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IQU SO SEPARATION

: The production fluid from an oil well includes varying
/ 5 proportions of oil, water and gas in which are entrained
| solid particles, hereinafter referred to as "sand". This

mixture is normally fed to a phase separator in which
settling under gravity occurs into an upper gaseous layer,
__ a middle oil layer, and an lower water layer. These are
10 removed through separate outlets from the separator. The
sand naturally settles out in the bottom of the water layer
in the tank and it will be undesirable to allow this to be
discharged through the water outlet, not least because the
sand particles will be coated with o0il and it is
15 unacceptable to discharge such coated particles with the
water back into the environment. Consequently the coated
sand particles are recovered from the bottom of the phase
separator and, according to one method, supplied to a
vessel fitted with impellers which rotate in opposite
20 directions to suspend the contaminated particles in water,
causing dynamic <contact of the particles, which
mechanically strips away the oil coatings from the. solid
particles. The clean solid particles may then be
discharged to the environment but the carrier water has to
25 be treated, normally by flotation, to remove the oil. This
is difficult, costly, and takes space which is at a premium

.on, for example, a marine platform.

other situations obtain where it is necessary to clean
oil-coated sand particles, for example when an 0il spillage

30 contaminates a beach. '

According to the present invention, a method for
separating oil from particles coated with oil comprises
loading the coated particles into a housing containing a
fluidising unit which has a liquid supply duct with an

35 outlet and arranged to be fed with water under pressure
from outside the housing,.and a discharge duct within the

liquid supply duct hav:.ng at 1ts end ap mle"’e pﬁrqj"e&tmg
T T “:-'; j‘ 5., é\;f ?* ? .
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carrier water f2sve® into the discharge duct and hence to a separator,
where the o0il, water and solid particles undergo

separation.

10 The fluidising unit creates a swirling vortex which
violently strips oil from the sand particles and also
discharges the o0il, water and sand without the need for any
moving parts in contact with the separated components.

Although the method may be used for example, for

15 cleaning sand from a contaminated beach after an oil spill,
or for cleaning drilling mud, so that the mud is clean
enough to be dumped, it is particularly useful for treating
the oil-coated sand sedimented in a three phase separator
for separating the components of the production fluid from

20 an oil well. Alternatively, the contaminated sand in the
production fluid may be treated by the method after
settlement of the contaminated sand from the production
fluid prior to its entry into the three phase separator.
In these cases, the water fed to the liquid supply duct of

25 the fluidising unit is preferably taken from the water
outlet of the phaée separator. This has the advantage that
the water will still be at a comparatively high
temperature, which will promote the stripping of the oil
coating from the sand particles.

30 The separator may include a centrifuge or a single
hydrocyclone stage which is arranged such that the oil is
substantially separated and reports to the overflow and the
water and sand report to the underflow. However, to
improve the separation, two hydrocyclone stages are

35 preferably provided, the first of which is a liquid/solid
separation hydrocyclone, which substantially separates

sand, which reports to the underflow from oil and wateri-
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generates sufficient centrifugal forces to cause further
scrubbing of the oil from the sand particles.

The efficiency of solid/liquid separation
hydrocyclones is critically dependent upon the density of
slurry - fed to the hydrocyclone inlet. The present
invention, utilising the special fluidising unit, is
particularly suitable for maximising the efficiency of a
solid/liquid separation hydrocyclone in the separator
because the density of the slurry discharged through the
discharge duct of the fluidising unit can be accurately
controlled by fine tuning the parameters of the fluidising
unit. The particular parameters which are either preset
for a particular system, or are adjustable to accommodate
changing conditions are the pressure/flow of the water fed
to the liquid supply duct of the fluidising unit, and the
axial separation of the outlet of the liquid supply duct
and the inlet of the discharge duct of the fluidising unit.

One aspect of the invention includes an apparatus for

carrying out the method according to the present invention,
the apparatus comprising a housing having an inlet for oil-
coated sand particles, the housing containing a fluidising
unit which has a liquid supply duct with an outlet and
arranged to be fed with water under pressure from outside
the housing, and which has a discharge duct within the
liquid supply duct and having at its end an inlet
projecting beyond the outlet of the liquid supply duct, the
discharge duct 1leading to a separator comprising a
liquid/solid separation hydrocyclone, the overflow outlet
of which leads to a liquid/liquid separation hydrocyclone.

A further aspect of the invention includes an
apparatus for carrying out the method according to the
present invention, the apparatus comprising a housing
having an inlet for 011-coated sand particles, the housing
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duct leading to a separator; feeding water to the liquid supply duct
and causing it to swirl at the outlet such that it disturbs the oi
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with aleohtlé€li anAg dtdngé®atesbe PHd |vwienvaater WHddr
pressure from outside the housing, and which has a
discharge duct within the liquid supply duct and having at
its end an inlet projecting beyond the outlet of the liquid
supply duct, the discharge duct leading to a separator; and
a three phase separator, to which an overflow from the
housing leads. This apparatus is suitable for use with the
method which treats the production fluid prior to its entry
into the three phase separator. The separator may be a
centrifuge, or a solid/liquid hydrocyclone, the overflow of
which leads to the three phase separator. Water from the
three phase separator may be supplied to the liquid supply
duct of the fluidising unit. In order to improve the
settlement of sand within the housing, the inlet for oil-
coated sand particles preferably leads to a cyclonic
separator, the underflow of which discharges sand with some
associated fluids to a lower portion of the housing, and
the overflow of which discharges o0il and water,
substantially free of sand, to an upper part of the
housing. _ ' |

This arrangement forms an independent aspect of the
present invention which may be defined as a separator for
separating solid particles from a mixture containing solid
particles and a fluid component, such as a production fluid
containing sand particles, the separator comprising a
housing having an inlet for the mixture and a separated
fluid outlet associated with an upper part of the housing;
the inlet for the mixture leading to a cyclonic separator
such that the mixture is caused to swirl in the cyclonic
separator, the cyclonic separator having an overflow for
the discharge of fluids to an upper part of the housing,
and an underflow for the discharge of solid particles and
some fluid to a lower part of the housing; and, associated
with the lower part of the housing, a fluidising unit which
has a liquid supply duct with an outlet and arranged to be
fed with liquid under pressure from outside the housing,
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be at a conpar&ﬁpaghyowhghnd which deter any solid partlcles dlscharged
from the underflow of the cyclonic separator from reaching
the upper part of the housing. If the mixture is, for

10 example, a production fluid which forms a gas core in the
cyclonic'separator, then it is advantageous to provide a
gas overflow outlet positioned on the axis of the cyclonic
separator. ' '

Alternatively the housing of the separator is formed

15 as a pressure vessel; and the cyclonic separator is at
least one hydrocyclone, the underflow outlet or outlets of
which discharge(s) into a closed underflow chamber of the
pressure vessel, in which chamber the fluidising unit is
provided.

20 If there is a bank of more than one hydrocyclone
within the pressure vessel, the inlet for the mixture to
the vessel may open into an inlet chamber and the overflow
outlets of the hydrocyclones may open into an overflow
chamber, the inlet and overflow chambers being sealed from

25 one another and from the underflow chamber.

By its nature, the hydrocyclone provides a pressure
drop from its inlet to its underflow and overflow outlets,
the pressure drop to the overflow outlet in a solid/liquid
separating cyclone, normally being greater than that

30 between the inlet and underflow chambers. Consequently,
and according to a preferred aspect of the invention, an
upper part of the underflow chamber is connected to an
overflow outlet from the vessel in order that any gas or
o0il carried through the hydrocyclone underflow into the

35 underflow chamber flows to and is entrained by the fluids
leaving the overflow outlet for fluids from the vessel.
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t éhperature, which will promote the stripping of the oil * ' -coating’fFoi
the sand particles. 30 The separator nmay include a centrifuge or a
single hydr ocycl one stage which is arranged such that the oil is
substantially separated and reports to the overflow and the wat er and
sand report to the underfl ow However, to 6 | nprove the separation,

two hydrocycl one stages are 35 referablé grovided, the first of which is
a liquid/ solid epiiekhen 2JURBEIIROAE, thAi PHeSEBELaALPRI Petyesar dhes

sand, which repgtsdiccihe tnsid fiwvet rpresidr 8hd\@h@ pressure obtaining
in the underflow chamber may be obtained by driving the

fluidising wunit with the inlet pressure, that is by

5 connecting the supply duct of the fluidising unit to a

mixture inlet line to the vessel so that a side stream of

the mixture drives the fluidising unit. In this way a

small proportion of the excess pressure in the mixture is

used up in driving the fluidising unit, without the need

10 for any separate pressure source.

Fluidising units of a type suitable for use in any
aspect of the present invention are disclosed in our
earlier US-A-4978251, 4952099 and 4992006. The fluidising
unit is capable of removing particles on line, without the

15 need to depressurise the housing.

The fluidising units of any aspect of the present
invention may be orientated with the liquid supply duct and
discharge duct opening downwardly. Alternatively, the
fluidising unit may be orientated with the liquid supply

20 duct and the discharge duct opening upwardly. In this
case, it is preferable to close the gap between the liquid
supply duct unit is not in use. The gap can be closed by
a valve which may be biased closed and forced open by
liquid in the liquid supply duct, or by the liquid supply

25 duct being movable with respect to the discharge duct to
close the gap.

In any aspect of the present invention the swirl of
the liquid at the outlet of the liquid supply duct may be
caused by inclined vanes in the liquid supply duct, and/or

30 by the liquid supply duct having a tangential inlet into a
cylindrical chamber upstream of the ligquid supply duct
outlet. '

In the fluidising unit used with any aspect of the
present invention, a jet pump can be provided on the

35 discharge duct to boost the pressure in the discharge duct.
When the discharge duct leads to a cyclone separator, the-
liquid supplied to the jet pump can be controlled to
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5 chemicals may be added to the liquid which is fed to the
liquid supply duct of the fluiéising unit.

In any aspect of the present invenﬁion, in order to
accommodate'varying sand loads, the amount of sand in the
housing may be sensed, for example using a vibrating probe

i0 to sense the level of sand or a load cell to sense the mass
of sand, so that the fluidising unit can be operated when
the amount of the sand within the housing reaches a
threshold value.

By removing abrasive particles by any aspect of the

15 present invention, expensive upstream equipment and valves
are protected from abrasive damage.

Examples of systems employing the method of the
present invention will now be described with reference to
the accompanying drawings, in which:

20 Figure 1 is a schematic diagram of a first system;

Figure 2 is a schematic diagram of a system in which
the first system is used for de-oiling sand from a phase
separator;

Figure 3 is a schematic diagram of a system in which

25 a modified version of the first system is used for de-
oiling sand to a phase sepafator;

Figure 4 is an axial section of a housing including a
sand trap which is a modified version of that shown in
Figure 3; and

30 Figure 5 is an axial section of a housing including a
sand trap which is a modified version of that shown in
Figure 3.

In Figure 1, a housing 1 has an inlet 2 for sand
contaminated with oil.

35 A fluidising unit 3 is provided within the housing 1.
The unit has a liquid outlet 4 which is fed with water by
a liquid supply duct. 5. The liquid supply duct 5 is
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liquid supply dstagethevhich is arranged to separate sand at its underflow
9 from oil and water at its overflow 10. The hydrocyclone
stage 8- has one or more solid/liquid hydrocyclones
10 typically constructed of polypropylene or a ceramic
material. The sand from the underflow 9 is discharged into
a container 11 from which it can be discarded through a
nozzle 12. Excess water can be drained through a second
nozzle 13. The oil and water from the overflow 10 of the
15 first hydrocyclone 8 are fed to a second hydrocyclone stage
14 where the water at the underflow 15 is separated from
the oil at the overflow 16. The second hydrocyclone stage
14 has one or more ligquid/liquid hydrocyclones of the type
described in GB 2221408. The hydrocyclones 8,14 may be
20 fitted with ceramic components at points of high erosion
potential.
The oil from overflow 16 will still contain some
water. It is therefore fed to a tank 17 having first 18
and second 19 chambers. The first chamber has a water
25 discharge line 20 the flow through which is controlled by
a valve 21. The second chamber 19 has an oil'discharge
line 22. An overflow line 23 leads from the housing 1 to
the first chamber 18 of the tank 17.
A water recycling system 24 is provided with a pump 25
30 which receives water from nozzle 13, underflow 15 and water
discharge line 20 and pumps it to the liquid supply duct of
the fluidising unit 3. :
In use, the sand particles contaminated with 0il are
loaded into the housing 1 through the inlet 2. Once there
35 is sufficient contaminated sand in the housiﬁg 1, the
fluidising unit 3 is activated. This involves supplying
water under pressure to the liquid supply duct 5. The
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thereby generating a precessing vortex core directly under
the inlet 7 of the discharge duct 6. The precessing vortex
core causes violent pulsating forces which both fluidise
and mix the contaminated sand in the zone of influence of
the core. The mixing action causes the, sand particles to
contact each other with sufficient energy to scrub away
some or all of the oil coating from the sand. Typically,
about half of the water fed to the fluidising unit 3 is
discharged through the discharge duct 6 with the sand
particles while the rest of the water remains in the
housing 1 in place of the discharge sand. The addition of
appropriate chemicals to the 1ligquid supply duct 5
facilitates this scrubbing action. The precessing vortex
core causes the sand and oil entrained in the water to be
discharged from the housing through discharge duct 6.

