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(57) Abrégé/Abstract:

A system for pumping fluid is provided, having two or more submersible pumps, each submersible pump having an inlet, an outlet,
a pumping mechanism that pumps fluid from the inlet to the outlet, a fluid level sensor for measuring a fluid level above the inlet,
and a controller. The controller is programmed to activate the pumping mechanism when the fluid level sensor senses a minimum
fluid level above the inlet and control the speed of the pumping mechanism based on the fluid level sensed by the fluid level sensor
above the minimum fluid level between a minimum operating pump speed and a maximum operating pump speed. The
submersible pumps are arranged in a vertical stack with the inlets of the submersible pumps spaced vertically. Each controller of
each submersible pump operates autonomously relative to controllers of other submersible pumps in the vertical stack.
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ABSTRACT OF THE DISCLOSURE

A system for pumping fluid is provided, having two or more submersible pumps, each

submersible pump having an inlet, an outlet, a pumping mechanism that pumps fluid from the

5 inlet to the outlet, a fluid level sensor for measuring a fluid level above the inlet, and a
controller. The controller is programmed to activate the pumping mechanism when the fluid

level sensor senses a minimum fluid level above the inlet and control the speed of the
pumping mechanism based on the fluid level sensed by the fluid level sensor above the
minimum fluid level between a minimum operating pump speed and a maximum operating

10 pump speed. The submersible pumps are arranged in a vertical stack with the inlets of the
submersible pumps spaced vertically. Each controller of each submersible pump operates

autonomously relative to controllers of other submersible pumps in the vertical stack.
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AUTONOMOUS SUBMERSIBLE PUMP

TECHNICAL FIELD

[0001] This relates to pumping liquid using submersible pumps that are designed to be

autonomously controlled.

BACKGROUND

[0002] When performing work on municipal water systems, such as drains, sewers, etc.,
it is often necessary to divert the water upstream of the work site. Other situations also
require water to be moved from one location to another. For example, underground or low
lying areas may be prone to filling with water due to high ground water levels or rain events,
or water may be require to be moved for industrial purposes. U.S. Patent No. 6,964,299
(Scarsdale) entitled “SUBMERSIBLE PUMPING SYSTEM” teaches a pumping system used
in waste fluid disposal applications. U.S. Patent No. 8,662,829 (Pasquesi et al.) entitled
“PUMP GUARD ADAPTOR, SYSTEM AND METHOD OF ADAPTATION THEREOF”

teaches sump pumps for removal of water that may be used in a stacked configuration.

SUMMARY

[0003] According to an aspect, there is provided a system for pumping fluid, comprising
two or more submersible pumps, each submersible pump comprising an inlet, an outlet, a
pumping mechanism that pumps fluid from the inlet to the outlet, a fluid level sensor for
measuring a fluid level above the inlet, a controller programmed to activate the pumping
mechanism when the fluid level sensor senses a minimum fluid level above the inlet and to
control the speed of the pumping mechanism based on the fluid level sensed by the fluid level
sensor above the minimum fluid level. The speed is controlled between a minimum operating
pump speed and a maximum operating pump speed. The submersible pumps are arranged in
a vertical stack such that the inlets of the submersible pumps are spaced vertically. Each
controller of each submersible pump operates autonomously relative to controllers of other

submersible pumps in the vertical stack.

[0004] In other aspects, the system for pumping fluid may include one or more of the
following aspects: the outlet may be positioned vertically above the inlet; the outlet may

comprise a fluid line that extends vertically above the pumping mechanism; the outlets of the
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submersible pumps may all connect to a common fluid line; the controller may be carried by
the submersible pump; the fluid level sensor may sense the weight of the fluid above the fluid
level sensor; the maximum operating pump speed may correspond to a predetermined upper
fluid level; the fluid level sensor may have a lower limit of detection corresponding to the
minimum f{luid level and an upper limit of detection corresponding to an upper fluid level; the
controller may calculate a rate of change in the fluid level sensed by the fluid level sensor, and
increase the pumping mechanism when an increase in the fluid level is sensed, and decrease
the speed of the pumping mechanism when a decrease in the fluid level is sensed; the system
for pumping fluid may further comprise a fluid pressure sensor for measuring the degree of
obstruction of the inlet; the outlet may comprise a vertical fluid line and the controller may be
programmed to turn off the pumping mechanism when the fluid pressure detected by the fluid
pressure sensor reaches a predetermined level of obstruction such that the fluid in the vertical
fluid line is allowed to backflow through the inlet and flush the obstruction from the inlet and
turn on the pumping mechanism after the backflow is completed; fhe submersible pumps may
be oriented at different rotational positions relative to adjacent submersible pumps in the

vertical stack.

