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(54) Apparatus for pumping well effluents

(57) The apparatus comprises a cylindrical housing 6 containing a fluid motor 6A and a pump 6B driven thereby. The
housing is retrievably located in cup-shaped base unit 5 with an annular space therebetween divided into separate sections
by sealing means 8. The section 10 receives effluents from the well via tree 2 and conduits 25, 14 and communicates with
pump inlet 15. The pump discharge passes from outlet 16 through section 11 to conduits 17, 23. Driving fluid for the motor
is delivered via conduit 18 and section 12 to the motor inlet 19 and spent fluid leaving the motor outlet 20 is discharged via
section 13 and conduit 21. Two such apparatus 3, 4 may be provided. A passage may be provided between the motor
outlet 20 and the pump inlet 15 to maintain an acceptable gasfliquid ratio in the pump. Various other passage connections
between the motor driving fluid and the pump inlet are described (Figs. 2 to 4), as is a connection for recirculating water
discharged from the pump back to the pump inlet (Fig. 5).
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APPARATUS FOR PUMPING WELL EFFLUENTS

The invention relates to an apparatus for pumping effluents
from a well or a cluster of wells and for boosting their pressure
in order to transfer them to a process facility.

The invention relates more in particular to a pumping
apparatus comprising a fluid motor and a rotary pump driven
thereby. Fluid driven pumps of this type may be employed to produce
hydrocarbons in their natural form from oil fields. These
hydrocarbons may contain crude oil, natural gas, water and some
solids like sand and salt.

The varying composition and gas content of the pumped well
effluents make pumping difficult and it is known from US patent
specification No. 2,470,878 and from European patent application
87400158.9 *(publication No. 0236166, publication date: 9th
September, 1987) that it may be advantageous to mix some of the
driving liquid with the well effluents in order to increase the
liquid content thereof. In view of the harsh operating conditions
regular maintenance and inspection of the pumping equipment is
required.

If the pump forms part of a pump station at a remote location,

such as at a subsea wellhead retrieval of the pump for maintenance

‘or inspection may be a cumbersome and difficult operation.

Accordingly it is an object of the present invention to
provide an apparatus for pumping well effluents which can be easily
installed and replaced.

The pumping apparatus according to the invention comprises
- a cylindrical housing having disposed therein a fluid motor

and a rotary pump driven thereby,

- a vertically oriented cup-shaped base unit in which said

cylindrical housing is retrievably secured such that a space
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is left therebetween,

- a plurality of sealing means for dividing said space into at
least three hydraulically separated sectiomns, a first of said
sections providing fluid communication between an end of an
effluent feed conduit passing through the wall of said base
unit and an effluent inlet of said pump passing through said
housing, a second of said sections providing fluid
communication between an end of an effluent exhaust conduit
passing through the wall of the base unit and an effluent
outlet of said pump passing through said housing, and a third
of said sections providing fluid communication between an end
of a power liquid feed conduit passing through the wall of
said base unit and a fluid inlet of said motor passing through
said housing.

The arrangement of the fluid motor and rotary pump in a
cylindrical housing which is releasably secured in a cup-shaped
base unit has the principal advantage that the housing can be
easily removed from and inserted into the base via the open top
thereof.

It is observed that it is known from US patent specification
No. 2,269,189 to arrange a cylindrical pump-driver unit inside a
production tubing within a well. A difficulty éncountered with the
known tool is that if the unit has to be retrieved or replaced the
well has to be shut down and the wellhead has to be opened, which
is a time consuming and therefore costly operation, in particular
for offshore fields. Further disadvantages of the known tool are
that it obstructs wireline operations in the well and that the
confined space within a well tubing prescribes a small diameter of
the unit and therefore a limited pump flow rate. The diameter of
the retrievable housing of the apparatus according to the
invention, on the other hand, can be tailored to the required size
of the rotor of the pump or motor to accomplish an optimum flow
rate and hydraulic head. It is preferred to use in the apparatus
according to the invention purified water as power liquid. If water

