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Affer reaching a high Jevel control
unit (40), a pump (32) discharges
the Jiquid from the second reservoir
(12) to the first reservoir (10). The
increased pressure generated in
the first reservoir (10) eventually
exceeds the downstream pressure at
the discharge check valve (24) and
the fluid in the upper portion of the
reservoir (10) is displaced from the
42 reservoir (10) into and through the
discharge flow line (22) for delivery
1o an external point.

™30

JP 2004-506139 A 2004.2.26



[ B
L T e T e T e T e T e T e T e T e T e B s B e O e T e T e T e, T e, TR e T e, IO e T e T e O e T e R e R e |

10

15

20

25

(14)

WO 02/12724 PCT/US00/34328

A SYSTEM AND METHOD FOR COMPRESSING A FLUID

Cross Reference to Related Application

This application claims priority of provisional application S.N. 60/222,864 filed on

August 4, 2000.
General Description .

This invention relates to a system and method for compressing fluid to enable it to be

discharged from the system and transferred to an external delivery point.
Brief Description of the Drawings

Figs. 1 and 2 diagrammatic views depicting two alternative embodiments of the system

and method of the present invention.
" Detailed Description

Referring to Fig. 1 of the drawings, two fluid reservoirs 10 and 12 are provided with the
reservoir 10 located above the reservoir 12. The lower portion of the reservoir 10 is connected
to the reservoir 12 by a fluid flow line 14a, and the upper portion of the reservoir 10 is
connected to the reservoir 12 by a flow linel4h. Two valves 16a and 16b are disposed the flow
lines 14a and 14b, and are movable between an open position in which they permit fluid flow
through the lines 14a and 14b, respectively, and a closed position in which they prevent flow
though the lines.

A relatively low-pressure fluid is introduced into the reservoirs 10 and 12 through a
flow line 18 and two branch flow lines 18a and 18b, respectively. The fluid can be a single-
phase fiuid, i.e., either liquid or gas, or a biphase fluid containing liquid and gas, such as an
vunprocessed fluid from a subsurface well. Two check valves 20a and 20b are disposed in the
branch flow lines 18a and 18b, respectively, to insure unidirectional flow through the flow lines
in a direction indicated by the arrows.

A discharge flow line 22 extends from the reservoir 10, and a check valve 24 is disposed
in the flow Iine 22 to insure unidirectional flow through the flow line in a direction indicated by

the arrow.

JP 2004-506139 A 2004.2.26
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Another flow line 30 extends from the bottom of the reservoir 12 to the bottom of the
reservoir 10, and a rotary pump 32 is connected in the flow line 30 to pump the fluid from the
reservoir 12 to the reservoir 10. A check valve 84 is located in the line 30 to insure
unidirectional flow of the flnid through the flow line 30.

A level control unit 36 is associated with the lower portion of the reservoir 12 and
operates in a conventional manner to sense the level in the reservoir falling below a
predetermined value and generate an output signal. The unit 36 is connected to the pump 32,
via an electrical conductor 38 (shown dashed), and a sensor, or the like, (not shown) is
associated with the pump, and is connected to the econductor 38, for responding to the output
signal and shutting down the pump when the fluid level in the reservoir falls below the
predetermined value.

The unit 36 is also electrically conmected to the valve 16a, viaa branch of the electrical
conductor 38; and a sensor, or the like (not shown), is associated with the latter valve and is
connected o the branch conductor, for responding to the latter output signal and operating the
valve in a manner to be described. It is also understood that the level control unit 36 can also
be connected to the valve 16b in a similar manner to operate the valve, but this is not shown in
Fig. 1 in the interest of clarity.

A level control unit 40 is associated with the upper portion of the reservoir 12 and
operates in a conventional manner to sense the level in the reservoir rising ahove a
predetermined value and general an output signal. The unit 40 is electrically connected to the
pump 32, via ah electrical conductor 42 (shown dashed); and a sensor, or the like (not shown) is
associated with the pump, and is connected to the conductor 42, for responding to the latter
output signal and starting the pump when the fluid level in the reservoir rises above the
predetermined value.

The unit 40 is also electrically connected to the valve 16a, via a branch of the electrical
conductor 42; and a sensor, or the like (not shown), is associated with the latter valve and is
com_;ected to the branch conductor, for responding to the latter output signal and operating the
valve in a manner to be deseribed. It is also understood that the level control unit 40 can also .

JP 2004-506139 A 2004.2.26
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be connected to the valve 16b in a similar manner to operate the valve, but this is not shown in
Fig. 1 in the interest of clarity.