[0005] According to an aspect, there is provided method of pumping fluid, comprising
predicting a maximum flow rate of fluid to be pumped from a fluid location having a fluid
level, calculating a number of submersible pumps required to manage the predicted maximum
flow rate, vertically stacking the number of submersible pumps at the fluid location, each
submersible pump comprising an inlet, an outlet, a pumping mechanism that pumps fluid
from the inlet to the outlet, and a fluid level sensor for measuring a fluid level above the inlet,
the submersible pumps being stacked such that the inlets of the submersible pumps are spaced
vertically in the vertical stack, activating each pumping mechanism when the corresponding
fluid level sensor senses a minimum fluid level above the inlet, and controlling the speed of
each pumping mechanism based on the fluid level sensed by the corresponding fluid level
sensor above the minimum fluid level between a minimum operating pump speed and a
maximum operating pump speed, wherein each pumping mechanism is activated and the
speed of each pumping mechanism is controlled independently of the other submersible

pumps in the vertical stack.
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[0006] In other aspects, the method of pumping fluid may include one or more of the
following aspects: the controller may be carried by the submersible pump; the outlet may
comprise a fluid line that extends vertically above the pumping mechanism; the outlets of the
submersible pumps may all connect to a common fluid line; the speed of each pumping
mechanism may be controlled using a controller carried by each submersible pumps; the fluid
level sensor may sense the weight or fluid pressure of the fluid above the fluid level sensor;
the fluid level sensor may have a lower limit of detection corresponding to the minimum fluid
level and an upper limit of detection corresponding to an upper fluid level; the operating
pump speed may be increased to the maximum operating pump speed when the fluid level
reaches a predetermined upper fluid level; controlling the speed of each pumping mechanism
may comprise calculating a rate of change in the fluid level sensed by the fluid level sensor,
increasing an operating pump speed of the pumping mechanism when an increase in the fluid
level is sensed, and decreasing the operating pump speed of the pumping mechanism when a
decrease in the fluid level is sensed; the submersible pumps may further comprise a fluid
pressure sensor for measuring the degree of obstruction of the inlet; the outlet may comprise a
vertical fluid line and the method may further comprise the steps of stopping the pumping
mechanism when the fluid pressure detected by the fluid pressure sensor reaches a
predetermined level of obstruction such that the fluid in the vertical fluid line is allowed to
backflow through the inlet and flush the obstruction from the inlet, and reactivating the
pumping mechanism after the backflow is completed; vertically stacking the number of
submersible pumps may comprise orienting the submersible pumps at different rotational

positions relative to adjacent submersible pumps in the vertical stack.

[0007] According to an aspect, there is provided a submersible pump comprising an inlet,
an outlet positioned vertically above the inlet, a pumping mechanism that moves the fluid
from the inlet to the outlet through a vertical fluid line, a fluid level sensor for measuring a
fluid level above the inlet, a fluid pressure sensor for measuring the degree of obstruction of
the inlet, and a controller programmed to activate the pumping mechanism when the fluid
level sensor senses a minimum fluid level above the inlet, and control the speed of the

pumping mechanism based on the fluid level sensed by the fluid level sensor above the
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minimum fluid level between a minimum operating pump speed and a maximum operating
pump speed, monitor the degree of obstruction of the inlet using the fluid pressure sensor, turn
off the pumping mechanism when the fluid pressure detected by the fluid pressure sensor
reaches a predetermined level of obstruction such that the fluid in the vertical fluid line is
allowed to backflow through the inlet and flush the obstruction from the inlet, and turn on the

pumping mechanism after the backflow is completed.