The oil, sand and water from the discharge duct 6
encounter the first hydrocyclone stage 8 where the sand is
separated from the o©il and water and reports to the
underflow 9. The oil and water report to the overflow 10
and encounter the second hydrocyclone stage 14 wherein the
water reports to the underflow 15 and the oil is discharged
through overflow 16 to the first chamber 18 of tank 17.
The valve 21 remains closed until the fluids in the first
chamber 18 reach a level to allow the upper layer of oil to
flow into the second chamber 19. The valve 21 can be
operated automatically using a level control which detects
the position of the waterjoil interface within the first
chamber 18. The oil in the second chamber 19 is discharged
through line 22 for recovery. The water from the first
chamber 18 is discharged through line 20 on opening of the
valve 21 and may be fed to the ligquid supply duct S5 of the
fluidising unit 3 through water recycling system 24, driven
by pump 25.

Figure 2 shows the system of Figure 1 being used to
de-oil sand extracted from a three phase separator 26.
Such a phase separator may be used to separate fluids from
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to a cyclonic The phase separator 26 has conventional gas 27, oil 28
and water 29 outlets. In addition, an outlet 30 leading to
housing 1 is provided for the contaminated sand which has
settled on the bottom of the tank. A water inlet 31 which
10 allows water into the phase separator 26 in order to flush
out the sand and oil through outlet 30 is connected to a
pump 32.
A load cell 33 detects the mass of the contents of
housing 1 and outputs a signal to a controller 34 whlch
15 gives an indication of the amount of sand in the housing 1.
The load cell 33 could equally be replaced by a vibrating
probe sensor within the housing 1 to detect the level of
sand within the housing 1.
The controller 34 receives additional signals from
20 first 35 and second 36 flow sensors, which detect abnormal
flow conditions in the system, and sends signals to a
plurality of valves, the pump 32 and a chemical dosing unit
37 in a manner to be described. The remainder of the
system is as described with reference to Figure 1.
25 The size of the fluidising unit used and the length of
time for which it is run depends on the content of sand
. within the o0il. For example, in an oil field where the
sand load is light (less than 0.5 tonnes/day), a fluidising
unit having an inlet 7 with a 25 mm bore may typically be
30 run for about two hours a week. Where the sand load is
medium (up to 20 tonnes/day) the same fluidising unit is
typically run for twelve hours a day. Where the sand load
is heavy (greater than 20 tonnes/day) a fluidising unit in
which the inlet 7 has a 50 or 75 mm bore might be run for
35 up to twelve hours a day.
In order to remove the sand from the phase separator
26, the pump is run at a first speed to pump water through
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fluids to a | ower portion of the housing, and the overflow of which

di scharges oil and water, 20 substantially free of sand, to an

upper part of the housi ng. This arrangenent forns as further

ct of the present invention whi chldmy be defined as a separator
separating solid particles froma m xture containing solid 25
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i scharge of s@ls ctlpar housdéngadd £ills with sand and the oily water is
‘displaced, the overall mass increases. The increasing mass

is sensed by the load cell 33 or the increasing level of -
sand is sensed by a vibrating probe, and, when the amount
10 reaches a threshold value, the controllgr 34 shuts off the
supply of water from the pump 32 to the phase separator 26
so that the flushing operation is terminated. The pump 32
is then run at a second speed which is lower than the first
speed to pump water to the liquid supply duct 5 of the
15 fluidising unit 3. This causes the contaminated sand to be
scrubbed and removed from the housing 1 and separated as
described with reference to Figure 1. If the sand load is
unusually light, the amount may not reach the threshold

value, in which case, the flushing operation will be

20 terminated by a timer.
As the fluidising unit 3 discharges the sand from the

housing 1, the amount of sand within the housing will fall
until a value is deteCted_indicating that there is no sand
present within the housing, at which point the system will

25 be shut down until the cleansing of the separator 26 is
required again.

In place of the double hydrocyclone stage 8,14 shown
in Figure 2. It is possible to use a single hydrocyclone
stage in which the oil reports to the overflow and the

30 water and sand report to the underflow.

Figure 3 shows a system for removing the bulk of the
sand, for example, particles having a diameter of more than
0.1 mm, from the production fluid of an oil well before it
enters a three phase separator. This system includes a

35 system similar to that shown in Figure 1 although it is
only shown with a single hydrocyclone stage, the overflow
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| ower part of the housing, a fluidising unit mhlch ~has a liquid supp
duct with an outlet and arranged to be fed with liquid under pressure
from out si de the housi ng, 5
and which has a discharge duct within the Ilauhd supply duct and
d an .nlet projecting beyond the
having at its e%f E%.rhlch lea%sjto theg.J inlet of the three phase separator ‘

instead of the tank.

The production fluid from the oil well enters a sand

trap 38 in the housing 1. The contaminated sand settles to
5 the bottom of the housing, whi;e the liquid part of the
production fluid overflows ffom the housing 1 through
overflow 23 which leads to the inlet of the three phase
separator 26. A detector 39 detects when the level of sand
in the housing is at a predetermined level and the
10 fluidising unit 3 is operated in the same manner as
described with reference to Figure 1. The discharge duct
6 of the fluidising unit 3 leads to a first hydrocyclone 40
which separates the sand and water, which report to the
underflow 41 from the oil and some water which report to
15 the overflow 42. The clean sand and water from the
underflow 41 encounter a degas stage 43 before being
dumped. The oil and water from overflow 42 are pumped back

to the inlet of the three phase separator 26.
Water taken from the water outlet 29 of the three
20 Phase separator 26 is fed to liquid/liquid hydrocyclone 44,
and the cleaned water from the underflow 45 is fed to the
liquid supply duct, after being supplied with the
appropriate chemicals from chemical dosing unit 37. If the
fluidising unit 3 is not being run, the operation of
25 appropriate valves ensures that the water from the
underflow 45 is not supplied to the liquid supply duct 5,
but is instead dumped after encountering degas stage 46.
0il containing a water component is discharged from the
outlet 47 of the hydrocyclone 44 and is pumped to the inlet

30 of the three phase separator 26.

A second fluidising unit 48 which operates in the same
way as the fluidising unit 3, previously described, is
provided in a trap 49 in the bottom of the three phase
separator 26. This unit 48 operates in the same way as the

35 fluidising unit 3 previously described, and is used to
Clean the three phase separator 26 during normal shut
downs, or, if for some reason sand is carried over into the
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pifovi ded in the housing 5 to provide a tortuous path to the upper part of

t housi ng for any fluid discharged fromthe underflow of the
| oni c separator, and which deter any sol.id particles discharged
it he underfl ow of the cyclonic separatoﬂ%rcwnreaching t he upper

of the housj,ng. If the mxture is,_ for_10 xampl e, .a prqQductiQ
f1ukd which forr&h’ge%af%ﬁ%_i%ﬁa}féat" %%/cﬁﬁﬁ"b stg’ﬁarg’t"&s,“’tgﬁeﬁ‘it ; 2he
advant ageous t o qomvaminated sarghsreamerdd dy ditd eteqoosi filaidd simgt heitxis
of the cyclonic inseddfgiearv?ittﬁ{' in the sam’é‘| t&égﬁé'sveéﬂaé h?rggu%rﬁ.g in{:%?e

sepgrator is for ) . as a pressure vessel; the cyclonic separa
is pt | eastfBrdigindaymitord, the underflow outlet or outlets of
whifh di schay ge(s) i If G i i ettt lopvtHaEatia @raph8s is iRLIRSEFALed
vegsel , in which, chapber the fluidis{ng unit is", R;OVJ ed. e .
in Figure 4. This shoWws a housing 1 having a fluidising

unit 3 and an overflow line 23 as shown in the previous
examples.
The inlet 2 for production fluid leads tangentially to
10 a cyclonic sepafator 50 such that the production fluid is
caused to swirl. The cyclonic separator 50 has an overflow
51 for oil, gas and some water. A second overflow 52 is
provided for gas which forms in core at the axis of the
cyclonic separator 50. A choke valve 53 controls the
15 outlet of the gas. This gas will be quite wet and will
therefore require a gas dehydration device to remove
liquids prior to the gas being set to flair. Any liquids
removed are sent to the three-phase separator 26.
The underflow 54 of the cyclonic separator discharges
20 the majority of the sand together with some water, oil and
gas towards a lower part of the housing 1. A baffle 55
distributes the sand, which is thrown outwards by the
swirling action in the cyclonic separator 50, around the
lower part of the housing 1. A series of further baffles
25 56 create a tortuous path through which any water, oil or
gas from the underflow 54 flows back to the top part of the
housing 1. This tortuous path deters the sand from
migrating to the top of the housing.
As shown a pressure vessel 1 has an inlet 2 for
30 production f£luid, leading into an inlet chamber 57 which is
sealed by walls 58 and 59 from an overflow chamber 60
having an outlet 23, and an underflow chamber 61.
Supported by' the walls 58 and 59 are a bank of
3 hydrocyclones 62, of which only two are shown. Each has
35 its inlet 63 open to the chamber 57, its overflow outlet 64
discharging into the chamber 60, and its underflow outlet
65 discharging into the chamber 61. The hydrocyclones 62
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; vuirad g9 4 / |
20 If there is a bank of nore than one hydrocycl one within th
pressure vessel, the inlet for the mxture to the vessel nay open int@
an inlet chanber and the overfl ow outlets of the hydrocycl ones may
open into an overfl ow chanmber, the inlet and overfl ow chanbers being
sealed from25 one another and from the uhlerfl ow chanber. By

its nature, the hydrocycl one provi des a,pressure deop from,its inlet
to its underfl oRFEnAERATIG PHIRILILY t0 SeHArahe.-Swd HFoB fduife the
overfl ow out | et majoxityl bd/ thqufiluid passpagaintg thel overflow ntidmbdreiaqy

Lo et 1y | "8ha’Bur B UARD AL £ OREIURIRRE QUSRITRCLE the sand

Consequent | y, and accor d fo a preferred aspe e invention, an
upper part of twdthngome Sluddandacludinghvatesy (Pllaknd gasppassesyIGhg et

fromthe vegsel ¢ha QUridirf1Al HAIMKERS €1 where OtheCabhidededimengs e the
hydr ocycl one underfl ow i nto tqe 35 %nukﬁflom/chanb
¢ 119)

fl t d i
entrai ned by t h®oHEGMYEE the e gfgprSWgoﬁg{ﬁ?Y§g§;qéﬁﬁ%h?%ﬁ%ﬁ%

the vessel . or intermittently discharged by means of a fluidising unit
3 similar to that shown in Figure 4.
The ‘primary production fluid supplied to the inlet 2
10 is via a main line 66. A branch 67 is taken off this line
and is connected to the liquid supply duct 5 via a control
valve 68 to drive the fluidising unit.
Inevitably some gas and oil will cbllect in the top of
the underflow chamber 61 and as this chamber will be at a
15 somewhat higher pressure than obtaining in the outlet
chamber 60 ahd outlet 23, it may be removed via an outlet
69 connected via a line 70 to the main outlet line 71
leaving the outlet 23. In this way the chamber 61 can be
purged of lighter fluids, heavier fluid, particularly
20 water, being discharged through the discharge duct 7 from
the fluidising unit 3.
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A further advantage of the pressure drop between t
'ductlon fluid inlet pressure and the pressure obtaining |n t he
nderf | ow chanber "nay be “obtained by driving the fluidising unit
Wth the inlet S by 5 connecting the supply duct of the
'd| Si ng um“lmgsﬂﬂ I“"u'lrm ure i nl et i’ to the vessel so that a side
e mxture drives the f léﬂhdfzﬁéng unit. In this way a

*

1. A method for separating oil from particles coated with
0il, the method comprising loading the coated particles
5 into a housing (1) containing a fluidising unit (3) which
has a 1liquid supply duct (5) with an outlet (4) and
arranged to be fed with water under pressure from outside
the housing, and a discharge duct (6) within the liquid
supply duct having at its end an inlet (7) projecting
10 beyond the outlet of the liquid supply duct, the discharge
duct leading to a separator (8,14,17,40); feeding water to
the liquid supply duct and causing it to swirl at the
outlet such that it disturbs the oil and sand particles to
cause the o0il to be stripped, at least partially, from the
15 particles, and causes the oil and sand particles entrained
in the water to travel into the discharge duct and hence to
a separator, where the o0il, water and solid particles

‘'undergo separation.