injection wells are present in the oil field from which the
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effluents are produced the power fluid feed pipe could form part of
a water injection system and a fourth section could be present
between said base and the cylindrical pump/motor housing to
discharge the water from the outlet of the fluid motor into a power
liquid exhaust line which leads to é water injection well. In that
case some of the exhaust water from the fluid motor could be mixed
up with the well effluents in order to maintain the liquid content
thereof at such a level that they remain pumpable by the rotary
pump even in case the effluents would occassionally contain 100%
gas. Mixing up of purified water with the well effluents has the
advantage that it can be easily removed from said effluents in an
0il water separator without causing scaling problems in the
separator and in other processing equipment.

It is furthermore preferred that said space betweén the base
and pump/driver housing is an annular space which is divided bywé
series of sealing rings on the cylindrical housing into a series of
vertically spaced hydraulically separated sections. In this
preferred configuration of the apparatus no longitudinal forces due
to fluid pressure of the driving fluid and well effluents are
exerted to the retrievable housing so that said housing can be
locked to the base unit by a simple mechanical device and no
pressure relief devices are needed to relieve pressure induced
longitudinal forces during retrieval of the pump/driver housing
from the base unit.

It is furthermore preferred to arrange said annular sections
such that the third annular section, in which said power liquid
feed pipe discharges, is located above said other sections of said
annular space. If in that case water is used as power liquid a high
pressure water jacket is created in said third section which
prevents that even if the seals would fail leakage of well
effluents into the environment occurs.

These and otﬁer objects and advantages of the apparatus
according to the invention will be evident from the following
detailed description read in conjunction with the accompanying

drawings, in which:
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- Fig. 1 shows a schematic perspective view of a wellhead on -
which two pumping apparatuses according to the invention are
mounted;

- Fig; 2 shows an embodiment of the apparatus of the invention
where the fluid motor is powered by well injection water;

- Fig. 3 shows an embodiment of the apparatus where low pressure
water is tapped from the fluid motor for injection into the
pump;

- Fig. 4 shows an embodiment of the apparatus where water is
tapped from the inlet of the motor for injection into the
pump; and

- Fig. 5 shows an embodiment of the apparatus where some liquids
are extracted from the pumped fluids by means of a liquid
extractor and thereafter re-injected at the pump inlet thereby
éuaranteeing an appropriate liquid content at said pump inlet.
Referring now to Fig. 1 there is shown a subsea wellhead

comprising a tree base 1 and a tree 2. Two fluid driven pumping

apparatuses according to the invention 3, 4, respectively, are

mounted on'the tree base 1 adjacent to the tree 2.

The apparatus 3 comprises a cup-shaped base unit 5, which is
shown in a partly broken-away view, and a cylindrical housing 6
having disposed therein a fluid motor 6A and a rotary pump 6B
driven thereby.

The cup-shaped base unit 5 has a vertical orientation and
comprises at the upper end thereof a guide funnel 7 to allow easy
insertion of the housing 6 into the base unit 5.

On the outer surface of the cylindrical housing 6 there are
mounted five sealing ring units 8 which divide an annular space 9
left between the cylindrical housing 6 and the inner side of the
side wall of the cup-shaped base unit 5 into four vertically spaced
and hydraulically separated sections 10, 11, 12 and 13,
respectively.

Section 10, the first section of the annular space, provides

fluid communication between an end of an effluent feed conduit 14

e
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passing through the wall of the base unit 5 and a fluid inlet 15 of
the pump 6B.

Section 11, the second section of the annular space,provides
fluid communication between an end of an effluent outlet 16 of the
pump and an effluent exhaust conduit 17 passing through the wall of
the base unit 5. Section 12, the third section of the annular space,
provides fluid communication between an end of a power liquid feed
conduit 18 passing through the side wall of the base unit 5 and a
liquid inlet 19 of the motor 6A. Section 13, the fourth section of
the annular space, provides fluid communication between a liquid
outlet 20 of the motor and a power liquid exhaust conduit 21.