[0008] In other aspects, the submersible pump may include one or more of the following
aspects: the controller may be carried by the submersible pump; the fluid level sensor may
measure the weight or fluid pressure of the fluid above the fluid level sensor; the fluid level
sensor may have a lower limit of detection corresponding to the minimum fluid level and an
upper limit of detection corresponding to the upper fluid level; the maximum operating pump
speed corresponds to a predetermined upper fluid level; the controller may calculate a rate of
change in the fluid level sensed by the fluid level sensor, increase the pumping mechanism
when an increase in the fluid level is sensed, and decrease the speed of the pumping

mechanism when a decrease in the fluid level is sensed.

[0009] In other aspects, the features described above may be combined together in any

reasonable combination as will be recognized by those skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] These and other features will become more apparent from the following
description in which reference is made to the appended drawings, the drawings are for the
purpose of illustration only and are not intended to be in any way limiting, wherein:
FIG. 1 is a side elevation view of a stacked submersible pumping system.
FIG. 2 is a side elevation view of an alternate stacked submersible pumping
system.
FIG. 3 is a perspective view of a stacked submersible pumping system with offset
inlets.

FIG. 4 is a diagram of a pump speed and fluid level chart.
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DETAILED DESCRIPTION
[0011] A system for pumping fluid, generally identified by reference numeral 10, will
now be described with reference to FIG. 1 through 4.

[0012] Referring to FIG. 1, system for pumping fluid 10 has multiple submersible pumps
12 that are provided to address changing water levels and flowrates. The example in FIG. 1
uses three submersible pumps 12, although it will be understood that the number of pumps 12
will depend on the particular situation. Each submersible pump 12 has an inlet 14, an outlet
16, a pumping mechanism 18 that pumps fluid from inlet 14 to outlet 16, a fluid level sensor
20 for measuring the fluid level 22 above inlet 14, and a controller 24. Outlet 16 includes a
fluid line 28 that communicates the pumped fluid toward the intended destination. In the
depicted embodiment, where pumps 12 are positioned in a subterranean location, such as in a
sewer or drainage system, fluid lines 28 extend vertically away pumping mechanism 18 and
preferably, as shown in FIG. 1 and FIG. 2, connect to a common fluid line 30. As depicted,
control valves 32 are provided at the end of fluid lines 28, and fluid lines 28 are then
connected to common fluid line 30. There may be more than one control valve 32 on each
line, and may be any suitable type of valve, such as a vacuum breaker, a check valve, or
manually or automatically actuated valve. The actual design of submersible pump 12,
including the relative placement of the various components, may vary depending on the
preferences of the user and available equipment. The details of pumping mechanism 18 are
not shown, as these are well known in the industry and can be designed as necessary.

Submersible pump 12 may then be modified as necessary based on the teachings herein.

[0013] As depicted, each submersible pump has a controller 24, which is programmed to
activate pumping mechanism 18 when fluid level sensor 20 senses a minimum fluid level
above inlet 14. Controller 24 preferably also controls the speed of pumping mechanism 18
based on the fluid level 22 sensed by fluid level sensor 20 above the minimum fluid level
between a minimum operating pump speed and a maximum operating pump speed at an
upper fluid level. The upper fluid level will be the fluid level 22 at which pumping
mechanism 18 is operating at its maximum speed. This may, for example, be the top of the