20 2. A method according to claim 1, wherein the separator
comprises a single liquid/solid hydrocyclone stage (40),
which substantially separates sand and water which report
to the underflow (41) from oil and water which report to
the overflow (42).

25
3. A method according to claim 1, wherein the separator

comprises two hydrocyclones stages (8,14) the first of
which is a liquid/solid separation hydrocyclone (8), which
substantially separates sand, which reports to the

30 underflow (9) from o0il and water which report to the
overflow (10), and the second of which is a liquid/liquid
separation hydrocyclone (14), which substantially separates |
water which reports to the underflow (15) from oil which
reports to the overflow (16).

35
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smal | proportion of the excess pressure in the mxture isPcT/E“?’uge(h /u&i]
driving the fluidising unit, wthout the need 10 for any separate
‘pressure source. Fluidising units of a type suitable for use in
any aspect of the present invention are disclosed in our earlier
US- A- 4978251, 4952099 and 4992006. The fl uild sing unit i s capable of
renmoving particles on line, wthout the 15 need to depressurise the
housi ng. 4. PhwethgrgprsrAgddmg: §oornymne Gfetheopreredipgsehains,

i nvention may Reheddigntaedwitcihathenki et Tet WP lcaudied bgnﬁincllne_dl $&hasge
i dising unit may be

duct openi ng downwar dl.y, ter at| eI t he flu
ori ent at ed vmttfq}gi %ﬁﬁqfqg %u&?)and t he di scharge duct opening

upwar dl y. In this case, |s preferable to close the gap between
the liquidg suppl %ﬁ% sghar | uj di nit
is not in Gse. “fhe %gpa{c%% césllat}'r% &8 &? V%\ﬁ (r?%g{? gié ll%;l%gs%ﬂ
cl osed and f or é@ergian the swirl at the. outlet 1s caused by the liquid

supply duct (5) having a tangential inlet into a
cylindrical chamber upstream of the liquid supply duct
outlet.

10
6. A method according to any one of the preceding claims,
wherein chemicals are added to the water which is fed to
the liquid supply duct (5) of the fluidising unit.

15 7: A method according to any one of the preceding claims,
wherein the amount of particles in the housing (1) are
sensed and the fluidising unit (3) is operated when the
amount of particles reaches a threshold valve.

20 8. An apparatus for carrying out the method according to
claim 3, the apparatus comprising a housing (1) having an
inlet (2) for oil-coated sand particles, the housing
containing a fluidising unit (3) which has a liquid supply
duct (5) with an outlet (4) and arranged to be fed with

25 water under pressure from outside the housing, and which
has a discharge duct (6) within the liquid supply duct and
having at its end an inlet (7) projecting beyond the outlet
of the liquid supply duct, the discharge duct leading to a
separator (8,14) comprising a liquid/solid separation

30 hydrocyclone (8), the overflow outlet of which leads to a
liquid/liquid separation hydrocyclone (14).

9. An apparatus for carrying out the method according to
‘any one of claims 1 to 7, the apparatus comprising a
35 housing (1) having an inlet (2) for oil-coated sand
particles, the housing containing a fluidising unit (3)
which has a liquid supply duct (5) wlth an outlet (4) and
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IC]UId in the liquid supply duct, or by the liquid supply Z?CT/CEJCt bei ng 188
vable with respect to the dlscharge duct to cl ose the gap.
any aspect of the present invention the swirl of the liquid at the
tlet of the liquid supply duct nay be caused by inclined vanes in
I quid supply duct, and/or by the ﬂ1qU|d suppl y duct haV|ng a
ential inlet y. I S
(ential 10! takfifeds o nd féé“’w"i‘fﬁ neEPRE GhalRCbEERRLE: ERGR ot ine
aspect of the theiusing, mnchiwhbich hasem sé,ﬁph@mebéuptowuemmmhmes

di sicharge duct tpidaenRst shpplpr Rfct €ahl HaiHSChEr 4@sdUtla an indlaen {‘}‘F

tor | i suppl i ed
(e eP i e et S S SIS of e 1sguld Subpli ek ol

discharge duct leading to a separator (40); and a three

phase separator (26), to Whlch an overflow (23) from the
housing leads.

10. An apparatus according to claim 9, wherein water from
10 the three phase separator (26) is supplied to the liquid
supply duct (5) of the fluidising unit (3).

11. An apparatus,adcording to claim 9 or claim 10, wherein

the inlet (2) for oil-coated sand particles leads to a

15 cyclonic separator (50,62), the underflow (54,65) of which

discharges sand with some associated fluids to a lower

~ portion of the housing (1), and the overflow (51,64) of

i which discharges oil and water, substantially free of sand,
: to an upper part of the housing.

13. An apparatus according to any one of claims 8 to 12,
wherein a jet pump is provided to boost the pressure in the

20
: 12. An apparatus according to any one of the claims 8 to
N 11, wherein the gap between the liquid supply duct (5) and
f the discharge duct (6) is closable when the fluidising unit
é_ (3) is not in use.
25
:

discharge duct (6).

ot
and

T Sy
R

30 14. A separator for separating solid particles from a

Wy T

nixture containing solid particles and a fluid component,
~ the separator comprising a housing (1) having an inlet (2)

for the mixture and a separated fluid outlet (23)
associated with an upper part of the housing; the inlet for

a

35 the mixture leading to a cyclonic separator (50,62) such

CHi

that the mixture is caused to swirl in the cyclonic
separator, the cyclonic separator having an overflow
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7~ control the liquid/solid ratio to that required by F e

separ at or .

FI/E8 94 19,

In any aspect of the present invention, to enhance

-further the scrubbing of the oil fromthe sand particles, 5 chem cal s
;-may be added to the liquid which is fed to the | i quid supply duct of

.-the fluidising unit.

order to

accommodat e varyi sand | oagds gnount .of sand_in _th
Bhousi ng may be seffectft) fRAF é‘?&nﬁ?ﬁcﬁgfﬂé %Pvfljbé{; ?ﬁ{g@ﬁr"ob‘gpfﬁ p?Stsg%lsgh? he

I n any aspec?sof the present invention, in

flevel of sand omgusitag, cehd ey suwarfikaw ng64,65) for the discharge of

[

10

15

20

25

30

35

solid particles and some fluid to a lower part of the
housing; and, associated with the 1lower part of the
housing, a fluidising unit (3) which has a liquid supply
duct (5) with an outlet (4) and arranged to be fed with
liquid under pressure from outside the housing, and which
has a discharge duct (6) within the liquid supply duct and
having at its end an inlet (7) projecting beyond the outlet
of the liquid supply duct.

15. A separator according to claim 14, wherein a plurality
of baffles (55,56) are provided in the housing (1) to
provide a. tortuous path to the upper part of the housing
for any fluid discharged from the underflow (54) of the
cyclonic separator (50), and which deter any solid
particles discharged from the underflow of the cyclonic
separator from reaching the upper part of the housing.

16. A separator according to claim 14 or claim 15, wherein
a gas. overflow outlet (52) is provided on the axis of the

cyclonic separator (50).

17. A separator according to claim 14, wherein the housing
(1) is a pressure vessel; the cyclonic separator is at
least one hydrocyclone (62), the underflow outlet or
outlets (65) of which discharge(s) into a closed underflow
chamber (61) of the pressure vessel, in which chamber the

fluidising unit (3) is provided.

18. A separator according to claim 17, wherein there are
a plurality of hydrocyclones (62), and the production fluid
inlet (2) for the mixture opens into an inlet chamber (57)
and the overflow outlets (64) of the Px?rocyclones (62)
open into an overflow chamber (60), the inlet and overflow
chambers being sealed from one anothef> and from the

underflow chamber (61).
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of sand, so that the fluidising unit can be operated \AhenPCT/GBr%llar{Dﬂnﬂ‘B 8 E
of the sand within the housing reaches a t hreshol d val ue. By
renoving abrasive particles by any aspect of the 15 present invention,
expensi ve upstream equi pnent and val ves are protected from abrasive
ge. Exanpl es of systens enpkdying the nethod of the
sent invention will now be described with reference to t he
cconpanyi ng diSawi dgseparatpiccaccopding to ¢1§ﬁk(i?lOFSCAaéyhéﬁaIWQeﬁﬁﬁgran1
fafirst SYSJ:FEIP er art of Fﬁrgé”t%d%x‘ﬁcﬁv shRaHRl §edi)agEaBbRhe8LEASESM i N
whi ch the fi g stemls used for de- 0|I|ngsﬁaﬁnd¢{);omaxgase

separ at or ; an °Verfiﬂ1°g3{1r%‘t§q% EYcHarm ith iVt ¥ neB@f ch
2 a nmodi f i Gy @l @F il Rearidilend tﬂ'u&i\ﬁjn Itﬂ’xdl&ﬂ;ﬁrftmycﬁlbane undexf 1ow

?] Egl ;8 ?ﬁgrﬁil%ﬁgepargt Or’dhe underflow gc%aembd'ezl's (%rl)axkﬂ:wgec‘éé Ognaf %

entrained by the fluids leaving the separated fluid outlet
(23).

20. A separator according to any one of claims 17 to 19,

10 wherein the supply duct (5) of the fluidising unit (3) is
connected to the production fluid inlet (2) so that a side
stream of the mixture drives the fluidising unit.

21. A separator according to any one of claims 14 to 20,
15 wherein the liquid leaving the liquid supply (5) duct is
caused to swirl.

22. A separator according to claim 21, wherein the swirl
is caused by inclined vanes in the liquid supply duct (5).

20
23. A separator according to claim 21, wherein the swirl
is caused by the liquid supply duct (5) having a tangential
inlet into a cylindrical chamber upstream of the liquid
supply duct outlet.

25

24. A separator according to any one of claims 14 to 23,
wherein chemicals are added to the liquid which is fed to
the liquid supply duct (5) of the fluidising unit (3).

30 25. A separator according to any one of claims 14 to 24,
wherein a sensor is provided to sense the amount of
-particles in the housing (1), whereby the fluidising unit
(3) is operated when the amount of particles reaches a
threshold value.

35
26. A separator according to any one of claims 14 to 25,

wherein the gap between the liquid supply duct (5) and the
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sand trap which is a nodified version of that shown in Pﬂlgﬁaegé /aRd1 83
30 Figure 5 is an axial section of a housing including a sand :
frap which is a nodified version of that shown in Figure 3.

In Figure 1, a housing 1 has an inlet 2 for sand contam nated with :
oil. 35 A fluidising unit 3 is provized within the housing 1. 1
The unit has a liquid outlet 4 which is fed with water by a liquid ‘
supply duct. 5.distharheqauetsypplis dloisablieswhen the fluidising unit (3)

is not in use.

27. A separator according to any one of claims 14 to 26,
5 wherein a jet pump is provided to boost the pressure in the
discharge duct (6).