In operation, it will be assumed that the system is in an inactive mode, and the
reservoirs 10 and 12 contain a biphase fluid at the inlet pressure in line 18. The liquid portion
of the biphase fluid in hoth reservoirs 10 and 12 descends to the lower portion of each reservoir
by gravity and the gaseous portion accumulates in the upper portion of each reservoir.

At the beginning of the cycle, the valves 16a and 16b are closed and additional fluid is
introduced into the reservoirs 10 and 12, via the flow lines 18a and 18b, or by fluid from an
external source until the fluid level in the reservoir 12 reaches the above-mentioned,
predetermined, relatively high level so that the control unit 40 responds and activates the pump
32.

The pump 32 thus pumps the liquid in the lower portion of the reservoir 12 through the
flow line 30, to the lower portion of the reservoir 10. This liquid entering the reservoir 10
compresses the liquid and gas in the latter reservoir to increase the fluid pressure in the
reservoir 10. When the pressure in the reservoir 10 exceeds the downstream pressure at the
discharge check valve 24, the fluid in the upper portion of the reservoir 10, which is largely gas,
is displaced from the reservoir 10 into and through the discharge flow line 22. Also, since the
fluid level in the reservoir 10 will increase, some liquid will also flow into and through the
discharge flow line 22. Since this fluid in the discharge flow line 22 is at a relatively high
pressure, it can flow to an external delivery point.

During the above operation, the pressure in the reservoir 10 is increased and the
pressure in the reservoir 12 is reduced. When the pressure in the reservoir 12 reduces to a
value that is lower than the pressure in the line 18, additional fluid from the line 18 passes into
the reservoir 12, via the flow line 18b. This operation continues until the fluid level in the

reservoir 12 drops to a predetermined, relatively low, level as sensed by the level control unit
36. When this happens, the pump 32 is turned off in the manner described above.

The valves 16a and 16b are then opened to respectively allow the fluid, which is largely

liquid, in the lower portion of the reservoir 10 to flow, by gravity, to the reservoir 12.via the

JP 2004-506139 A 2004.2.26
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flow line 14a, and the fluid, which is largely gas, in the upper portion of the reservoir 10 to flow,
via the flow line 14b, to the reservoir 12, to replace the displaced liquid in the reservoir and
equalize the pressures between the reservoirs 10 and 12. When this occurs, the system reaches
the inactive state, as discussed above, and is ready for a new cycle.

An alternate embodiment is shown in Fig. 2 according to which two fluid reservoirs 50
and 52 are provided in a side-by-side relationship with their respective upper portions being
cormected together by two flow lines 54 and 55. Two check valves 56a and 56b are connected in
the flow line 54 and two check valves 57a and 57b are connected in the flow line 55. The check
valves 56a, 56b, 57a, and 57b are constructed and arranged in a manner to permit
unidirectional flow through the flow lines 54 and 55 in a direction indicated by the arrows.

A flow line 58 connects with the flow line 54, and a discharge flow line 60 extends from
the flow line 55. A fluid is selectively introduced into the reservoirs 50 and/or 52, via the line
58, and fluid discharges from the reservoirs via the line 60 under conditions to be described.
The fluid can be a single-phase fluid, i.e,, either liquid or gas, or a biphase fluid consisting of
liquid and gas, such as an unprocessed fluid from a subsurface well.

A flow line 66 also connects the lower portions of the reservoirs 50 and 52, and a three-
way valve 67 is connected to the flow line 66. A flow line 70 extends between the valve 67 and a2
rotary pump 72 that is switchable between two operating modes in which it pumps liquid in two
directions, respectively, in a manner to be described. A flow line 74 is also connected to the
pump 72 and splits into two branch flow lines 74a and 74b, with a three-way valve 75 being
located at the junction between the flow lines 74, 74a and 74b. The flow lines 74a and 74b
extend from the valve 75 to the lower portions of the reservoirs 50 and 52, respectively.

It is understood that the three-way valves 67 and 75 are mechanically connected in
tandem and, as such, move together between a first position in which each valve permits fluid
flow in one direction, a second position in which each valve permits fluid flow in an opposite
direction, and a third, closed position in which each valve prevents any flow. Since these valves

67 and 75 are conventional they will not be described in any further detail.