pumping mechanism 18, a point along the pumping mechanism 18, or a point above the top of
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the pumping mechanism 18. Fluid level sensor 20 may take a variety of forms, as will be
understood. For example, fluid level sensor 20 may take the form of a sensor that senses the
weight or fluid pressure of the fluid above the fluid level sensor 20. Other types of sensors
may also be used that allow the fluid level to be sensed within a range relative to the
respective submersible pump 12. For example, fluid level sensor 20 may be an optical sensor
that detects the fluid surface, a float sensor, or other types of sensors known in the art.
However, it has been found that, for many applications that may involve liquid that are
slurries or carry debris, some sensors may fail to operate correctly, and that a sensor that
detects the weight of fluid is generally more reliable. Fluid level sensor 20 may have a lower
limit of detection that corresponds to the minimum fluid level and an upper limit of detection
that corresponds to the upper fluid level of the respective submersible pump 12. When
controlling the operating speed of pump 12, controller 24 may be programmed to calculate a
rate of change in fluid level 22 sensed by fluid level sensor 20 in order to anticipate rapid
changes in fluid level 22. For example, controller 24 may increase speed of pumping
mechanism 18 based on the rate at which fluid level 22 is increasing rather than merely fluid
level 22 alone. Controller 24 may also slow the pump speed of pump 12 based on a
calculated rate of decrease in fluid level 22. Different algorithms and control options may be
used depending on optimal pump efficiencies for a particular situation. As shown in FIG. 1,
controller 24 may be carried by submersible pump 12. Alternatively, as shown in FIG. 2,
controller 24 may be on a ground surface or other control location that is accessible by an
operator. Controller 24 may have a direct connection, but may also communicate with
submersible pump 12 wirelessly. Controller 24 may also include a display (not shown) that
displays sensor data or operating conditions, or may have a transmitter that communicates the
date and operating conditions to a separate device, such as a portable electronic device, or to a

network to be communicated to a central monitoring location.

[0014] As shown in FIG. 1, submersible pumps 12 are preferably arranged in a vertical
stack 26 in a fluid location 36, such that inlets 14 of submersible pumps 12 are spaced
vertically. Each controller 24 of each submersible pump 12 operates autonomously relative to
controllers 24 of other submersible pumps 12 in the vertical stack 26. Various design options

are available that may change based on the anticipated volume of liquid to be pumped, as well
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as the available space, and the capacity of pumps 12 being used. For example, there may be
more than one stack 26 provided, the capacity of pumps 12 may vary within the stack, the
vertical spacing of pumps 12 may vary to increase or decrease capacity at a particular fluid
level, etc. In each case, controllers 24 are designed to independently control the associated
submersible pump 12, which operates based on the fluid level that is sensed by sensor 20,
rather than the actual fluid level 22. Referring to FIG. 3, to facilitate installation, submersible
pumps 12 may have different rotational orientations relative to adjacent submersible pumps

12 in the vertical stack, such that inlets 14 and outlets 16 are offset from each other.

[0015] Referring to FIG. 2, each submersible pump 12 is shown as having a fluid
pressure sensor 34 that is indicative of for measuring the degree of obstruction of the
respective inlet 14. Pressure sensor 34 is preferably located to measure fluid pressure in outlet
16 of submersible pump 12 or vertical fluid line 28 such that it detects obstructions in inlet 14
based on an expected pressure related to the operation of submersible pump 12. Where outlet
16 is a vertical fluid line 28, controller 24 may be programmed to turn off pumping
mechanism 18 when readings from fluid pressure sensor 34 indicate a sufficient obstruction
that requires maintenance or intervention. Controller 24 may be programmed to flush pump
12 by turning off or reversing pump 12, which allows fluid in vertical fluid line 28 to
backflow through pump 12, as permitted by vacuum breaker 32, and flush any obstructions
from pump 12. The controller 24 then returns pump 12 to normal operation. If backflushing is
unsuccessful, controller 24 may be programmed to send an alarm signal to an operator, shut
down pump 12, or reduce operating speeds to safe levels, as the case may be. It will be
understood that the arrangement of submersible pumps 12 is such that this backflow
procedure can be completed by each pump 12 separately. As will be understood, any increase
in fluid level 22 due to the failure or reduction in capacity of another pump 12 will result in
other pumps 12 increasing their pumping speed to accommodate for the increase

automatically, without any direct communication between the pumps 12.