O
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%r ovi ded with means such as inclined vanes (not shown) for VCT/GB gll}r(gﬂul 88
| ifgui d di scharged fromthe liquid outlet 4. A di schar ge duct 6 is

cated within and is coaxial with the liquid supply duct 5. The

| scharge duct 6 terminates 5 in an inlet 7 which projects beyond the

uid outlet 4. The di scharge d&tt 6 leads to a first

rocycl one stage 8 which is arranged to separate sand at its

nder f | ow 9 fromoil and water at ABSTBAGEf|ow 10. The hydrocycl one

tage 8. has one or nore solid/liquid hydrocyclones 10 typically

onstructed of polypropylene or a cera rial sand from
the underflow 9 is ERIEAS ﬁ&édqQHﬁ?nd c%??éan%}ﬁﬁr°ii FFSmkﬂ%aﬁg arft be
'di scar ded thron&hsqng (mozzzi ael:hﬁd;rsme;s:nnﬁm 4B)cas peodidédedowdrdsigthen
second I’IOZ%) O-If-h% &'xo%nsqn\é\;@t er i %'Tulrépis%.\f\%r fdn%.\% jﬂ\ﬁcd J@S the

partlcles and discharges them from the housing to a

separator, such as one or more hydrocyclones (8,14), in
which the o0il and sand particles are separated. The coated
particles can be introduced in the housing (1) via a
10 cyclonic separator (50,62) which provides some preliminary

separation.
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15 ffirst hydrocyclone 8 are fed to a second hydrocycl one stage 14
wherfe the water at the underflow 15 is separated from the oil at the
ove fl ow 16. The second hydrocycl one stage 14 has one or nore
ui d/l'iquid hydrocyclones of the type described in GB 2221408. The
@gcycl ones 8,14 may be 20 fitted wt eram ¢ conmponents at points of
er osi on potenti al . The oil fromoverflow 16 w ||
contain sone water. It is therefore fed to a tank 17 having first
and second 19 chanbers. The first chanber has a water 25

ich is controlled by a valve 21
Yschar ge line 22. An overflow |ine
the firsg chanber 18 of the tank 17.

di scharge line 20 the flowdhrou
The second chanber 19 has oi
23 |l eads fromthe housing 1\to

A wat er recycling system 'S gvi ded wi t HF¥a punp 25 30 which receives
water from nozzle 13, underfloﬁNl“ and mater\x" di scharge Iine 20 and
punps it to the liquid supply duct] of Fe—e-dome—eeecmme et
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Ui dising unit 3.
Il are
is sufficient contam nated sand in the housing 1, the

208

| i quid supply duct 5.

In use, the sand particlegcgéﬁgéaiﬁa{e% 1883

| oaded into the housing 1 through the inlet 2. Once there
fluidising
3 is activated. This involves suppl wat er under pressure to

The
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r is caused to swirl as it leaves the liquid outlet 4 her eby
geflerating a precessing vortex core directly under t he |nIet 7 of the
di/scharge duct 6. The precessing vortex core causes violent pulsating
fforces which both fluidise 5 and m x e contam nated sand in the zone
i nfl uence of the core. The m xi f§ction causes the sand particles
contact each other with sufficient energy to scrub away sone
or all of the oil coating fromthe sand. Typically, , about hal f of the
water fed to the fluidising unit 3 is 10 di schargefl through the di scharge
duct 6 wth the sand particles while the rest of the~ater renmains in
t he housing 1 in place of the discharge sand. TheJaddﬂi+eﬁ of
appropriate chemcals tre--the-+qgurd-sgpply duct 5 fge{litates this
scrubbing action. The precessingevortex 15 core usath%p sand and oi
entrained in thegater!to be ' rom&he housing through
di scharge duct 6. ! hvaten frpmthe di scharge duct
6
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unter the first hydrocycl one stage 8 where the sandi:?CT/GBs%ﬁ%ﬂ%{bd 8889
mthe oil and water and reports to the 20 underf low 9. The oil and
er report to the overflow 10 and encounter the second hydrocycl one
age 14 wherein the water reports to,the underf low 15 and the oil is
e har ged t hrough overflow 16 to f%é%;irst chanber 18 of tank 17.

valve 21 remains closed until the fluids in the first 25 chanber 18

reach a level to allow the upper layer of oil to flowinto the second
chanmber 19. The val ve 21 can be operated automatically using a |evel
control which detects the position of the water-oil interface within
the first chanber 18. The oil in the second chanber 19 is discharged
30 through line 22 for recqvery. The water fromthe first chanber
18 is discharged through |imr¢ Q4on openi ng t he val ve 21 and may be
fed to the liquid supply duct of the f-.ui di sing unit 3 through water
recycling system 24, driven by pu '

————
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Figure 2 shows the systemof Figure 1 being useopcglcagﬁleo{i’" 889

extracted froma three phase separator 26. Such a phase separator
negf be used to separate fluids from
1.6 an oil mell which are contan1na£§y th sand. The sand wil |
iel to settle to the bottom of the sepa t her eby reducing the

ective volune and cl ogging the ports of the phase separator. The
sand which is rénoved '

—————

68
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conventi ong

5 Wil be cgawm SHEETS. SG The phase separator 26 has
|
e

outlet 30 |
whi ch has m[’é@m%ﬂ orgeth. hophgom . B he tankig J gg__;f;_l_ éééﬁ
10 al | ows Wi &bstrasto t begedhase Pﬁg%ﬁr.é?or 26 in Hﬁdﬁmwﬁ ed oo 19 Phgeti1€

sand and oiil

i

| oad cell

sand in the housing 1.

vi brating

Aboo445-i IfUs

G ptopi:pagegl L. to pagedi yiat ¢r 29 oufT el REPIACEORHERTS an G '
ragddolision gaged . sv pfovi ded Mnééeﬁn%m dated, sand -

through outlet 30 is connecfed to a
[J Abst 6 surP gid e QR8s s

O R e e Ol vos an
a signal to i ves an RATEPF REGEIRThe--anptat--af-m

probe sensor within the housing 1 to detect the | evel of

ThertoaiingebrIP3 spprRATgoNal | y be repl aced by a

sand within the housing 1. The controller 34 receives additional
signals from20 fThetprXduoid crefindi B Exfdmansent oresl 1 imaludis sexying

abnor nal 5

10

15

20

25

30

35

{;i—8£9’o§£’£‘9ﬁé i gf]soiﬂ,t @%@P 548 tfég &5 rﬁgﬁiéﬁggggs entrdineq
solid particles, hereinafter referred to as "sand". This
mixture is normally fed to a phase separator in which
settling under gravity occurs into an upper gaseous layer,
a middle oil layer, and an lower water layer. These are
removed through separate outlets from the separator. The
sand naturally settles out in the bottom of the water layer
in the tank and it will be undesirable to allow this to be
discharged through the water outlet, not least because the
sand particles will be coated with oil and it is
unacceptable to discharge such coated particles with the
water back into the environment. Consequently the coated
sand particles are recovered from the bottom of the phase
separator and, according to one method, supplied to a
vessel fitted with impellers which rotate in opposite
directions to suspend the contaminated particles in water,
causing dynamic contact of the particles, which
mechanically strips away the oil coatings from the. solid
particles. The clean solid particles may then be
discharged to the environment but the carrier water has to
be treatéd, normally by flotation, to remove the o0il. This
is difficult, costly, and takes space which is at a premium
on, for example, a marine 'platform.

Other situations obtain where it is necessary to clean
oil-coated sand particles, for example when an oil spillage
contaminates a beach.

According to the present invention, a method for
separating oil from particles coated with oil comprises
loading the coated particles into a housing containing a

fluidising unit which has a liquid supply duct with an

outlet and arranged to be fed with water under pressure

from outside the housing, and 'a discharge duct within the

ligquid supply duct having at its end an inlet projecting
This is the replacement sheet
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plurality of valves, the punp 32 and a chenical dosing unit 37 in a
manner to be descri bed. The remai nder of the systemis as described
with reference to Figure 1. 25 The size of the fluidising unit used
and the length of time for which it is run depends on the content of
sand within the oil. For exanple, in gn oil field where the sand
|l oad is |ight (I ess than 0.5 tonnes/day), a fluidising unit having an

inflet 7 with a ¢ sandét? Js?%/e{y& cHd Y1 s 29 suoﬁ%fﬁc@boéé‘fe td@cly,g

week. \Were t medi u v£$ t onnes/ day) the s
f1 ui di si ng uni @uft leadipgpteald FeRATALAT t WERSRIAGUWILET (P, b%me

sand | oad %pi‘fadﬁ/c‘l{ Qirﬁlifc.%rustﬂﬁj; i#0tboBReshday) tﬁefé\h'ﬂ:ﬂéﬁ | i Fthtatt n
vvhlchthelnlet has.a 50 or 75 mmbore mght b erunfor tqtvvelve

hours a day. it disturks the il ARG AR HAF LHEes 1t “?"’H'és‘?) &Pat or
26, the pwp iber g8rfppadfi agt 1saead ;tarﬁmy\@tffohhtnugbartlcles,_ and -

causes the oil and sand particles entrained in the water to
travel into the discharge duct and hence to a separator,
where the o0il, water and solid particles undergo
separation.

10 The fluidising unit creates a swirling vortex which
violently strips oil from the sand particles and also
discharges the o0il, water and sand without the need for any
moving parts in contact with the separated components.

Although the method may be used for example, for

15 cleaning sand from a contaminated beach after an oil spill,
or for cleaning drilling mud, so that the mud is clean
enough to be dumped, it is particularly useful for treating
the oil-coated sand sedimented in a three phase separator
for separating the components of the production fluid from

20 an oil well. Alternatively, the contaminated sand in the
production fluid may be treated by the method after
settlement of the contaminated sand from the production
fluid prior to its entry into the three phase separator.
In these cases, the water fed to the liguid supply duct of

25 the fluidising unit is preferably taken from the water
outlet of the phase separator. This has the advantage that
the water will still be at a comparatively 'high
temperature, which will promote the stripping of the oil
coating from the sand particles.

30 The separator may include a centrifuge or a single
hydrocyclone stage which is arranged such that the oil is
substantially separated and reports to the overflow and the
water and sand report to the underflow. However, to
improve the separation, <two hydrocyclone stages are

35 preferably provided, the first of which is a liquid/solid
separation hydrocyclone, which substantially separates
sand, which reports to the underflow from oil and water
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the I'tne 31 to flush out the contam nated sand fromthe bottom of the
phase separator 26 through outlet 30 and into the housing 1. The heavy
sand sinks to the bottom of the housing 1, while the oily water
overflows through the 5 overflowline 23 to a slop tank, or for further
treat nent. As the housing 1 fills witlg sand and the oily water is

di spl aced, the overall nmass increases. The increasing nass I s sensed
by the | oad cewhig8B pepblt¢ tocthasowvegrfiowe, afd the second of which is a

liquid/liquid separation hydrocyclone, which substantially
separates water which reports to the underflow from oil
which reports to the overflow. The use of hydrocyclones

5 generates sufficient centrifugal forces to cause further
scrubbing of the oil from the sand particles.

The efficiency of solid/liquid separation
hydrocyclones is critically dependent upon the density of
slurry fed to the hydrocyclone inlet. The present

10 invention, utilising the special fluidising unit, is
particularly suitable for maximising the efficiency of a
solid/liquid separation hydrocyclone in the "separator
because the density of the slurry discharged through the
discharge duct of the fluidising unit can be accurately

15 controlled by fine tuning the parameters of the fluidising
unit. The particular parameters which are either preset
for a particular system, or are adjustable.to accommodate
changing conditions are the pressure/flow of the water fed
to the liquid supply duct of the fluidising unit, and the

20 axial separation of the outlet of the liquid supply duct
and the inlet of the discharge duct of the fluidising unit.

One aspect of the invention includes an apparatus for '
carrying out the method according to the present invention,
the apparatus comprising a housing having an inlet for oil-

25 coated sand particles, the housing containing a fluidising
unit which has a liquid supply duct with an outlet and
arranged to be fed with water under pressure from outside
the housing, and which has a discharge duct within the
liquid supply duct and having at its end an inlet

30 projecting beyond the outlet of the'liquid supply duct, the
discharge duct 1leading to a Separator comprising a
liquid/solid separation hydrocyclone, the overflow outlet
of which leads to a liquid/liquid separation hydrocyclone.