The second pumping apparatus 4 is identical to the first
pumping apparatus 3 and as can be seen in the drawing the effluent
exhaust conduits 17 and 22 thereof are connected to a common
effluent exhaust pipe 23 which may lead to process facilities (not
shown) on an offshore platform or other structure or onshore. As
can further be seen the effluent feed conduit 14 of the first
pumping apparatus 3 and the.effluent feed conduit 24 of the second
pumping apparatus 4 are connected to the well tree 2 via a T-joint
25. The effluent feed conduits 14, 24 comprise each a wing valve 26
for controlling the flow of effluents towards a desired pumping
apparatus. The well tree 2 further comprises a master valve 29
which also serves to control the flow of effluents from the well
into the apparatuses 3 and 4, and a swab valve 30 which allows
removal of the tree cap 31 from the tree 2 without the risk of
escape of well effluents into the environment. The power liquid
exhaust conduit 21 of the first pumping apparatus 3 may be
connected to the power liquid exhaust conduit (not shown) of the
second pumping apparatus 4 and may lead to a water injection well
(not shown) if water is used as power liquid.

As can be seen in the cut-away view of the apparatus 3 the
arrangement of the third section 12 above the other sections 10, 11
and 13 of the annular space has the advantage that if water is used

as power liquid a jacket of pressurized water is created in said
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third section 12 which prevents that even if the seal units 8 would
fail well effluents would leak into the environment.

An advantage of the division of the annular space into annular
sections 10, 11, 12 and 13 via which the well effluents and power
liquid are fed into and discharged from the apparatus is that
during normal use no longitudinal forces due to elevated fluid
pressures are exerted to the retrievable cylindrical housing 6.
Therefore only a simple mechanical device (not shown), such as a
snap-type locking device, is required to lock the housing 6 to the
base unit 5 and possibly energise the seal units 8. Moreover, if
the housing 6 is to be retrieved from the base unit 5 no pressure
relief devices are needed to relieve pressure induced longitudinal
forces. Thus it can be seen that the housing 6 can easily be
installed in and retrieved from the base unit 5 by means of a
simple maintenance or interface tool 27 which can be secured to the
upper end of the housing 6 and which, if the apparatus is installed
at an underwater location can be diver operated, drill string
operated or operated by a remotely operated vehicle (ROV).

It is” advantageous that the liquid motor 6A be a turbine,

mounted at the same shaft 28 as the pump turbine 6B. In this manner

a compact pump-driver unit is created which can be easily installed

in and retrieved from the cylindrical housing 6.

To accomplish an acceptable gas/liquid ratio that can be
tolerated by the pump 6B, even if the well effluents contain 100%
gas a fluid passage (not shown) is arranged in the housing 6
between the fluid outlet 20 of the motor 6A and the fluid inlet 15
of the pump 6B.

The fluid passage comprises a regulating device which controls
the amount of water exhausted from the motor into the pump such
that in the normal operating mode when the well effluents comprise
only a minor gas ratio the fluid passage is closed and no water is
mixed up with the well effluents but if incidentally the gas ratio
of the well effluents rises such that a proper operation of the
pump would be hampered water is mixed up with the effluents to

maintain the gas/liquid ratio at an acceptable value.
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During production of well effluents normally only one pumping
apparatus 3 or 4 will be in operation, the second one is started
only when the first one fails to operate properly and therefore
needs to be replaced. Alternatively both apparatuses may be in
operation simultaneously while they are linked either in parallel
or in series to the underwater flowline 23.

As illustrated in Figures 2, 3, 4 and 5 there are various
possible ways of mixing up part the injection water with the well
effluents.