[0016] An example of a method of pumping fluid will now be described based on the
principled discussed above. The discussion below is not intended to be an exhaustive
discussion of all possible operating procedures or methods that may be possible and

alternatives will be apparent to those skilled in the art.
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[0017] The volume of fluid to be pumped for a particular fluid location 36 having a fluid
level 22 is predicted, and the number of submersible pumps 12 required to manage the
predicted maximum flow rate is calculated, as is known in the art. Preferably, the predictions
are based on maximum flow rates, which may vary. For example, in a residential sewer
application, a higher flow rate will be expected during the morning hours and in the evening,
The design may also account for additional capacity as a safety margin due to an unexpected
increase in water, the failure of a pump, or other factors as is known in the art. The number of
submersible pumps 12 may also be calculated to include standby pumps that will not be
immersed in the fluid, or their minimum fluid level will not be reached, during normal
operation under the predicted maximum flow rate. The standby pumps instead will only be
activated if a lower pump in the system fails. Failure of a lower pump will cause the water
level to rise such that the standby pump is activated. Once calculated, the appropriate number
of submersible pumps 12 are vertically stacked at fluid location 36 such that inlets 14 of
submersible pumps 12 are spaced vertically in vertical stack 26. Each pumping mechanism 18
is activated when the corresponding fluid level sensor 20 senses a minimum fluid level above
inlet 14, and the operating speed of each submersible pump 12 is controlled based on fluid
level 22 sensed by each respective fluid level sensor 20 above the minimum fluid level.
Based on the sensed fluid level, controller 24 controls the speed of each submersible pump 12
between a minimum operating pump speed, and a maximum operating pump speed at an
upper fluid level. Controller 24 may also increase the speed based on a sensed rate of change
in order to anticipate fluid levels to achieve a more efficient pumping system. Each pumping
mechanism 18 is activated and its speed controlled independently of the other submersible

pumps 12 in vertical stack 26.

[0018] Preferably, pumps 12 are designed to be able to clear their respective inlets 14 by
backflushing. In such a case, when the fluid pressure detected by fluid pressure sensor 34 is
indicative of a predetermined level of obstruction, controller 24 stops or reverses pumping
mechanism 18 to allow fluid in vertical fluid line 28 to backflow through pumping
mechanism 18 in order to attempt to flush any obstructions. Pump 12 is then reactivated after

the backflow is completed. If the obstruction persists, pump 12 may be deactivated by

CA 2979356 2017-09-18



10

15

20

25

30

controller 24, or operated at a safe operating speed to avoid damage, and an alarm may be

activated, such as by sending a signal to an operator, or providing a visual or audible alarm.

[0019] Fluid level sensor 20 and/or controller 24 are preferably calibrated to detect, at a
minimum, the liquid level above pump intake 14 from a minimum defined fluid level to a
maximum defined fluid level, between which controller 24 controls the speed of pump 12
between a minimum and maximum speed. the instructions programmed into controller 24
will depend at least in part on the position of sensor 20 relative to pump intake 14. For
example, fluid level sensor 20 may be calibrated to a value that is indicative of a minimum
fluid level at which point it is safe to operate pump 12, as well as detecting changes in
conditions such as the pressure or weight of liquid increasing, the liquid pressure remaining
constant, or the liquid pressure decreasing. Where fluid pressure sensor 34 is provided
downstream of pump intake 14, it may detect a zero pressure condition, which may be
calibrated prior to use of pump 12. It may also detect that the pressure is increasing, the
pressure is decreasing, the pressure is holding at a value that is above zero, or that the pressure

has reached a threshold such that a backflow is performed.

[0020] In addition to the sensors, pump 12 has a number of actions available. Prior to the
water reaching the minimum level, the pump may be off. The pump may then increase its
RPM as the water level increases, maintain its RPM if the water level stays the same, or
decrease its RPM if the water level decreases or if the water level is decreasing at a desired
rate. While all of the pumps operate independently, are not connected, and have independent
sensors and controllers, their combined effect serves to control the overall fluid level, and the

rate of pumping of the system automatically.