A further aspect of the invention includes an

35 apparatus for carrying out the method according to the ’
present invention, the apparatus comprising a housing-
having an inlet for oil-coated sand particles, the housing
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sand i*s sensed by a vibrating probe, and, when the anount 10 reaches a
threshol d value, the controller 34 shuts off the supply of water from
the punp 32 to the phase separator 26 so that the flushing operation
is termnated. The punp 32 is then run at a second speed which is

| ower than the first speed to punp watér to the liquid supply duct 5
of the 15 fluidising unit 3. This causes the contanmi nated sand to be
scrubbed and r esRVRiingnat fduiddsiing wnikdvbéghriasd ddquid syppdyi Gudt

wi th reference J&f'ﬂx&'rguk%eltf 4:}?? §fPin;ead tleS be V\/ﬁe&”%&‘ﬂ:ﬁl |v4)'at}lt1 fz %

anount may not reach the thresh val ue, in case
operation wil| BReSsure { £XemadFShde (Ghfer housing, angg f’hécf"l uPEFS| hg

unit 3 dischar gﬁ?sdﬂ&ﬁ“@@!ﬁd‘tr thmeh the 1ﬁ‘éfﬁdn§u%:pl§rh§uélﬁoaﬁa RAhvsAgdat
there is ng sartts ehd ppcLRhet PERYRCEHRI BT the SWHST 55 hber hTHRT om
will 25 be shmppiq;wauwtt | theh@isthangenduet Iémiseg)arcahOSeaSrhsor; and
a three phase separator, to which an overflow from the
housing leads. This apparatus is suitable for use with the
method which treats the production fluid prior to its entry
10 into the three phase separator.. The separator may be a
centrifuge, or a solid/liquid hydrocyclone, the overflow of
which leads to the three phase separator. Water from the
three phase separator may be supplied to the liquid supply
duct of the fluidising unit. In order to improve the
15 settlement of sand within the housing, the inlet for oil-
coated sand particles preferably leads to a cyclonic
separator, the underflow of which discharges sand with some
associated fluids to a lower portion of the housing, and
the overflow of which discharges o0il and water,
20 substantially free of sand, to an upper part of the
housing. '

This arrangement forms an independent aspect of the
present invention which may be defined as a separator for
separating solid particles from a mixture containing solid

25 particles and a fluid component, such as a production fluid
containing sand particles, the separator comprising a
housing having an inlet for the mixture and a separated
fluid outlet associated with an upper part of the housing;
the inlet for the mixture leading to a cyclonic separator

30 such that the mixture is caused to swirl in the cyclonic
separator, the cyclonic separator having an overflow for
the discharge of fluids to an upper part of the housing,
and an underflow for the discharge of solid particles and
some fluid to a lower part of the housing; and, associated

35 with the lower part of the housing, a fluidising unit which’
has a liquid supply duct with an outlet and arranged to be

fed wlth llqu;d under pressure from outside the housing,
TR ~—
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required again. In place of the double hydrocycl one stage 8, 14
shown in Figure 2. It is possible to use a single hydrocycl one

stage in which the oil reports to the overflow and the 30 water and sand
report to the underfl ow. Figure 3 shows a system for renoving the
bul k of the sand, for exanple, particbes having a dianeter of nore

t han 0.1 mm fromthe production fluid of an oil well before it

enters a threcaphashiskpheast @ .disthargestusti nditidos thg5liquydt smppilyi | ar

o oo T one" SUE! £ hyd | Ted fehd an 1nfBtYp2BJERLLHG" HRyRR0the
outlet of the liquid supply duct. .

A plurality of baffles may be provided in the housing‘

5 to provide a tortuous path to the upper part of the housing

for any fluid discharged from the underflow of the cyclonic

separator, and which deter any solid particles discharged

from the underflow of the cyclonic separator from reaching

the upper part of the housing. If the mixture is, for

10 example, a production fluid which forms a gas core in the
cyclonic separator, then it is advantageous to provide a
gas overflow outlet positioned on the axis of the cyclonic
separator.

Alternatively the housing of the separator is formed

15 as a pressure vessel; and the cyclonic separator is at
least one hydrocyclone, the underflow outlet or outlets of
which discharge(s) into a closed underflow chamber of the
pressure vessel, in which chamber the fluidising unit is
provided.

20 If there is a bank of more than one hydrocyclone
within the pressure vessel, the inlet for the mixture to
the vessel may open into an inlet chamber and the overflow
outlets of the hydrocyclones may open into an overflow
chamber, the inlet and overflow chambers being sealed from

25 one another and from the underflow chamber.

By its nature, the hydrocyclone provides a pressure
drop from its inlet to its underflow and overflow outlets,
the pressure drop to the overflow outlet in a solid/liquid
separating cyclone, normally being greater than that

30 between the inlet and underflow chambers. Consequently,
and according to a preferred aspect of the invention, an
upper part of the underflow chamber is connected to an
overflow outlet from the vessel in order that any gas or
0il carried through the hydrocyclone underflow into the

35 underflow chamber flows to and is entrained by the fluids '
leaving the overflow outlet for fluids from the vessel.

TMsistharaphwenﬁwaahﬂét
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12 @ of which leads to the inlet of the three phase separator

I nstead of the tank. The production fluid fromthe oil well
enters a sand trap 38 in the housing 1. The contam nated sand settles
to 5 the bottomof the housing, while the liquid part of the

production fluid overflows fromthe housings 1l through overfl ow 23
which leads to the inlet of the three phase separator 26. A detector
39 detects when theal furither sswantage |of ttie pressure sAuep abeteeencthe ned

(e oo L BopaEL LA FAUEEH <R brBaital B LRe' peeSaUEe BRI,
f1ui di si ng uni &n3 theadinder ey shappgro®ay ope agtained by driving the
fluidising unit with the inlet pressure, that is by
5 connecting the supply duct of the fluidising unit to a
mixture inlet line to the vessel so that a side stream of
the mixture drives the fluidising unit. In this way a
small proportion of the excess pressure in the mixture is
used up in driving the fluidising unit, without the need
10 for any separate pressure source.

Fluidising units of a type suitable for use in any
aspect of the present invention are disclosed in our
earlier US-A~4978251, 4952099 and 4992006. The fluidising
unit is capabie of removing particles on line, without the

15 need to depressurise the housing.

The fluidising units of any aspect of the present
invention may be orientated with the liquid supply duct and
discharge duct opening downwardly. Alternatively, the
fluidising unit may be orientated with the liquid supply

20 duct and the discharge duct opening upwardly. In this
case, it is preferable to close the gap between the liquid
supply duct unit is not in use. The gap can be closed by
a valve which may be biased closed and forced open by
liquid in the liquid supply duct, or by the liquid supply

25 duct being movable with respect to the discharge duct to
close the gap.

In any aspect of the present invention the swirl of
the liquid at the outlet of the liquid supply duct may be
caused by inclined vanes in the liquid supply duct, and/or

30 by the liquid supply duct having a tangential inlet into a
cylindrical chamber upstream of the liguid supply duct
outlet.

In the fluidising unit used with any aspect of the
_present invention, a jet pump can be provided on the

35  discharge duct to boost the pressure in the discharge duct. |
When the discharge duct leads to a cyclone separator, the
liquid supplied to the Jjet pump can be controlled to
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whi ch ;separat es the sand and water, which report to the underfl ow 41

fromthe oil and sone water which report to 15 the overflow 42. The
cl ean sand and water fromthe underfl ow 41 encounter a degas stage 43
bef ore being dunped. The oil and water_from overflow 42 are punped
back to the inlet of the three phase séparator 26. Wat er

taken fromthe water out]et 29 aof. the three 20 hase separator .26 is fed
to liquid/li qui?%%c?g?oﬂé%ﬁ/ so i‘gnﬁaﬁ@ c?l%eaﬁléﬂtv\gﬁgpw POmRhethe

under fl ow 45 | scyfcXbrie® ddparator) i quid supply duct, after being supplied

with the appropti ate chem cal s fram chem cal desing.unit 37. 1f the
fluidising unit 3 i rho?n%eFﬁBngn,offt h@‘%p@FSFFBS SPVEETE Ly, Y P RRCe
val ves ensur esfuntisr ttHe semthbing raffinthéeoil framdehél sandSpastioles,

supplied tg th%ﬂéﬂéﬂé%%&'u&&dé? to thQu.tlii&%J'.id‘%Fﬁgu dUmad: afd efpe
encount ering degas stage 46 ol | contalning. a wat €r conponent 1s .
di scharged frohigwld suppiy |dicky phHhithen Wi beiRg oaR1R4 and is punped to

the inlet In any aspect of the present invention, in order to
accommodate varying sand loads, the amount of sand in the

housing may be sensed, for example using a vibrating probe

10 to sense the level of sand or a load cell to sense the mass

of sand, so that the fluidising unit can be operated when

the amount of the sand within the housing reaches a

threshold value. "

By removing abrasive particles by any aspect of the

15 present invention, expensive upstream equipment and valves
are protected from abrasive damage.

Examples of systems employing the method of the
present invention will now be described with reference to
the accompanying drawings, in which:

20 Figure 1 is a schematic diagram of a first system;

Figure 2 is a schematic diagram of a system in which
the first system is used for de-oiling sand from a phase
separator; _

Figure 3 is a schematic diagram of a system in which

25 a modified version of the first system is used for de-
oiling sand to a phase separator;

Figure 4 is an axial section of a housing including a
sand trap which is a modified version of that shown in
Figure 3; and

30 Figure 5 is an axial section of a housing including a
sand trap which is a modified version of that shown in
Figure 3.

In Figure 1, a housing 1 has an inlet 2 for sand
contaminated with oil.

35 A fluidising unit 3 is provided within the housing 1. -
The unit has a liquid outlet 4 which is fed with water by
a liquid supply duct. 5. The 1liquid supply duct 5 is

This is the replacement sheet
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§0 of the three'phase'separator 26. A second fl ui di sing unit:48

whi ch operates in the sane way as the fluidising unit 3, previously
described, is provided in a trap 49 in the bottom of the three phase
separator 26. This unit 48 operates in the sane way as the 35 fluidising
unit 3 previously described, and is used to cl ean the three phase

separator 26 durlngRolTRli 1 Weans sullR"88 18ELihEal 9an8ETEnbEASRRuER ¥b S
' swirling the liquid discharged from the liquid outlet 4.
A discharge duct 6 is located within and is coaxial with
the liquid supply duct 5. The discharge duct 6 terminates
5 in an inlet 7 which projects beyond the liquid outlet 4.
The discharge duct 6 leads to a first hydrocyclone
stage 8 which is arranged to separate sand at its underflow
9 from oil and water at its overflow 10. The hydrocyclone
stage 8:' has one or more solid/liquid hydrocyclones
10 typically constructed of polypropylene or . a ceramic
material. The sand from the underflow 9 is discharged into
a container 11 from which it can be discarded through a
nozzle 12. Excess water can be drained through a second
nozzle 13. The oil and water from the overflow 10 of the
1s first hydrocyclone 8 are fed to a second hydrocyclone stage
14 where the water at the underflow 15 is separated from
the cil at the overflow 16. The second hydrocyclone stage
14 has one or more ligquid/liquid hydrocyclones of the type
described in GB 2221408. The hydrocyclones 8,14 may be
20 fitted with ceramic componénts at points of,ﬁign'erosion
potential.
The oil from overflow 16 will still contain some
water. It is therefore fed to a tank 17 having first 18
and second 19 chambers. The first chamber has a water
25 disch;rge line 20 the flow through which is controlled by
a2 valve 21. The second chamber 19 has an oil discharge
line 22. An overflow line 23 leads from the housing 1 to
the first chamber 18 of the tank 17.
A water recycling system 24 is provided with a pump 25
30 which receives water from nozzle 13, underflow 15 and water
discharge line 20 and pumps it to the ligquid supply duct of
the fluidising unit 3. :
In use, the sand particles contaminated with oil are
loaded into the housing 1 through the inlet 2. Once there
3s is sufficient contaminated sand in the housing 1, the
fluidising unit 3 is activated. This involves supplying
water under pressure to the liquid supply duct 5. The

This is the replacement sheet

Date: '} 1 JUL 1988



13 3 three phase separator 26 from the housing 1. The

contam nated sand renoved by the second fluidising unit 48 I s dealt
with in the same way as that fromthe first fluidising unit 3. 5

