
48 2153249 -1- OIL RECOVERY SYSTEMS The present invention relates to oil
recovery systems. According to the present invention there is provided an
oil recovery system including an inlet for crude oil from a well, a first
separator connected to receive said crude oil admitted to said inlet and
for separation of the crude oil into gas-containing, oil- containing and
water-containing components, said first separator having a first outlet for
said gas-containing component, a second outlet for said oil-containing
component and a third outlet for said water-containing component, a second
separator of cyclone type having an inlet connected to receive said
water-containing component from said third outlet and arranged for
separating said water- containing component into a water component and an
oil component, said second separator having a fourth outlet for said
separated oil component and a fifth outlet for said water component, a
recycling line between the fifth outlet and the inlet to said cyclone
separator for selective recycling of said water component from said fifth
outlet back to the second separator, and means for controlling flow in the
recycling line such as to open the recycling line to effect return of said
water component to the second separator or to close the recycling line to
discharge the water component from said fifth outlet to a sixth outlet.
2 Preferably, the control means includes monitor means for monitoring
contaminant oil content of said water component from the second separator
and operable to 



return the water component, with contaminant oil, to the second separator
inlet in the event that the contaminant oil content is above a
predetermined level and to pass the water component to the sixth outlet in
the event that  it is below said predetermined level. The second separator
is a cyclone separator 10    or a bank of cyclone separators.  In the
latter case, the second separator may include cyclone separators connected
in parallel.  Preferably, in that event, said monitor means is arranged to
monitor the water component from one only of the bank of cyclone 15
separators. According to another aspect, there is provided a method of
recovering oil, comprising feeding crude oil from a well to a first
separator in which the crude oil separates into gas-containing,
oil-containing, and 20    water-containing components, feeding the water-
containing component to a second separator of cyclone type to separate the
component into oil and water, and selectively passing the separated water
to discharge or recycling the separated water through the second 25
separator. [ERR]    3 Embodiments of the invention will now be described by
way of example with reference to the accompanying drawings in which: Figure
1 is a diagram showing the manner of 5     interconnection of cyclone
separators in a bank of 



cyclone separators in accordance with an embodiment of the invention;
Figure 2 is a diagram showing an oil recovery system constructed in
accordance with an embodiment of the 10    invention; and Figure 3 is a
diagram like figure 2 but illustrating a modification of the system of
figure 2. In figure 1, a bank 10 of three cyclone separators 12, 14, 16 is
shown.  The cyclone separators 12, 14, 16 15    may be substantially
identical and may be of the form described in the complete specification of
Australian patent application No. 12421/83. The cyclone separators 12, 14,
16 each have a generally cylindrical first portion 18 with two 20
tangential inlets 20, 22, portion 18 leading to a narrowed "underflow"
outlet 24 at one end of the separator for outlet of a first component of a
liquid mixture to be separated, a second "overflow" outlet 26 being
provided at the other end of the separator for 25    outlet of the other
component of the liquid mixture. The outlets 24 are connected together in
parallel by a line 28 and lines 30, 32 and 34 are provided connected to
line 28 and thence to a common outlet manifold 33. Manifold 33 is connected
to an outlet pipe 35. The    4 outlets 26 are likewise connected to a
common outlet manifold 38 which leads to a second outlet 40. The
arrangement shown is intended for separating of oil and water components
from a mixture containing oil and 