[0021] Referring to FIG. 4, an example of the combined effect of the stacked submersible
pumps 12 is shown. Point 38 indicates the minimum fluid level for the bottom pump 12 on the
vertical stack 26, while point 40 indicates the upper fluid level at which the bottom pump is
operating at its maximum operating pump speed. Points 42 and 46 similarly indicate the
minimum fluid level for the next two pumps, while points 44 and 48 indicate the upper fluid
level. Lines 50, 52, and 54 indicate the pump speeds for each of the pumps 12 individually,
while line 56 indicates the combined pump speed. The graph shows a slight delay between
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when one pump reaches its maximum pump speed, and when the next pump starts pumping.
The pump speeds and controllers may be designed such that the overall transition is smooth,
ie. a higher pump is activated at the same fluid level at which a lower pump reaches its
maximum speed, or with an overlap, such that the higher pump is activated before the lower
pump reaches its maximum speed. It will also be noted that the depicted graph is based solely
on fluid level, and not the rate of change of the fluid level. When fluid level is changing more
quickly, taking into account the rate of change will generally result in a steeper curve, as the

pump anticipates the fluid level that will be reached, and adjusts the pump speed accordingly.

[0022] It will be understood that, while it is preferable that the maximum capacity of each
pump 12 is the same, with vertical stack 26 being made up of the same types of pumps 12,
some pumps 12 may be provided with a higher or lower maximum pump capacity or speed,
depending on the situation and specifications used. In the example shown there is a certain
fluid depth between the upper fluid level of a lower pump and the minimum fluid level of the
overlying pump. In this range the lower pump is operating at its maximum speed, but the
overlying pump has not yet turned on. It will be understood that these minimum and
maximum levels may be the same, such that the overlying pump turns on as the lower pump
reaches its maximum pump operating speed, or the range may be reversed, such that the
overlying pump turns on prior to the lower pump reaching its maximum operating speed. It
will be understood that these types of modifications will alter the shape of the combined
pump speed 56. It will also be understood that, as each controller 24 is designed to with a
particular pump 12 in mind, no additional work is required to configure pumps 12 beyond

installing them in a desired order in stack 26.

[0023] By providing pumps 12 as described above that are independently controlled, a
system of modular pumps can be provided that is versatile, flexible, and can accommodate
different situations simply by installing particular sizes and numbers of pumps, based on a
characterization of the expected fluid level in any given situation. As the pumps operate
independently, there is no need for an operator to control them, beyond a general supervision

to ensure pumps 12 have been installed correctly, and are operating within normal parameters.
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[0024] 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 elements is present, unless the context clearly requires

5 that there be one and only one of the elements.

[0025]  The scope of the following claims should not be limited by the preferred
embodiments set forth in the examples above and in the drawings, but should be given the
broadest interpretation consistent with the description as a whole.

10
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‘What is Claimed is:

1 A system for pumping fluid, comprising:
two or more submersible pumps, each submersible pump comprising:

an inlet;

an outlet;

a pumping mechanism that pumps fluid along a fluid path from the inlet to the
outlet |

afluid level sensor for measuring a fluid level above the mlet;

a controller programmed to:

activate the pumping mechanism when the fluid level sensor senses a
mininmum fluid level above the inlet; and
control the speed of the pumping mechanism based on the flud level
sensed by the fluid level sensor above the minimum fluid level between a minimum operating
pump speed and a maximum operating pump speed;
wherein:

the submersible pumps are arranged in a vertical stack such that the mlets of
the submersible puraps are spaced vertically;

each controller of each submersible pump operates autonomously relative to
controllers of other submersible pumps in the vertical stack; and

the fluid paths of the two or more submersible pumps are comnected in
parallel.

2. The system for pumping fluid of claim 1, wherein the outlet is positioned vertically
above the inlet.

3. The system for purnping fluid of claim 1, wherein the outlet comprises a fluid line that
extends vertically above the pumping mechanism.

4. The system for pumping fluid of claim 1, wherein the outlets of the submersible

purmps all commect to a common fluid Iine.
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5. The system for pumping fluid of claim 1, wherein the controller is carried by the
submersible pump.

6. The system for pumping fluid of claim 1, wherein the fluid level sensor measures the
weight of the fluid above the fluid level sensor.

7. The system for pumping fluid of claim 1, wherein the fluid level sensor has a fower
hmit of detection cmrcsponding to the mintmum fluid level and an upper limit of detection
corresponding to an upper fluid level.

8. The system for pumping fhuid of claim 1, wherein the controller calculates a rate of
change in the fluid level sensed by the fluid level sensor, and increases the pumping
mechanism when an increase in the fluid level is sensed, and decreases the speed of the
purnping mechanism when a decrease m the fhud level is sensed.