A nodified version of the sand trap 38 is illustrated in Figure 4.
This shows a housing 1 having a fluidisings unit 3 and an overflow |ine
23 as shown in the previous exanpl es. The inlet 2 for

production fl uivatexadss temgeed itd | swinl 145 it beaves i theepaguidr odtletich

that the produ & Aty lgeg,lér}tmcﬁlc E%%‘lskgng%[:}t %h‘éoi— h?%&éigverﬁ

50 has an overf as an one wa Secon
52 is pr o dnlet Qagfmhherdimlnzsrqm dusite 6at The nxesessingevortex

cycloni c separ Eﬁd}re s%usesb‘ Gbafﬁén‘\{abﬁﬁs?%lﬁ@n%%:%st Wi pott! elupdidde
gas.  Thi: ssg as avz\q mix e ceor;A'tl:eatmfrPated sand :m the zone of influence of
the core. The mixing action causes the. sand particles to
contact each other with sufficient energy to scrub away
some or all of the oil coating from the sand. Typically,
about half of the water fed to the fluidising unit 3 is
10 discharged through the discharge duct 6 with the sand
particles while the rest of the water remains in the
housing 1 in place of the discharge sand. The addition of
appropriate chemicals to the 1liquid supply duct 5
facilitates this scrubbing action. The precessing vortex
15 core causes the sand and oil entrained in the water to be
discharged from the housing through discharge duct 6.
The oil, sand and water from the discharge duct 6
encounter the first hydrocyclone stage 8 where the sand is
separated from the o0il and water and reports to the
20 underflow 9. The oil and water report to the overflow 10
and encounter the second hydrocyclone stage 14 wherein the
water reports to the underflow 15 and the oil is discharged
through overflow 16 to the first chamber 18 of tank 17.
The valve 21 remains closed until the fluids in the first
25 chamber 18 reach a level to allow the upper layer of oil to
flow into the second chamber 19. The valve 21 can be
operated automatically using a level control which detects
the position of the water-oil interface within the first
chamber 18. The oil in the.second chamber 19 is discharged
30 through line 22 for recovery. The water from the first
chamber 18 is discharged through line 20 on opening of the
valve 21 and may be fed to the liquid supply duct 5 of the
fluidising unit 3 through water recycling system 24, driven
by pump 25. _
35 Figure 2 shows the system of Figure 1 being used to ‘
de-oil sand extracted from a three phase separator 26.
Such a phase separator may be used to separate fluids from
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therefore require a gds dehydration device to renove liquids prior to
the gas being set to flair. Any |iquids renoved are sent to the

t hr ee- phase separator 26. The underfl ow 54 of the cyclonic
separator di scharges 20 the majority of the sand together with sone
water, oil and gas towards a |lower par¥9of the housing 1. A baffle 55
distributes the sand, which is, thrown outwards by the swrling action

in the cycl oni c2BefatatilsFhirh et fFentaninated, wikh $And e ThEsiSAgdL.

A series of furwhgl hafrid eto2Bettle Cteathea HotiswUSE Pahle (demuehcahi Qg

any water, oil oL as, fromthe ugﬁ?f éxwv54 | ows bﬁphggo t he t%

part of the ﬁSﬁEYn%?uc”‘ﬁwi ® oS5 hY BT RT s 3l SHIRFIRD MRS

mgrating to thpotts of the phasengeparator. Tisessand whpcksisr eemesed 1

has an inleg 2 Lg 139 cBﬁﬁgﬂig'QEdfb"H1ok§ad‘“9 into an inlet chanber 57
' %y walTs é gt ) 60 .

which is seal'ed and from an overf[OM/chanber
having an outlet 23, Thadohase mepadaton Rénbes eonventional gas 27, oil 28

and water 29 outlets. In addition, an ocutlet 30 leading to
housing 1 is provided for the contaminated sand which has
settled on the bottom of the tank. A water inlet 31 which
10 allows water into the phase separator 26 in order to flush
out the sand and oil through outlet 30 is connected to a
pump 32.
A load cell 33 detects the mass of the contents of
housing 1 and outputs a signal to a controller 34 which
15 gives an indication of the amount of sand in the housing 1.
- The load cell 33 could equally be replaced by a vibrating
probe sensor within the housing 1 to detect the level of
sand within the housing 1.
The controller 34 receives additional signals from
20 first 35 and second 36 flow sensors, which detect abnormal
flow conditions in the system, and sends signals to a
plurality of valves, the pump 32 and a chemical dosing unit
37 in a manner to be described. The remainder of the
system is as described with reference to Figure 1.
25 The size of the fluidising unit used and the length of
time for which it is run depends on the content of sand
. within the o0il. For example, in an oil field where the
sand load is light (less than 0.5 tonnes/day), a fluidising
unit having an inlet 7 with a 25 mm bore may typically be
30 run for about two hours a week. Where the sand load is
medium (up to 20 tonnes/day) the same fluidising unit is
typically run for twelve hours a day. Where the sand load
is heavy (greater than 20 tonnes/day) a fluidising unit in
which the inlet 7 has a 50 or 75 mm bore might be run for
35 up to twelve hours a day. '
In order to remove the sand from the phase separator
26, the pump is run at a first speed to pump water through
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éuppofted by the walls 58 and 59 are a bank of hydr ocycl ones 62, of

which only two are shown. Each has 35 its inlet 63 open to the chanber
57, its overflow outlet 64 di scharging into the chanber 60, and its
underf | ow outl et 65 di scharging into the chanber 61. The

hydr ocycl ones 62 11 14 are
designed primarily to separate sand fromfluid, the | najoritg of the
fluid passing i ket héngyaadf Ity EHishePuothe contaminated sand from the

10

15

20

25

30

35

bottom of the phase separator 26 through outlet 30 and into
the housing 1. The heavy sand sinks to the bottom of the
housing 1, while the oily water overflows through the
overflow line 23 to a slop tank, or for further treatment.
As the housing 1 fills with sand and the oily water is
displaced, the overall mass increases. The increasing mass
is sensed by the load cell 33 or the increasing level of
sand is sensed by a vibrating probe, and, when the amount
reaches a threshold value, the controller 34 shuts off the
supply of water from the pump 32 to the phase separator 26
so that the flushing operation is terminated. The pump 32
is then run at a second speed which is lower than the first
speed to pump water to the liquid supply duct 5 of the
fluidising unit 3. This causes the contaminated sand to be
scrubbed and removed from the housing 1 and separated as
described with reference to Figure 1. If the sand load is
unusually light, the amount may not reach the threshold
value, in which case, the flushing operation will be
terminated by a timer.

As the fluidising unit 3 discharges the sand from the
housing 1, the amount of sand within the housing will fall
until a value is detected'indicating that there is no sand
present within the housing, at which point the system will
be shut down until the cleansing of the separator 26 is
required again.

In place of the double hydrocyclone stage 8,14 shown
in Figure 2. It is possible to use a single hydrocyclone
stage in which the oil reports to the overflow and the
water and sand report to the underflow.

Figure 3 shows a system for removing the bulk of the
sand, for example, particles having a diameter of more than
0.1 mm, from the production fluid of an 0il well before it
enters a three phase separator. This system includes a
system similar to that shown in Figure 1 although it is
only shown with a single hydrocyclone stage, the overflow

T"bi’tho¢'p‘mﬂﬂu"nghgﬂ
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and out of the outlet 23 whilst the majority of the sand w th sone
fluid, including water, oil and gas passes into b5 t he underfl ow chanber
61 where the sand sedinents in the bottom of the chanber 61. From here
it may be continuously or intermttently discharged by neans of a
fluidising unit 3 simlar to that sho in Figure 4. The
primary production fluid supplied to the infet 2 10 Is via a main line

66. A branch 6Z¢ en Qfde t n n S tGUUE I qui d
supply duct 5 wzg %htﬁh &ﬁ%d} ngt d E%let ogr :é\l}g t he flf}%}%‘g I ng %ﬁéﬁ&'
| nevi tably sone1§§§eaﬁd°§| Ehe; ftlanl‘ol I ect in the top of t he underfl ow

chanber 61 and as thmﬁeCBieaa%t\Mohl fheiat ﬁoﬁthescaﬂwémlmr@@w

than obtaining in the put chanmber. 60 and outl et .23, it be
removed via an GhEPetd in ttb%r{ﬂﬂﬁ?élﬁéd v?ﬁea‘:PT‘Fém?Bangt ﬁénﬁa?ﬁt $ &o

line 71 5 | eanen@oﬁtltemot&ﬁ eth@3hotisihfi, s widll e che hppeiabbagtn d¥e the
purged of 1ight Sr o]:i{zlcjzjtloh tef gr ofvlelzjrifq.’owosarﬂ'gxlﬂl a{lllé/ housing 1 through
overflow 23 which leads to the inlet of the three phase
separator 26. A detector 39 detects when the level of sand
in the housing is at a predetermined 1level and the
10 fluidising unit 3 is operated in the same manner as
described witl'; reference to Figure 1. The discharge duct
6 of the fluidising unit 3 leads to a first hydrocyclone 40
which separates the sand and water, which report to the
underflow 41 from the o0il and some water which report to
15 the overflow 42. The clean sand and water from the
underflow 41 encounter a degas stage 43 before being
dunmped. The oil and water from overflow 42 are pumped back

to the inlet of the three phase separator 26.
Water taken from the water outlet 29 of the three
20 phase separator 26 is fed to liquid/liquid hydrocyclone 44,
and the cleaned water from the underflow 45 is fed to the
liguid supply duct, after being supplied with the
appropriate chemicals from chemical dosing unit 37. If the
fluidising unit 3 is not being run, the operation of
25 appropriate valves ensures that the water from the
underflow 45 is not supplied to the liquid supply duct 5,
but is instead dumpéd after encountering degas stage 46.
0il containing a water component is discharged from the
outlet 47 of the hydrocyclone 44 and is pumped to the inlet

30 of the three phase separator 26.

A second fluidising unit 48 which operates in the same
way as the fluidising unit 3, ' previously described, is
provided in a trap 49 in the bottom of the three phase
separator 26. This unit 48 operates in the same way as the.

35 fluidising unit 3 previously described, and is used to
clean the three phase separator 26 during normal shut
downs, or, if for some reason sand is carried over into the

TiHe is the replacement sheet
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éO at er, being discharged through the discharge duct?7 from t he

fluidising unit 3. CLAI V5
1. A nethod for separating oil fromparticles coated with oil, the
met hod conprising loading a slurry of the coated
i3
three phase separator 26 from the housing 1. The

10

15

20

25

30

38

contaminated sand removed by the second fluidising unit 48
is dealt with in the same way as that from the first
fluidising unit 3.

A modified version of the sand trap 38 is illustrated -
in Figure 4. This shows a housing 1 having a fluidising
unit 3 and an overflow line 23 as shown in the previous
examples.

The inlet 2 for production fluid leads tangentially to
a cyclonic separator 50 such that the production fluid is
caused to swirl. The cyclonic separator 50 has an overflow
51 for oil, gas and some water. A second overflow 52 is
provided for gas which forms in core at the axis of the
cyclonic separator 50. A choke valve 53 controls the
outlet of the gas. This gas will be quite wet and will
therefore require a gas dehydration device to remove

lliquids prior to the gas being set to flair. Any liquids
removed are sent to the three-phase separator 26.

The underflow 54 of the cyclonic separator discharges
the majority of the sand together with some water, oil and
gas towards a lower part of the housing 1. A baffle 55
distributes the sand, which is thrown outwards by the
swirling action in the cyclonic separator 50, around the
lower part of the housing 1. A series of further baffles
56 create a tortuous path through which any water, oil or
gas from the underflow 54 flows back to the top part of the
housing 1. This tortuous path deters the sand from
migrating to the top of the housing.