5     water.  The mixture is admitted such as by use of a pump 44 to the
common inlets 20, 22 of each separator, via an inlet manifold 48. By
cyclone action, the oil components appear at the outlets 26 and are passed
to manifold 38 and thence to outlet 40.  Similarly, the 10    water
components are delivered through the outlets 24, line 28 and lines 30, 32,
34 to manifold 33 and thence to outlet pipe 35. The system shown in figure
2 is arranged for use in conjunction with an oil-well 50.  Crude oil from
the 15    oil-well is taken via the usual outlet pipe 52 to a three stage
"knockout" tank 54 in accordance with conventional practice, whereupon the
crude oil separates into layers the upper of which predominately comprises
gas 56, the intermediate of which 20    predominately oil 58 and the lower
of which is a liquid 60 which is predominately water but which may have oil
contaminant therein. The gas is taken off via a line 62 for further
processing and eventual use. whilst the oil is likewise taken off via a
line 64 for 25    further processing and eventual use.  The liquid 60 is
taken via a line 66 to a degasifier 68 of conventional form which operates
to remove trapped gas therefrom, the gas being removed via an outlet 70.
The degasified liquid in degasifier 68 is taken via a line 30    72 to the
pump 44 associated with the separator bank 10 as described previously. As
described previously also, the pump 44 is connected to the inlet manifold
48 of the bank 10.    



5 The outlet 40 from the bank 10 is taken via a line 80 to communicate with
the knockout tank 54.  The manifold 33 is, as described, connected to the
outlet pipe 35 and this terminates at a valve 36 selectively 5     operable
to connect line 35 either to an outlet 82 from the system or to a return
line 84.  Line 84 leads. from valve 36 to communicate with line 72
intermediate degasifier 68 and pump 44.  A suitable oil monitor 86 of known
type is provided connected to 10    one line 34 of the separator 10, being
one of the lines which communicates between line 28 and manifold 33.
Monitor 86 monitors the oil content of liquid passing along line 34 and is
operatively connected to valve 36 to control the valve in a manner
described 15    later. In use, liquid 60 in knockout tank 54 after passing
through the degasifier 68 is pumped into the cyclone separator bank 10 for
separation into water and oil components.  The oil components are returned
to the 20    tank 54 as described via line 80.  A separated component which
predominately comprises water appears at manifold 33 and is delivered to
pipe 35. Monitor 86 is so arranged that in the event that there is no oil
content in the component passing along pipe 35, 25    the valve 36 is
conditioned to block flow into line 84 and to cause all of the liquid
passing from lines 32, 30, 34 to manifold 33 and thence to line 35 to be
passed out outlet 82.  The monitor is operative to maintain this decoupling
of line 84 and the coupling 30    of pipe 35 and outlet 82 subject to the
condition that the monitored oil content in the component passing 



along line 34 does not exceed a predetermined level. On this predetermined
level being exceeded, monitor 86    53 6 operates to condition valve 36 to
a condition at which outlet 82 is blocked and the component liquid passes
down pipe 35 along line 84 back to line 72 from whence it is pumped by pump
44 back into manifold 48 and 5     again through the separator bank 10.
This recirculation of liquid around the loop comprising the separator bank
10, the pipe 35, line 84, line 72 and pump 44 back to the separator bank is
continued until such time as the oil content as monitored at line 34 10
falls to the predetermined level whereupon outlet of water to outlet 82 is
again resumed. The arrangement described above permits the recovery of
additional oil content from the liquid 60, which oil would not be recovered
if the liquid 60 were 15    merely discharged.  Furthermore, the
arrangement has the advantage that the discharge at outlet 82 may be
arranged to be of relatively pure water thereby avoiding pollution problems
which would otherwise exist if a substantial oil content were present in
the 20    discharged water. The monitor 86 may be of known type
particularly of the kind having mechanism for physically working the liquid
to be monitored to reduce particle size of contaminants therein. 25    The
bank 10 may be formed differently to that 



described in relation to figure 1  More particularly., as shown in the
specification of International application PCT/AU83/00028, the lines 30,
32, 34 may be replaced by respective further separators like 30
separators 12, 14, 16 each arranged to receive liquid at the inlets 20, 22
thereof from the line 28. In    54 7. this case the further separators
would have the overflow outlets 26 connected to manifold 38 and outlet 40
whilst the under flow outlets 24 would be connected to the manifold 33. 5
In figure 3 there is shown a system similar to that of figure 2.  In
figures 2 and 3, like reference numerals denote like components and the
following description is confined to matters where there are differences
between the two systems.  More particularly, in the 10    system of figure
3, the degasifier 68 is not positioned in the fluid flow path from tank 54
to pump 44 but is instead fitted to the outlet 82. Thus, the degasifier 68
receives'separated water component from * the manifold 35 and operates to
discharge gas.from the 15    water via outlet 70 and to discharge the
degasified water via an outlet 90. In this case, the lines 66 and 72 join
so that liquid  60 is passed directly from tank 54 to separator bank 10 via
pump 44.  The system of figure 3 also includes a valve 40a in line 80 which
20    is operable to variably restrict flow through the line to control
pressure at the outlet 40 of the bank 10, 