JP 2004-506139 A 2004.2.26
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Two level control units 76a and 76b are associated with the lower portions of the
reservoir 50 and 52, respectively, and each operates in a conventional manner to sense the level
in its corresponding reservoir falling below a predetermined value and generate an output
signal. The units 76a and 76b are connected to the pump 72, via two electrical conductors 782
and 78b, respectively (shown dashed). A sensor, or the like (not shown), is associated with the
pump 72 and is connected to the conductors 78a and 78b for responding to the output signal
when the fluid level in either reservoir 50 and 52 falls below the above-mentioned
predetermined value for shutting off the pump or reversing the pumping direction of the pump,
respectively, as will e described.

A sensor, or the like (not shown), is associated with the valve 67 and is connected to the
level control units 76a and 76b, via branches of conductors 78a and 78b. The latter sensor also
responds to the output signal when the fluid level in either reservoir 50 and 52 falls below the
above-mentioned predetermined value for moving the valve 67 to a position to be described.
Since the valves 67 and 75 are mechanically connected, movement of the valve 67 causes
corresponding movement of the valve 75.

Two level control units 80a and 80b are associated with the upper portion of the
reservoirs 50 and 52, respectively, and each operates in a conventional manner to sense the

level in its corresponding reservoir rising above a predetermined value and generate an output

. signal. The units 80a and 80b are also connected to the pump 72, via two electrical conductors

82a and 82b, respectively (shown dashed). A sensor, or the like (not shown) is associated with
the pump 72 and is connected to the conductors 82a and 82b for responding to the latter output
signal and starting the pump when the fluid level in the reservoir 50 and 52 rises above the
above-mentioned predetermined value. The level control units 80a and 80b are used exclusively
during the start-up of the system which will be described.

In operation, it will be assumed that the systetn is in an inactive mode, and that the
reservoirs 50 and 52 contain a biphase fluid at the inlet pressure in line 58. As in the previous
embodiment, the liquid portion of the biphase fluid in both reservoirs 50 and 52 descend to the

lower portion of each reservoir by gravity and the gaseous portion accumulates in the upper
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portion of each reservoir. It will also be assumed that the valves 67 and 75 are in their first
position described above which permits flow from the reservoir 50 to the reservoir 52in a
manner to be described.

At the beginning of the cycle, the liquid levels in the reservoirs 50 and 52 are raised by
natural through flow from the line 58 to the line 64 or by adding liquid from an external éource.
If the fluid level in the reservoir 50 reaches the level of the control unit 80a before the fluid
Jevel in the reservoir 52 reaches the level of the control unit 80h, the control unit 80a outpuis a
signal to the sensor in the pump 72 to activate it in its first operating mode as discussed above.
The pump 72 pumps the liquid in the lower portion of the reservoir 50 throuéh the flow line
T4a, the valve 75, the flow line 74, the pump, and the flow 1ine70; and through the valve 67 and
the flow line 66 to the reservoir 52. ’

The liquid entering the reservoir 52 compresses the fluid in the latter reservoir to
increase the fluid pressure in the reservoir. When the pressure in the reservoir 52 exceeds the
downstream pressure at the discharge check valve 57b, the fluid in the reservoir 52 is displaced
from the reservoir through the line 55 and flows though the discharge flow line 60 to an
external delivery peint.

During the above operation, the pressure in the reservoir 52 is increased and the
pressure in the reservoir 50 is reduced. When the pressure in the reservoir 50 reduces toa
value that is lower than the pressure in the lines 58 and 54, additional fluid from the lines 58
and 54 is introduced into the reservoir 50.

This operation continues until the fluid level in the reservoir 50 drops to a
predetermined, relatively low, level as sensed by the level control unit 76a. When this happens,
the pump 72 is switched to its second operating mode discussed in which it pumps fluid in 2
direction opposite the direction of flow discussed above. The valves 67 and 75 are also moved to
their second position described above. This permits the flow of the fluid in the reservoir 52
through the line 74b, the valve 75, the line 74, the pump and the line 70; and through the valve
67 to the line 66 and the reservoir 50. This flow continues until the control unit 76b detects the
fiuid level in the reservoir 52 falling below the predetermined value and outputs a signal to the
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sensor associated with the valve 67, thus causing the pump 72 to either be switched back to its
first operating mode or to be switched off, and the valves 67 and 75 to move back to their first
position. When this occurs, the system is ready for a new cycle.

If, a$ the beginning of the cycle described above, the fluid level in the reservoir 52
reaches the level of the control unit 80b before the fluid level in the reservoir 50 reaches the
level of the control unit 80a, the control unit 80b outputs a signal to the sensor in the pump 72
to activate it (assuming that it had been turned off in the previous cycle). Since the 67 and 75
are already in their second position discussed ahove, the pump 72 pumps the liquid in the lower
portion of the reservoir 52 through the flow line 74b, the valve 75, the flow line 74, the pump,
and the flow line70, and through the valve 67 and the flow line 66 to the reservoir 50. This
liquid entering the reservoir 50 compresses the fluid in the latter reservoir to increase the fluid
pressure in the reservoir. When the pressure in the reservoir 50 exceeds the downstream
pressure at the discharge check valve 57a, the fluid in the reservoir 50 is displaced from the
reservoir through the line 55 and the discharge flow line 60.

