64, wherein the solid  5 separation
means comprises a solid entrapment zone disposed
around the separation  region and separated from the
solid entrapment zone by a wall having a plurality of
radially extending openings. 68. The separator system
according to claim 65, wherein the openings are  10
tangential to the flow of fluid in the separation
region. 69. The separator system according to any of
claims 37 to 66, further comprising  means for
removing solid material from the separation zone
operable on an  intermittent basis. 15 70. A method
for separating solid particles from a multiphase fluid
stream, the  fluid stream comprising a liquid
component and a gas component, the method  comprising:
introducing the stream into a separation region;  



20 imparting a rotational movement into the fluid;
forming an outer annular region of rotating fluid of
predetermined thickness;  and forming and maintaining
a core of gas in an inner region; wherein liquid and
solid particles entering the separation vessel are
directed to the  25 outer annular region; and the
thickness of the outer annular region is such that the
solid particles are  concentrated and substantially
contained within this region. 71. A method of
separating a multiphase fluid stream, the method
comprising 30 introducing the stream into a separation
region in a manner to induce a rotational flow
pattern within the separation region, wherein, prior
to its introduction into the 52  separation region,
the fluid stream is caused to flow along an arcuate
flowpath, the  fluid flowing along the arcuate
flowpath in an orientation corresponding to the
rotational flow pattern within the separation region.
5 72. The method according to claim 71, wherein the
arcuate flowpath is helical.  73. The method according
to claim 71 or 72, wherein the fluid stream in the
arcuate flowpath is flowing in a laminar or
transitional flow regime. 10 74. The method according
to any of claims 71 to 73, wherein the multiphase
stream comprises at least one fluid phase and a solid
phase. 75. The method according to any of claims 71 to
74, wherein the fluid stream is  produced from a
subterranean well. 15 76. An apparatus for separating
a multiphase fluid stream, the apparatus  comprising:
a separation region; an inlet for introducing a fluid
stream into the separation region;  20 an arcuate
conduit for conveying a fluid stream to the inlet;
wherein the arcuate conduit and the inlet are arranged
to introduce the fluid  



stream into the separation region in an orientation
corresponding to that of the fluid  within the
separation region during operation. 25 77. The
apparatus according to claim 76, wherein the arcuate
conduit is helical.  30 53  78. The method according
to any of claims 4 to 12, wherein the multiphase fluid
is  introduced into the separation region so as to
contact a guide surface, the guide surface  inducing a
helical flow pattern in the fluid stream within the
separation region. 79. The separator system according
to any of claims 37 to 39, wherein the separation
region is provided with a guide adjacent the fluid
inlet, the guide having at least one  helically
extending guide surface disposed to be impacted by
fluid entering the separation  region through the
fluid inlet. 