for effecting variation of the "split ratio" of the bank 10.  The split
ratio is the ratio of the quantity of liquid appearing at the outlet 40 of
bank 10 per 25    unit time to  the quantity of liquid delivered to the
bank 10 per unit time via inlet manifold 48.  Normally this ratio is
controlled to be a small value such as 1% . 'Although the systems of
figures 2 and 3 incorporate a 30    de-gasser (as shown at 68), the
de-gasser may be omitted, if desired.    -8- C L A I M S 1.   An oil
recovery system including an inlet for crude oil from a well, a first
separator connected to receive said crude oil admitted to said inlet and
for separation of the crude oil into gas- containing, oil-containing and
water-containing components, said first separator having a first outlet for
said gas-containing component, a second outlet for said oil-containing
component and a third outlet for said water-containing component, a second
separator of cyclone type having an inlet-connected to receive said
water-containing component from said third outlet and arranged for
separating said water-containing component into a water component and an
oil component, said second separator having a fourth outlet for said
separated oil component and a fifth outlet for said water component, a
recycling line between the fifth outlet and the inlet to said second
separator for selective recycling of said water component from said fifth
outlet back to the second separator, and means for controlling flow in the
recycling line such as to open the recycling line to effect return of said
water component to the 



second separator or to close the recycling line to discharge the water
component from said fifth outlet to a sixth outlet. 2.   A system according
to claim 1, wherein said control means comprises monitor means for
monitoring the contaminant oil content of said water component from the
second separator and operable to effect return of the water component, with
contaminant oil, to the second separator inlet in the event that the
contaminant oil content is above a predetermined level and to effect
passage of the water component to the sixth outlet in the event that it is
below said predetermined level. 3.   A system according to claim 1 or claim
2, comprising valve means operatively interposed between said fifth outlet,
and said recycling line and sixth outlet, and operative in one position to
couple the fifth outlet to the sixth outlet, and in a second    - 9 -
position to couple the fifth outlet to the recycling line, movement of said
valve means being responsive to said control means. 4.   A system according
to any one of claims 1 to 3, further comprising a return line leading from
said fourth outlet to said first separator whereby to return said separated
oil component to said first separator for subsequent discharge via said
second outlet. 5.   A system according to any one of claims 1 to 4, further
comprising a de-gasser between the third outlet and the inlet for the
second separator. 6.   A system according to any one of claims 1 to 4,
further comprising a de-gasser connected to the sixth outlet. 7.   A system
according to any one of claims 1 to 6, wherein the second separator
comprises a bank of cyclone separators. 



8.   A system according to claim 7, wherein the cyclone separators are
connected in parallel. 9.   A system according to claim 2 and claim 8,
wherein the monitor means is arranged to monitor the water component
discharged from one only of the parallel connected separators. 10.  A
method of recovering oil, comprising feeding crude oil from a well to a
first separator in which the crude oil separates into gas- containing,
oil-containing, and water-containing components, feeding the
water-containing component to a second separator of cyclone type to
separate the component into oil and water, and selectively passing the
separated water to discharge or recycling the separated water through the
second separator. 11.  A method according to claim 10, wherein the
separated water is discharged or recycled in accordance with the quantity
of oil still remaining in the water after separation.    -10.- 12.  An oil
recovery system substantially as hereinbefore described with reference to
Figures 2 and 3 of the accompanying drawings. [ERR]    