During the above operation, the pressure in the reservoir 50 is increased and the
pressure in the reservair 52 is reduced. When the pressure in the reservoir 52 reduces to a
value that is lower than the pressure in the lines 58 and 54, additional fluid from the lines 58
and 54 is introduced into the reservoir 52.

This operation continues until the fluid level in the reservoir 52 drops toa
predetermined, relatively low, level as sensed by the level control unit 76b. When this happens,
the pump 72 is switched to its first operating mode, and the valves 67 and 75 are moved to their
first position. Thus, fluid flows from the reservoir 50 through the line 74a, the valve 75, the
line 74, the pump and the line 70, and through the valve 67 to the line 66 and the reservoir 52.
This contimes until the control unit 76ba detects the fluid level in the reservoir 50 falling
below the predetermined value and causes the pump 72 to either be switched back to its second
operating mode or to be switched off, and the valves 67 and 75 to move back to their second

position. When this occurs, the system is ready for a new cycle.
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Tt is understood that, when the system is initially started up, if the lavel in the reservoir
50 is not at its maximum which corresponds to the height of the control unit 80a, production
can start as long as the level in the reservoir 50 is at of above the level of the control units 76a.
In this case, it will take sevefal cycles before an optimum operation is achieved which will occur
as soon as the level of liquid in the reservoir 50 reaches the above-mentioned maximum height.
This is also applicable to the reservoir 52.

. Variations

Variations may be made in both of the foregoing embodiments, without departing from
the scope of the invention. The following are examples of some variations:

1. In the first embodiment described above, at the end of the pumping phase,
instead of opening the valves 16a and 16b, the purp 32 could be connected in a manner to
pump the fluid from the reservoir 10 to the reservoirs 12.

2. The end of the discharge lines 20 and 55 in the interiors of the reservoirs 10 and
50 can be placed at various levels to insure optimum aperation.

3. A multi-reservoir installation can be provided in which the reservoirs 12 and 52
would serve a series of two or more reservairs similar to the reservoir 10 and 50, respectively, in
which case, while pumping the liquid from the bottom of one of the reservoirs of the series of
reservoirs 10 and 50, the valves associated with the other reservoirs would be open.

4. The inlet check valves 20a and 20b; and/or the discharge check valve 24 can be
replaced by on/off process valves.

5. The pumps 32 and 72 can be multistage centrifugal pumps.

6. In the embodiment of Fig. 2 two separate pumps can be associated with the
reservoirs 50 and 52 respectively.

7. A bladder, or the like can be provided to isolate the liquid from the gas in the

" reservoirs 10 and 50.

8. The system and method of the present invention is not limited to use with a
biphase fluid nor to hydrocarbon recovery systems that process well fluid, but is equally

applicable to an-environment in which any type of single phase fluid is to be compressed.
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9. Although the expression “reservoirs” were used above, it is understand that any
devices, such as tanks, vessels drums, containers, ete. can be used to contain the fluid.

10. Although the expression “flow lines” were used above, it is understand that any
devices, such as pipes, conduits, tubes, hoses, ete. can he used to transfer the fluid.

Since other variations, changes, and substitutions are intended in the foregoing
disclosure, it is appropriate that the appended claims be construed broadly and in a manner

consistent with the scope of the invention.
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What is claimed is:

1 A fluid system comprising a first and a second reservoir for receiving a fluid,
a discharge line extending from the first reservoir, a first flow line connecting the second
reservoir to the first reservoir for transferring fluid from the second reservoir to the first
reservoir under pressure for compressing the fluid in the first reservoir and displacing it
from the first reservoir into the discharge line, and a second flow line connecting the first
reservoir to the second reservoir for transfetring fluid in the first reservoir to the second
TEServoir. -

2. The system of claim 1 wherein the fluid flows from the first reservoir, through
the second flow line, and to the second reservoir by gravity.

3. The system of claim 1 further comprising a pump for pumping the fluid from
$he second reservoir, through the first flow line, and to the first reservoir.

4. The system of claim 3 further comprising a control unit assoc;iated with the
second reservoir and connected o the pump for responding to the fluid level in the second
reservoir and controlling the operation of the pump.

