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(57) Abrégée/Abstract:

A method of determining a flow rate of a pump involves determining a volume capacity for a flow line carrying produced fluids from
the pump, determining a starting pressure for the flow line and setting an arbitrary target pressure for the purpose of testing. The
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(57) Abrege(suite)/Abstract(continued):

test Is Initiated by preventing flow in the flow line while continuing to operate the pump and monitoring pressure In the flow line to
determine a time interval required to reach the target pressure. The method then involves performing calculations to determine flow
rate using the volume capacity, the starting pressure, the change in pressure over the time interval required to reach the target
pressure. The flow rate Is equivalent to AV divided by a change in time AT. The method Is preferably used as part of a manual or
automated pump control strategy to keep the pump operating within flow rate ranges that provide optimum pump efficiency.
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ABSTRACT OF THE DISCLOSURE

A method of determining a flow rate of a pump involves determining a volume
capacity for a flow line carrying produced fluids from the pump, determining a starting
pressure for the flow line and setting an arbitrary target pressure for the purpose of testing.
The test is initiated by preventing flow in the flow line while continuing to operate the pump
and monitoring pressure in the flow line to determine a time interval required to reach the
target pressure. The method then involves performing calculations to determine tlow rate
using the volume capacity, the starting pressure, the change in pressure over the time interval
required to reach the target pressure. The flow rate is equivalent to AV divided by a change in
time AT. The method is preferably used as part of a manual or automated pump control
strategy to keep the pump operating within flow rate ranges that provide optimum pump

efficiency.
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TITLE:
Method Of Calculating Pump Flow Rates and An Automated Pump Control System

FIELD
The present invention relates to a method of automated pump control system that
speeds up and slows down a pump in accordance with flow rates derived through the

teachings of the method.

BACKGROUND

Various automated control systems are known for matching pump rotations per
minute with the rate that fluids flow into a well bore of an oil well. Canadian Patent 2,510,101
(Zarowny et al) describes a control system that is based upon the rate of rise of produced
fluids in a production tank. This control system cannot be used, when multiple wells are
producing fluids that accumulate in a single production tank, including wells that are flow

lined.

SUMMARY

There 1s provided a method of determining a flow rate of a pump which involves
determining a volume capacity for a flow line carrying produced fluids from the pump,
determining a starting pressure for the flow line and setting an arbitrary target pressure for the
purpose of testing. The test is initiated by preventing flow n the flow Iline while
continuing to operate the pump and monitoring pressure in the flow line to determine a time
interval required to reach the target pressure. The method then involves performing
calculations to determine flow rate using the volume capacity, the starting pressure, the
change in pressure over the time interval required to reach the target pressure. The
calculations are based upon the fact that a change in pressure equals a change in volume AP =

AV 1n a closed system, with flow rate being equivalent to AV divided by a change in time AT.

As ftlow rates increase, pump efficiency increases until the pump reaches a range of
optimum efficiency. The range of optimum efficiency will vary with the type of pump and

the viscosity of the liquids being pumped. Once the type of pump and the viscosity of the



10

15

20

25

30

CA 02633204 2008-06-02

liquid are known, a range of flow rates for optimum pump efficiency can be determined. In
some cases there are manufacturer’s recommendations with respect to flow rates to achieve
optimum pump efficiency with liquids of given viscosity. This enables the derived flow rate
calculations to be used as part of a pump control strategy, whether manual or automated, in
which flow rates are kept within a predetermined operating range to optimize pump

efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features will become more apparent from the following description in
which reference 1s made to the appended drawings, the drawings are for the purpose of
tllustration only and are not intended to in any way limit the scope of the invention to the
particular embodiment or embodiments shown, wherein:

THE FIGURE is a schematic view ot an automated oil well pump control.

DETAILED DESCRIPTION

An automated oil well pump control, generally indicated by reference numeral 10,

will now be described with reference to THE FIGURE.

Structure and Relationship of Parts:

Referring to FIG. 1, automated oil well pump control 10 includes an oil well 12
having a pump 14 and a flow line 16 that carries produced fluids from oil well 12. While a
screw pump has been illustrated, it will be understood that other suitable types of pumps
could also be used. There is also a means of controlling the flow of produced fluids, such as
an automated control valve 18 on flow line 16 as depicted, with a pressure sensor 20
positioned on flow line 16 between pump 14 and control valve 18. A controller 22 is used to
control the speed of pump 14, control the opening and closing of control valve 18 and receive
pressure readings from pressure sensor 20. Controller 22 has a control strategy in which
controller 22 determines a starting pressure, closes control valve 18, monitors a resulting rise
In pressure 1n flow line 16 to determine the length of time it takes to arrive at a arbitrary target

pressure, and then speeds up or slows down pump 14 based upon a pressure profile.
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Calculations to determine flow rate use the known volume capacity, the known
starting pressure, the monitored change in pressure over the monitored time interval required
to reach the known target pressure. The calculations are based upon the fact that a change in
pressure equals a change in volume AP = AV in a closed system. Flow rate then become

equivalent to AV divided by a change in time AT.