Figure 2 shows schematically an oil production system where
well effluents are produced from a subsea production well 40 and
pumped by a subsea booster station comprising a pumping apparatus
according to the invention 41 via a subsea pipeline 42 to process
facilities 43 on an offshore platform (not shown).

The process facilities may comprise an oil water separator
train, degasifier and dewaxing facilities. Water is injected into
the oil field via a subsea water injection well 44 which is linked
via a first and a second water injection pipeline 46, 47,
respectively, to a water injection pumping station 48. The water
injection pumping station 48 is coupled to water treatment
facilities 49 in which sea water is suitably purified before
transferring it to the water injection well 44,

The pumping apparatus 41 comprises a rotary pump 50 and a
fluid motor 51 of the turbine type which are mounted on a single
shaft, schematically represented by phantom line 53.

The pumping apparatus 41 further comprises a first regulating
device 55 which separates the flow of injection water from the
first water injection pipeline 46 into two streams, one of which
feeding the water injection well 44 via the second water injection
pipeline 47 and another stream feeding the fluid motor 51 via a
water inlet 56 thereof. The motor exhaust water is discharged via a
water outlet 58. The water outlet 58 comprises a second regulating
device 60 which exhausts all or part of the exhaust water into the
pump inlet 62, whereas it injects the remaining exhaust water into

the second water injection pipeline 47. The configuration of the
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pumping apparatus shown in Fig. 2 is attractive in a situation
where large quantities of injection water are injected into an oil
field, whereas only a minor portion of the flow of injection water
is necessary to activate the fluid motor 51 and to be mixed up with
the well effluents. An advantage of tapping the water from the
outlet of the turbine motor 51 is that at this location the water
has a lower pressure than at the inlet of the turbine motor, so
that it is avoided that pressurized water is injected into the pump
inlet 62 which would reduce the productivity of the well 40. The
two regulating devices 55 and 60 may be piloted by control means
which are actuated by the gas-liquid ratio at the pump inlet 62,
the rotational speed of the shaft 53 and the flowrate of the well
effluents.

Fig. 3 shows an alternative configuration of the pumping
apparatus according to the invention. In this configuration all of
the injection water injected via a first water injection pipeline
70 is fed to the turbine motor 72 of the apparatus. Part of the
injected water is discharged from the turbine motor via a first
water outl:t 73 which taps the water at a suitably located point in
the turbine motor and feeds the water injection well via a second
water injection pipeline 74, whereas the remaining injected water
is discharged from the turbine motor via a second water outlet 75
and feeds the water to the fluid inlet 78 of the pump 79. An
advantage of tapping the water from a suitably located point in the
turbine is that the power fluid is at high pressure which is
advantageous for water injection purposes. A regulating device (not
shown) will control the amount of fluid injected in the pump inlet
78.

Fig. 4 shows yet another embodiment of the apparatus according
to the invention. In this configuration part of the injection water
is tapped from a first water injection pipeline 80 by a regulating
device 81 which feeds the tapped water to the inlet 82 of the pump.
The remaining water is fed to the turbine motor 83 and injected via
a second water injection pipeline 85 into a water injection well
(not shown). Thus it can be seen that there are various possible

ways to split the stream of injection water into a stream which is
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injected into the oil field and, which may simultaneously be
utilized to drive the pumping apparatus and into a stream which is
injected into the well effluents to increase the liquid-gas ratio
thereof.

It will be understood that the regulating device or devices
for controlling the separation of the streams of injection water
may be mounted outside the pumping apparatus or either in the base
unit or in the cylindrical housing thereof. It is preferred to
mount the regulating device in the cylindrical housing because the
housing can easily be retrieved for maintenance and repair.