As shown a pressure vessel 1 has an inlet 2 for
production fluid, leading into an inlet chamber 57 which is
sealed by walls 58 and 59 from an overflow chamber 60
having an outlet 23, and an underflow chamber 61.
Supported by the walls 58 and 59 are a bank of
hydrocyclones 62, of which only two are shown. Each has
its inlet 63 open to the chamber 57, its overflow outlet 64
discharging into the chamber 60, and its underflow outlet
65 discharging into the chamber 61. The hydrocyclones 62

This is the replacenent shegt
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5 particles into a housing (1) containing a fluidising unit (3) whi ch
has a |iquid supply duct (5) with an outlet (4) and arranged to be fed
‘Wi th water under pressure from outside the housi ng, and a di scharge
duct (6) within the liquid supply duct- having at its end an inlet (7)
proj ecting beyond the 10 outlet of the |idiid supply duct, the discharge
duct | eading to a separator (8,14,17,40); selecting the axial
separation aret Heslignetd Primani 1) cEo angPRRaten sand fxom flyddar fhe

duct in accaagaegeyvg,f f\:ﬁ@efﬁiia padiensd tihts Ahifs td v £ N8y Idabed @0

of water fed to t Hé duct in accordance wi,th the 15 slurry
density; and feéﬂ@n@“ﬁa?értbﬁ enEletg Ry Wby Hﬁ%tmaJOrAHM 9§U§PﬁgsPPdto

swirl at the ouyieh s&sd fi@id;’:\ YRELEAihG gatetﬁr eatle.g andi e;lasdpatsls@cs inke
e Sl e a

?Lcn?Pﬂepg {ngéé, ﬁ §f°WCSB§E§thé%3Wh%ﬁﬁjEﬁit?EP%ssﬁﬂgﬁéﬁ Saﬁh%kﬁe’
water to travel b@ttomnd tihee clhiambear ga .duEtomaridehente may des epatinaousiiyer e
the oil, mﬂéfriﬁgggﬁfgéékéfyt&fééﬁ%f&@ﬁ”ﬁy)ﬁgﬁﬁgégf(glfluidising unit
3 similar to that shown in Figure 4.
The -primary production fluid supplied to the inlet 2
10 is via a main line 66. A branch 67 is taken off this line
and is connected to the liguid supply duct 5 via a control
_ valve 68 to drive the fluidising unit.
Inevitably some gas and oil will collect in the top of
"~ the underflow chamber 61 and as this chamber will be at a
15 somewhat higher pressure than obtaining in the outlet
chamber 60 and outlet 23, it may be removed via an outlet
69 connected via a line 70 to the main outlet line 71
leaving the outlet 23. In this way the chamber 61 can be
purged of lighter fluids, heavier fluid, particularly
20 water, being discharged through the discharge duct 7 from
the fluidising unit 3.
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2. A rret hod- accord+ng—pe claim1, wherein the separator = -- conpr i ses

single liq g sol}id h qcyc[ one stage (40), which 25 tantiall y :

separ at es s ch report to the underff

and wat er the overfl ow 12) . f!’
nes

according t

- stages (8, 14)" 't he first of which Is gralMsiuid/solid separation
hydrocyclone (8), which®- ' substantially separates sand, which reports
to the underfl ow (9) fromoil and water which report to the overflow

(10), and

ein the separator 30 conpri ses two hyt.'lroc

the sekarsthdad Worlseparatinguodll frondpaepicbés Woated with

the °* nder  Tabr{ 15hel SRR GRARK-FLn, 28HBRRE Sulf Fhabin  pareidtes

5

10

is

20

25

30

35

into a housing (1) containing a fluidising unit (3) which

to

has a 1liquid supply duct (5) with an outlet (4) and -

arranged to be fed with water under pressure from outside
the housing, and a discharge duct (6) within the liquid
supply duct having at its end an inlet (7) projecting
beyond the outlet of the ligquid supply duct, the discharge
duct leading to a separator (8,14,17,40); feeding water to
the liquid supply duct and causing it to swirl at the
outlet such that it disturbs the o0il and sand particles to
cause the o0il to be stripped, at least partially, from the
particles, and causes the 0il and sand particles entrained
in the water to travel into the discharge duct and hence to
2 separator, where the o0il, water and solid particles

‘undergo separation.

2. A method according to claim 1, wherein the separator
comprises a single liquid/sclid hydrocyclone stage (40),
which substantially separates sand and water which report
to the underflow (41) from oil and water which report to

the overflow (42).

3. - A method according to claim 1, wherein the separator
comprises two hydrocycldnes stages (8,14) the first of
which is a liquid/solid separation hydrocyclone (8), which
substantially separates sand, which reports to the
underflow (9) from oil and water which report to the
overflow (10), and the second af which is a liquid/liquid
separation hydrocyclone (14), which substantially separates
water which reports to the underflow (15) from oil which
reports to the overflow (16).

Tm-fs the replacemont sheet
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16 4. A rret d fﬁ\g@é%ﬁﬁq{e bige@ny ONE of the preceding clains,

wherein the swrl caused by inclined vanes -in the
| i quid supply duct (P \m “\‘H‘n A met hod according to any one of cl ai s
1to 3,

4. A method according to any one of the preceding clainms,
wherein the swirl at the outlet is caused by inclined vanes

in the liquid éupply duct (5).

5 5. A method according to any one of claims 1 to 3,
wherein the swirl at the. outlet is caused by the liquid
supply duct (5) having a tangential inlet into a
cylindrical chamber upstream of the liquid supply duct

ocutlet.

10
6. A method according to any one of the preceding claims,
wherein chemicals are added to the water which is fed to
the liquid supply duct (5) of the fluidising unit.

15 7. A method according to any one of the preced_ing claims,

wherein the amount of particles in the housing (1) are
sensed and the fluidising unit (3) is operated when the
amount of particles reaches a threshold valve.

20 8. An apparatus for carrying out the method according to
claim 3, the apparatus comprising a housing (1) having an
inlet (2) for oil-coated sand particles, the housing
containing a fluidising unit (3) which has a liquid supply
duct (5) with an outlet (4) and arranged to be fed with

25 water under pressure from outside the housing, and which
has a discharge duct (6) within the liquid supply duct and
having at its end an inlet (7) projecting beyond the outlet
of the liquid supply duct, the discharge duct leading to a
separator (8,14) comprising a liquid/solid separation

30 hydrocyclone (8), the overflow outlet of which leads to a
liquid/liquid separation hydrocyclone (14).

9. An apparatus for carrying out the method according to

‘any one of claims 1 to 7, the apparatus 'comprising a

35 housing (1) having an inlet (2) for oil-coated sand
particles, the housing containing a fluidising unit (3)

. which has a liquid supply duct (5) with an outlet (4) and

Thig is the. ropheement sheet S
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mherefn the swirl at the outlet is caused by the liquid suppfy duct

(5) having a tangential inlet into a cylindrical chanber upstream of

the liquid supply duct outlet. 10 6. A method according to any
one of the preceding clains, wherein chemcals are added to the water
which is fed to the liquid supply duct 1¢5) of the fluidising unit.

15 7. A method according to any one of the preceding clains,
wherei n the amowraigemhrtia deesfed with heasengurider gpressure stnaedoutsidée

R L
according to liquid supply duct and having at 1ts end an inlet (7)
projecting beyond the outlet of the liguid supply duct, the
5 discharge duct leading to a separator (40); and a three
phase separator (26), to which'an overflow (23) from the

housing leads.

10. An apparatus according to claim 9, wherein water from
10 the three phase separator (26) is supplied to the liquid
supply duct (S5) of the fluidising unit (3).

1l. An apparatus according to claim 9 or claim 10, wherein
the inlet (2) for oil-coated sand particles leads to a

15 cyclonic separator (50,62), the underflow (54,65) of which
discharges sand with some associated fluids to a lower
portion of the housing (1), and the overflow (51,64) of
which discharges oil and water, substantially free of sand,
to an upper part of the housing.

20
12. An apparatus according to any one of the claims 8 to
11, wherein the gap between the liquid supply duct (5) and
the discharge duct (6) is closable when the fluidising unit
(3) is not in use.

25
' 13. An apparatus according to any one of claims 8 to 12,
wherein a jet pump is provided to boost the pressure in the

discharge duct (6).

30 14. A separator for separating solid particles from a
mixture containing solid particles and a fluid component,
the separator comprising a housing (1) having an inlet (2)
for the mixture and a separated fluid outlet (23)
associated with an upper part of the housing; the inlet for
35 the nmixture leading to a cyclonic separator (50,62) such'
that the mixture is caused to swirl in the cyclonic
separator, the cyclonic separator hav1ng an overflow

This is the replacente, T
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claint3, the apparatus conprising a housing (1) having an inlet (2)
for oil-coated sand particles, the housing containing a fluidising
unit (3) which has a liquid supply duct (5) with an outlet (4) and
arranged to be fed with 25 water under sure from outside the housing,
and whi ch has a di scharge duct (6) w tﬁ?n the liquid supply duct and

"Taud Supply ducss, e4 4 Stk BESREEFORCoE 2 Xo Wi Lpper part 2
conprising a li q?g,ggﬁ@; daadpmtunﬁﬁwo‘hy(ﬂﬁécﬁél)orfén( gfhet h’é%ﬂgeovp

outl et of which ui q epas ahl r I
9. An appar at usS? cgrryl ﬁgje(s)uta eéjérf%% hgngﬁ'gog{?& b A 9&‘& %gﬁew)

.claims 1 to 7, hdusingpar &nds céﬁﬁPFéF‘ﬁ@da 8 nagmm) Pah’§V| Ag Q?P
H‘Liegi s.(% 3‘;?{ %Alﬁfatsdn&f&%mg uﬁﬁétwbe&hﬁ:hehf&@l% A HOTY Aty
uct (5) with an outlet (4) and arranged to be fed with
liquid under pressure from outside the housing, and which
has a discharge duct (6) within the liguid supply duct and
having at its end an inlet (7) projecting beyond the outlet
10 of the liquid supply duct.

15. A separator according to claim 14, wherein a plurality
of baffles (55,56) are provided in the housing (1) to
provide a.tortuocus path to the upper part of the housing
15 for any fluid discharged from the underflow (54) of the
cyclonic separator (50), and which deter any solid
particles discharged from the underflow of the cyclonic
separator from reaching the upper part of the housing.

20 6. A separator according to claim 14 or claim 15, wherein
a gas overflow outlet (52) is provided on the axis of the

cyclonic séparator (50).

17. A separator according to claim 14, wherein the housing
25 (1) is a pressure vessel; the cyclonic separator is at
least one hydrocyclone (62), the underflow outlet or
outlets (65) of which discharge(s) into a closed underflow
chamber (61) of the pressure vessel, in which chamber the
fluidising unit (3) is provided.
30 _
18. A separator according to claim’ 17, wherein there are
a plurality of hydrocyclones (62), and the production fluid
inlet (2) for the mixture opens intoc an inlet chamber (57)
and the overflow outlets (64) of the hydrocyclones (62)
35 open into an overflow chamber (60), the inlet and overflm\;
chambers being sealed from one another and from the
underflow chamber (61).

This is the replacement sheet
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whi ch* has a liquid supply duct (5) with an outlet (4) and

17 arranged to be fed with water under pressure from outside
t he housi ng, and which has a discharge duct (6) within the l'iquid
supply duct and having at its end an inlet (7) proj ecting beyond the

outlet of the liquid supply duct, the 5 18 scharge duct |leading to a

separator (40); and a three , ) . )
' 19. A separator according to claim 17 or claim 18, wherein

an upper part of the underflow chamber (61) is connected to
an overfldw outlet (69) from the vessel (1) in order tha;
any gas or oil carried through the hydroéyclone underflow
S (65) into the underflow chamber (61) flows to and is
entrained by the fluids leaving the separated fluid outlet

(23) .

20. A separator according to any one of claims 17 to 19,

10 wherein the supply duct (5) of the fluidising unit (3) is
connected to the production fluid inlet (2) so that a side
stream of the mixture drives the fluidising unit.

21. A separator according to any one of claims 14 to 20,
15 wherein the liquid leaving the liquid supply (S5) duct is
caused to swirl.

22. A separator according to claim 21, wherein the swirl
is caused by inclined vanes in the liquid supply duct (5).

20
23. A separator according to claim 21, wherein the swirl
is caused by the liquid supply duct (5) having a tangential
inlet into a cylindrical chamber upstream of the liquid
supply duct outlet.

25

24. A separator according to any one of claims 14 to 23,
wherein chemicals are added to the liquid which is fed to
the liquid supply duct (5) of the fluidising unit (3).

30 25. A separator according to any one of claims 14 to 24,
wherein a sensor is provided to sense the amount of
-particles in the housing (1), whereby the fluidising unit
(3) is operated when the amount of particles reaches a
threshold value.

35
26. A separator according to any one of claims 14 to 25,
wherein the gap between the liquid supply duct (5) and the

e o therepecoment sheet | NN ANT AN 0
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phaseiseparator (26), to which an overflow (23) fromthe housi ng

| eads. 10. An apparatus according to claim9, wherein water from 10
the three phase separator (26) is supplied to the liquid suppl y duct
(5) of the fluidising unit (3). 11. An apparatus according to claim
9 or claim 10, wherein the inlet (2) for oi | -coated sand particles

| eads to a 15 cycl oni ¢ separator (50, 62), Qhe underfl ow (54, 65) of which
di scharges sand,with sone aSSOCIated UId a | ower ortion, of the
housing (1), and*$FRaEIe P4 ( 11645:5-81531’ e "’Rﬁf’cﬁh&%"{:‘h’a‘? DiYnighd3)

wat er, substantialﬁqtfiﬁeugé.sand to an upper part of the housing. 20
27. A separator according to any one of claims 14 to 26,

5 wherein a jet pump is provided to boost the pressure in the -
discharge duct (6).