There are a range of flow rates for optimum pump efficiency. The derived tlow rate
calculations can be used as part of a pump control strategy, whether manual or automated, in
which flow rates are kept within a predetermined operating range to optimize pump

efficiency. The operation of an automated system will now be described.

Operation:

Referring to THE FIGURE, pressure sensor 20 communicates to controller 22 a
starting pressure. Valve 18 is then closed on flow line 16, which 1s carrying produced fluids
from oil well 12. Pump 14 continues to operate to pump produced fluids from oil well 12.
The pressure n flow line 16 between pump 14 and valve 18 is monitored by pressure sensor
20 to determine the length of time it takes to reach an arbitrary target pressure, which

establishes a pressure profile.

The controller then performs calculations to determine flow rate as AV divided by a
change in time AT. This simplified calculation is possible as the volume capacity is known,
the starting pressure is known, the change in pressure is known and the monitored time

interval required to reach the target pressure is known. The calculations are based upon the

fact that a change in pressure equals a change in volume AP = AV in a closed system.

The controller than increases or decreases the speed of pump 14, as required, to

maintain the flow rate within a flow range that provides for optimum pump efficiency.

A pressure profile showing a continuous rise in pressure looks as follows:
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Pressure

Time

A pressure profile showing an intermittent rise in pressure looks as follows:

Pressure

Time

This method was developed for use with a pump that rotates, so that the rotations per
minute (rpm) of the pump are increased or decreased in accordance with the control strategy.
It will also work with other types of pumping apparatus. [f the pressure profile shows a
continuous rise in pressure, the system is working as intended and the operator or controller
need only adjust the speed of the pump to maintain pump efficiency. [f, however, the
pressure profile shows an intermittent rise in pressure, this is a dtagnostic indication of an
inflow problem with the pump requiring remedial action. Such remedial action may involve

slowing down the pump or may involve changing the annulus pressure.

In this patent document, the word "comprising” is used in its non-limiting sense to
mean that items following the word are included, but items not specifically mentioned are not
excluded. A reference to an element by the indefinite article "a" does not exclude the
possibility that more than one of the element is present, unless the context clearly requires that

there be one and only one of the elements.
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[t will be apparent to one skilled in the art that modifications may be made to the

Ilustrated embodiments without departing from scope of the Claims,
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What is Claimed is:

1. A method of determining a flow rate of a pump, comprising:

determining a volume capacity for a flow line carrying produced fluids from the
pump,

determining a starting pressure for the tlow line;

setting an arbitrary target pressure for the purpose ot testing;

preventing flow in the flow line while continuing to operate the pump;

monitoring pressure in the flow line to determine a time interval required to reach the
target pressure;

performing calculations to determine flow rate using the volume capacity, the starting
pressure, the change in pressure over the time interval required to reach the target pressure,
such calculations being based upon the fact that a change in pressure equals a change in
volume AP = AV in a closed system and flow rate is equivalent to AV divided by a change In

time AT.

2. The method of Claim 1, including a step of using the derived flow rate calculations as part
of a pump control strategy in which flow rates are kept within a predetermined operating

range to optimize pump efficiency.

3. The method of Claim 1, including a step of preparing a pressure profile of pressure rise
over time that is used as a diagnostic tool to determine whether the pump is experiencing

inflow problems.

4. An automated o1l well pump control system, comprising:

an o1l well having a pump;

a flow line carrying produced fluids from the oil well having a known volume
capacity;

means of controlling the flow of produced fluids through the flow line;

a pressure sensor on the flow line between the pump and the control valve;

a controller controlling the speed of the pump, controlling the opening and closing of
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the control valve and receiving pressure readings from the pressure sensor, the controller
having a control strategy in which the controller determines a starting pressure, closes the
control valve and monitors a resulting rise in pressure in the flow line to an arbitrary target
pressure over a time interval;

the controller performing calculations to determine flow rate using the volume
capacity, the starting pressure, the change in pressure over the time interval required to reach
the target pressure, such calculations being based upon the fact that a change in pressure
equals a change in volume AP = AV in a closed system and flow rate is equivalent to AV
divided by a change in time AT;

the controller using the flow rate calculations to control pump speed within a

predetermined operating range that optimizes pump efficiency.

5. The automated oil well pump control system of Claim 4, wherein the means of controlling

the tflow of produced fluids is an automated control valve.
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