It will further be understood that during production of well
effluents from an offshore oil field in which water is injected to

boost the oil recovery use of injection water to drive the pumping

‘apparatus provides significant cost savings in view of the absence

of a separate link between the platform and the subsea production
well to supply energy to the apparatus. It will further be appreci-
ated that the injection water may contain surfactants or additives
such as de-emulsifier. However, it is important that the water is
suitably treated before mixing it up with the well effluents
because the presence of untreated seawater in the well effluents
could cause excessive corrosion of and scale deposits the pump, the
pipeline, in the oil-water separator and other processing equipment.
Fig. 5 shows a pump 90 powered by a motor 91. Power is supplied
to the motor through power supply conduit 92. The motor 91 may be a
turbine motor driven by gas injected into a well for providing a
gas lift for raising well effluents to the surface. Some of the
liquids exhausted from the pump are extracted from the multiphase
flow at the pump outlet 93 by means of a liquid extractor 94 and
injected in the pump inlet 95 by means of a liquid feed-back loop
96. The liquid flow in that loop is controlled by a regulating
device 97. Thus it can be seen that even without mixing water with
produced well effluents, the pump can be fed with a fluid of a
suitable gas-liquid ratio. This option is particularly attractive
when there is gas injection and no water injection in the consi-

dered field.
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The pumping apparatus according to the invention may be
utilized in offshore and onshore oil production operations. A key
feature of the apparatus is that it comprises a cylindrical
pump-motor housing which can be easily retrieved from and inserted
into a cup shaped base unit. Said retrieving and insertion
operations may be carried out by remotely operated equipment, or by
operating personnel without requiring access into the well or

requiring time consuming well shut down and dismantling operatlons

a3
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CLAIMS

1. An apparatus for pumping well effluents through a flowline

comprising:

- a cylindrical housing having disposed therein a fluid motor

and a rotary pump driven thereby,

- a vertically oriented cup-shaped base unit in which said
cylindrical housing is retrievably secured such that a space
is left therebetween,

- a plurality of seaiing means for dividing said space into at
least three hydraulically separated sections, a first of said
sections providing fluid communication between an end of an
effluent feed conduit passing through the wall of said base
unit and an effluent inlet of said pump passing through said
housing, a second of said sections providing fluid
commuhication between an end of an effluent exhaust conduit
passing through the wall of the base unit and an effluent
outlet of said pump passing through said housing, and a third
of said sections providing fluid communication between an end
of a power liquid feed conduit passing through the wall of
said base unit and a fluid inlet of said motor passing through
said housing.

2. The apparatus of claim 1 wherein said space is divided by said

sealing means into four hydraulically separated sections, the

fourth of said sections providing fluid communication between an
end of a power liquid exhaust conduit passing through the wall of
said base unit and a fluid inlet of said motor.

3. The apparatus of claim 1 wherein said space is an annular

space located between the cylindrical housing and the side wall of

said cup-shaped base unit.

4, The apparatus of claim 3 wherein said sealing means consist of

a series of sealing rings which are mounted on said cylindrical
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housing and which divide said annular space into a series of
vertically spaced hydraulically separated sections.

5. The apparatus of claim 4, wherein said third section is
located above said other sections of said annular space.

6. The apparatus of claim 5, wherein said power liquid feed
conduit is connected to a water purification apparatus.

7. The apéaratus of claims 2 and 6 wherein said power liquid
exhaust conduit is connected to a water injection well.

8. The apparatus of claim 2 wherein said housing comprises a
fluid passage interconnecting said fluid outlet of the motor and
the fluid inlet of the pump.

9. The apparatus of claim 1 wherein said housing comprises a
fluid passage interconnecting the fluid inlet of the motor and the
fluid inlet of the pump.

10. The apparatus of claim 8 or 9 wherein said fluid passage
comprises a fluid flow regulating device.

11. The apparatus of claim 1 wherein a liquid extractor is
connected to the effluent outlet of the pump and a liquid feed back
conduit is arranged between the liquid extractor and the effluent
inlet of the pump.

12. An apparatus according to claim 1, substantially as described

with reference to the accompanying drawings.
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