Thig is the' replacement sheet
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1

12. An apparatus according to any one of the clains 8 to 11, wherein
the gap between the |iquid supply duct (5) and t he di scharge duct (6)
is closable when the fluidising unit (3) is not in use. 25 13. An
apparatus according to any one of clains 8 to 12, wherein a jet punp
is provided to boost the pressure in the di scharge duct (6). 30

14. A separator for separating solid partF%Les froma m xture

containing solid particles and a fluid ggggﬁg@gt, the separator

conprising a housing (1) having an inle for the mxture and a
separated fluid outlet (23) associ ated with an upper part of the

housi ng; the inlet %95:t§§1es“2>‘% @%&réoéeé&'ﬁﬂtﬁooil%gemhh SEPLA AP a:
(50, 62) such that the mxture 1s caused to swrl e cyclonic
housing (1). A fluidising unit (3) is provided towards the
5 bottom of the housing. The fluidising unit fluidises the
particles and discharges them from the housing to a
separator, such as one or more hydrocyclones (8,14), in
which the o0il and sand particles are separated. The coated
particles can be introduced in the housing (1) via a
10 cyclonic separator (50,62) which provides some preliminary

separation.

This is the replacement sheet
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separétor, t he cycl onic separator having an overfl ow
(51,64) for the discharge of fluids to an upper

and an underf
sone fluid to a | ower part of, the

| ower part of the 5
duct (5) with an outlet (4) and arranged to be fed with

suppl y

housi ng,

| ow (54, 65) for the discharge of

housi ng;
a fluidising uni
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| i qui d under pressure from outside the housing, and which has a

di scharge duct (6) within the liquid supply duct and having at its end
an inlet (7) projecting beyond the outlet 10 of the liquid supply duct.
15. A separator according to claim 14, wherein a plurality of baffles
(55,56) are provided in the housing (1) to provi de a. tortuous path to
t he upper part of the housing 15 for any fluid discharged fromthe
underfl ow (54) of the cyclonic seﬁa?dfor (50), and which deter any
solid particles discharged fromthe underf |ow of the cyclonic
separator fromreaching the upper part of the housing. 20 1653 A
separator according to claim 14 or claim 15, wherein a gas q¥erflow
outlet (52) is provided on the axis of the \
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cycl oni c separator (50). 17. A separator according to claim 14,
wherei n the housing 25 (1) is a pressure vessel; the cyclonic separator

is at- | east one hydrocycl one (62), the underflow outlet or
outlets (65) of which discharge(s) into a closed underfl ow chanber
(61) of the pressure vessel, in which chanber the fluidising unit (3)
I's provided. 30 18. A separator actcbrding to claim 17, wherein there
are a plurality of hydrocyclones (62), and the production fluid
inlet (2) for the mxture opens into an inlet chanbef (57) . and the
overflow outlets (64) of the hydrocyclones (62) 35 ,open into an overflow
chanber (60), the inlet and overfl ow chanbers bEipg Seal ed from one
anot her and fromthe r___ugge_r_j_l_gyv_guanber (61). N\ i
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19 19. A separator according to claim1l7 or claim 18, wherein

an upper part of the underf |ow chanber (61) is connected to . an
overflow outlet (69) fromthe vessel (1) in order that any gas or oi
carried through the hydrocycl one underflow 5 (65) into the underfl ow
chamber (61) flows to and is entrained by the fluids |eaving the
separated fluid outl et 4

Fig.4.

:‘5.3
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(23). 20. A separator according to any one of clains 17 to 19, 10
wherein the supply duct (5) of the fluidising unit (3) is connected to
‘the production fluid inlet (2) so that a side stream of the m xture
drives the fluidising unit. 21. A separator according to any one of
claims 14 to 20, 15 wherein the liquid leaving the liquid supply (5) duct
IS caused to swirl. 22. A separator according to claim 21
wherein the swrl i s caused by inclined vanes in the liquid supply
duct (5). 20 =3 -




23, - A separ at of accord| ng to claim21, wherein the swrl I s caused by
t®e 1iquid supply duct (5) having a tangent I al inlet into a
cylindrical chanber upstreamof the |iquid supply duct outlet. 25

24. A separator according to any one of clainms 14 to 23, wherein
chemicals are added to the liquid which is 4ed to the Iiquid supply

duct (5) of the fluidising unit (3 30 D. r, A

any one of cl ai fig"93t4nga fluid ePRLY §éﬁ§8rﬁi’s§ %ﬁb\%‘g’ gtﬁgg&gnse 1%he
amount of pith i eahesutldtheambustngngdd, taherebfedhe ithyihtemgunden
(3) is operat ed %\@g\_‘gge ntoﬁs%tlt@lleesh(g@@qb@s aand whilegRShrid a

val ue. A separator according_to a, one .of ine, 14 to 25
dlscharge duct within thegllqul supply du % and having at

5 its end an inlet projecting beyond the outlet of the liquid

supply duct, the discharge duct leading to a separator; and

a three phase separator, to which an overflow from the

housing leads. This apparatus is suitable for use with the

method which treats the production fluid prior to its entry

10 into the three phase separator. Thelseparator may be a

centrifuge, or a solid/liquid hydrocyclone, the overflow of

which leads to the three phase separator. Water from the

three phase separator may be supplied to the liquid supply

duct of the fluidising unit.- In order to improve the

1S settlement of sand within the housing, the inlet for oil-

coated sand particles preferably leads to a cyclonic

separator, the underflow of which discharges sand with some

associated fluids to a lower portion of the housing, and

the overflow of which discharges oil and water,

20 substantially free of sand, to an upper part of the
housing. /ALA(lLI

This arrangement forms an irBependent aspect of the

present invention which may be defined as a separator for

separating solid particles from a mixture containing solid

25 particles and a fluid component, such as a production fluid

contéining sand particles, the separator comprising a

housing having an inlet for the mixture and a separated

fluid outlet associated with an upper part of the housing;

the inlet for the mixture leading to a cyclonic separator

30 such that the mixture is caused to swirl in the cyclonic

separator, the cyclonic separator having an overflow for
the discharge of fluids to an upper part of the housing,
and an underflow for the discharge of solid particles and
some fluid to a lower part of the housing; and, associated
35 with the lower part of the housing, a fluidising unit which
has a liquid supply duct with an outlet and arranged to be

fed with lithe the housing,
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mhereln the gap between the |iquid supply duct (5) and the _ _
di scharge duct (6) is closable when the fluidising unit (3) S

20°
not

i n use.

10

15

20

25

30

35

4

27. A separator according to any one of clains 14 to 26,

6

A further advantage of the préssure drop between the
production fluid inlet pressure and the pressure obtaining
in the underflow chamber may be obtained by driving the
fluidising unit with the inlet pressure, that is by
connecting the supply duct of the fluidising unit to a
mixture inlet line to the vessel so that a side stream of
the mixture drives the fluidising unit. In this way a
small proportion of the excess pressure in the mixture is
used up in driving the fluidising unit, without the need
for any separate pressure source.

Fluidising units of a type suitable for use in any
aspect of the present invention are disclosed in our
earlier US-A-4978251, 4952099 and 4992006. The fluidising
unit is capable of removing particles on line, without the
need to depressurise the housing.

The fluidising units of any aspect of the present
invention may be orientated with the liquid supply duct and
discharge duct opening downwardly. Alternatively, the
fluidising unit may be orientated with the liquid supply
duct and the discharge duct opening upwardly. In this
case, J.t is preferable tgkﬁose th5 gap between the liquid
supply duct unlt 1s no in use. he gan can be closed by
a valve which may be biased closed and forced open by
liquid in the liquid supply duct, or by the liquid supply
duct being movable with respect to the discharge duct to
close the gap.

In any aspect of the present invention the swirl of
the liquid at the outlet of the liquid supply duct may be
caused by inclined vanes in the liquid supply duct, and/or
by the liquid supply duct having a tangen:ial inlet into a
€ylindrical chamber upstream of the liquid supply duct
outlet.

 In the fluidising unit used with any aspect of the
present invention, a jet pump can be provided on the

ggdischarge duct tc boost the pressure in the discharge duct.
' When the discharge duct leads to a cyclone'sepérator, the

liquid supplied to the jet puﬁp can be controlled to
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5. \;\./nerei'-n ajet punp is provided to boost the pressure in the
di'schar ge duct (6).
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are designed primarily to separateé sand from fluid, the
majority of the fluid passing into the overflow chamber 60
and out of the outlet 23 whilst the majority of the sand
with some fluid, including water, oil and gas pasées into
the underflow chamber 61 where the sand sediments in the
bottom of the chamber 61. From here it may be continuously
or intermittently discharged by means of a fluidising unit
3 similar to that shown in Figqure 4.

The primary precduction fluid supplied to the inlet 2
is via a main line 66. A branch 67 is taken off this line
and is connected to the liquid supply duct 5 via a control
valve 68 to drive the fluidising unit.

Inevitably some gas and cil will collect in the top of
the underflow chamber 61 and as this chamber will ke at a
somewhat higher pressure than obtaining in the outlet
chamber 60 and outlet 23, it may be removed via an outlet
€9 connected via a line 70 to the main outlet line 71
leaving the outlet 23. In this way the chamber 61 can be
purged of lighter fluids, heavier fluid, partiiflarly
water, being discharged through the discharge duct 7 from
the fluidising unit 3.
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CLAIMS "

1. A method for separating oil from particles coated with
oil, the method comprising loading a slurry of the coated
particles into a housing (1) containing a fluidising unit (3)
which has a liquid supply duct (5) with an outlet (4) and
arranged to be fed with water under pressure from outside the
housing, and a discharge duct (6) within the liquid supply
duct having ét its end an inlet (7) projecting beyond the
outlet of the liquid supply duct, the discharge duct leading
to a separator (8,14,17,40); selecting the axial separation
of the liquid supply duct and the inlet of the discharge duct
in accordance with the slurry density; selecting the flow rate
of water fed to the liquid supply duct in accordance with the
slurry density; and feeding water to the liquid supply duct

and causing it to sWirl at the outlet such that a vortex is
created which disturbs the oil and particles to cause the oil

to be stripped, at least partially, from the particles, and
causes the oil and particles entrained in the water to travel
into the discharge duct and hence to a separator, where the
oil, water and solid particles undergo separation.

2. A method according to claim 1, wherein the separator
comprises a single liquid/solid hydrocyclone stage (40), which
substantially separates sand and water which report to the
underflow (41) from oil and water which report to the overflow
(42).

3. A method according to claim 1, wherein the separator
comprises two hydrocyclones stages (8,14) the first of which
is -a liquid/solid separation hydrocyclone (8), which
substantially separates sand, which reports to the underflow
(9) from oil and water which report to the overflow (10), and
the second of which is a liquid/liquid separation hydrocyclone
(14), which substantially separates water which reports to the
underflow (15) from oil which reports to the overflow (16).
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4. A method according to any one of the preceding claims,
wherein the swirl at the outlet is caused by inclined vanes

in the liquid supply duct (S5).

5. A method according to any one of claims 1 to 3,
wherein the swirl at the outlet is caused by the liquid
supply duct (5) having a tangential inlet into a
cylindrical chamber upstream of the liquid supply duct
outlet. ' '

6. A method according to any one of the preceding claims,
wherein chemicals are added to the water which is fed to
the liquid supply duct (5) of the fluidising unit.

7. A method according to any one of the preceding claims,
wherein the amount of particles in the housing (1) are
sensed and the fluidising unit (3) is operated when the
amount of particles reaches a threshold val;E.

-8. An apparatus for carrying out the method according to

claim 3, the apparatus comprising a housing (1) having an
inlet (2) for oil-coated sand particles, the housing
containing a fluidising unit (3) which has a liquid supply
duct (35) with an outlet (4) and arranged to be fed with
water under pressure from outside the housing, and which
has a discharge duct (6) within the liquid supply duct and
having at its end an inlet (7) projecting beyond the outlet
of the liquid supply duct, the discharge duct leading to a
separator (8,14) comprising a 1liquid/solid separation
hydrocyclone (8), the overflow outlet of which leads ﬁo a
liguid/liquid separatioh hydrocyclone (14).

9. An apparatus for carrying out the method according to
any one of claims 1 to 7, the apparatus comprising a
housing (1) having an inlet (2) for oil-coated sand
particles; the housing containing a fluidising unit (3)

which has a liquid supply du=t (S) with an outlet (4) and

This s the "W.M
9% JUN ot