5. The system of claim 4 wherein the control unit responds to the fluid level in
the second reservoir falling below a predetermined value.

6. The system of claim 4 wherein the control unit responds to the fluid level in
the second reservoir rising above a predetermined value.

7. The system of claim 4 further comprising a flow control valve disposed in the
second flow line and movable hetween a first position in which it permits fluid flow through
the first line and a second position in which it prevents fluid flow through the first flow line.

8. The system of claim 7 wherein the control unit is connected to the flow
control valve for responding to the fluid level in the second reservoir and controlling the
operation of the flow contral valve.

9. The system of claim 3 wherein the pump also pumps the fluid from the first
reservoir, through the second flow line, and to the second reservoir.

10. - The system of claim 9 further comprising two flow control valves respectively
connected in the first and second flow lines for selectively permitting the fluid to flow from
the second reservoir, through the first flow line to the first reservoir; or from the first

reservoir, through the second flow line to the second reservoir.

-10 -
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it The system of claim 1 wherein the fluid is a biphase fluid and the Hquid
portion of the biphase fluid is separated from the gaseous portion in each reservoir.

12. A fluid flow method comprising introducing a fluid into a first reservoir and
into a second reservoir, transferring fluid from the second reservoir to the first reservoir
under pressure for compressing the fluid in the first reservoir and displacing the fluid from
the first reservoir into a discharge line, and transferring a portion of the remaining portion
of the fluid in the first reservoir to the second reservoir.

13. The method of claim 12 wherein the fluid is transferred from the first
reservoir ta the second reservoir by gravity.

14. The method of claim 12 further comprising pumping the fluid through the
first flow line from the second reservoir to the first reservoir.

15. The method of claim 12 further comprising controlling the pumping in
response to a predetermined fluid level in the second reservoir.

16. The method of claim 15 further comprising contrelling the pumping in
response to the fluid level in the second reservoir falling below a predetermined value.

17. The method of claim 15 further comprising controlling the pumping in
response to the fluid level in the second reservoir rising above a predetermined value.

18. The method of claim 12 further comprising providing a flow control valve in
the second flow line and moving the valve between a first position in which it permits fluid

flow through the first line and a second position in which it prevents fluid flow through the
first flow line.

19. The method of claim 18 further comprising controlling the operation of the
flow control valve in response to liquid level in the second reservoir attaining a
predetermined value.

20.  The method of claim 12 further comprising pumping the fluid through the
second flow line from the first reservoir to the second reservoir.

21. The method of claim 20 wherein the steps of pumping are performed by the
same pump. ’

22. The method of claim 20 further comprising operating two flow control valves
to selectively flow fluid from the second reservoir, through the first flow line to the first

-1t
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reservoir; or to flow fluid from the first reservoir, through the second flow line to the second
reservoir.

23.  The method of claim 12 wherein the fluid is a biphase fluid and wherein the
liquid portion of the fluid is separated from the gaseous portion in each reservoir.

24, A fluid system comprising a first and a second reservoir for receiving a fluid, 2
discharge line extending from the first reservoir, a first flow line connecting the second
reservoir to the first reservoir, a pump for pumping fluid from the second reservoir to the
first reservoir under pressure for compressing the fluid in the first reservoir and displacing
it from the first reservoir into the discharge line, a second flow line connecting the first
reservoir to the second reservoir, the pump pumping fluid in the first reservoir to the second
reservoir, and two flow control valves respectively connected in the first and second flow
lines for selectively permitting the fluid to flow from the second reservoir, through the first
flow line to the first reservoir; or from the first reservoir, through the second flow line to the
second reservoir.

25.  The system of claim 24 further comprising a control unit associated with each
reservoir and connected to the pump for responding to the fluid level in the reservoirs and
controlling the operation of the pump.

26. The system of claim 25 wherein the control unit is connected to the flow
control valves, responds to the fluid level in the reservoirs, and controls the operation of the
flow control valves.

27. A fluid flow method comprising pumping fluid from a first reservoir to'a
second reservoir under pressure for compressing the fluid in the second reservoir and
displacing it from the second reservoir info the discharge line, responding to the fluid in the
first reservoir falling below a predetermined volume and pumping fluid from the second
reservoir to the first reservoir under pressure for compressing the fluid in the first reservoir
and displacing it from the first reservoir.

28.  The method of claim 27 further comprising responding to the fluid in the
second reservoir falling below a predetermined volume and pumping fluid from the first
reservoir to the second reservoir under pressure for compressing the fluid in the second

reservoir and displacing it from the second reservoir,

-12 -
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