9. The system for pumping fhud of claim 1, wherein the maximum operating pump
speed corresponds to a predetermined upper flud level.

10.  'The system for pumping fluid of claim 1, firther comprising a fluid pressure sensor
for measuring the degree of obstruction of the inlet.

11.  The system for purping fluid of claim 10, wherein the outlet comprises a vertical
fluid line and the controller is programmed to:
turn off the pumping mechanism when the fluid pressure detected by the flud
pressure sensor reaches a predetermined level of obstruction such that the fluid in the vertical
fluid line 1s allowed to backflow through the inlet and flush the obstruction from the inlet; and
turn on the pumping mechanism after the backtlow 1s completed.

12.  The system for pumping fluid of claim 1, wherein the submersible pumps are oriented
at different rotational positions relative to adjacent submersible puraps in the vertical stack.
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13. A method of purmping fluid, comprising:

vertically stacking a plurality of submersible purps at at fluid location, each
submersible pump comprising an inlet, an outlet, a pumping mechanism that pumps fluid
from the inet to the outlet, and a fluid level sensor for measuring a fluid level above the inlet,
the submersible pumps being stacked such that the inlets of the submersible pumps are spaced
vertically in the vertical stack and in direct fluid communication with the fluid location;

activating each pumping mechanism when the corresponding fluid level sensor senses
a minimum fluid level above the inlet, such that fluid is pumped in parallel by each pumping
mechanism from the fluid location to a fluid destination; and

controlling the speed of each pumping mechanism based on the fluid level sensed by
the corresponding fluid level sensor above the minimum fluid level between a minimum
operating pump speed and a maximum operating pump speed;

wherein each purmping mechanism is activated and the speed of each pumping
mechanism is controlled independently of the other submersible pumps in the vertical stack.

14.  The method of pumping fluid of claim 13, wherein the outlet is positioned vertically
above the inlet.

15.  The method of pumping fhuid of claim 13, wherein the outlet corprises a fluid line
that extends vertically above the pumping mechanism.

16.  The method of pumpmg fluid of claim 13, wherein the outlets of the submersible
purps all comnect to a corrrmon fluid line.

17.  The method of pumping fluid of claim 13, wherein the speed of cach pumping
mechanism is controlled using a controller camied by each submersible pump.

18.  The method of pumping fluid of claim 13, wherein the fluid level sensor measures the
weight of the fluid above the fluid level sensor.
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19.  The method of pumping fluid of clain 13, wherein the fhuid level sensor has a lower
limit of detection corresponding to the minirmum fluid level and an upper limit of detection
corresponding to an upper fluid level.

20.  The method of pumping fluid of claim 13, wherein controlling the speed of each
pumping mechanism comprises calculating a rate of change i the fluid level sensed by the
fluid level sensor, increasing an operating pump speed of the pumping mechanism when an
ncrease n the fluid level is sensed, and decreasing the operating pump speed of the pumping
mechanism when a decrease in the thud level 1s sensed.

21.  'the method of pumping fhud of claim 13, wherein the operating pump speed is
increased to the maximum operating pump speed when the fluid level reaches a
predetermined upper fluid level.

22.  The method of pumping fluid of claim 13, further comprising a fluid pressure sensor
for measuring the degree of obstruction of the inlet.

23.  The method of pumping fluid of claim 22, wherein the outlet comprises a vertical
fhuid fine and fizther comprising the steps of:
stopping the pumping mechanism when the fluid pressure detected by the flud
pressure sensor reaches a predetermined level of obstruction such that the fluid in the vertical
fluid line is allowed to backflow through the inlet and flush the obstruction from the inlet; and
reactivating the pumping mechanism afler the backflow is completed.

24.  The method of pumping fluid of claim 13, wherein vertically stacking the plurality of
submersible pumps comprises orienting the submersible pumps at different rotational
positions relative to adjacent submersible pumps in the vertical stack.

25.  The method of claim 13, firther comprising the steps of:
determining a maximum flow rate of fluid to be pumped from a fluid location having
a flad level; and
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calculating a number of submersible pumps required to manage the predicted

maxirmum flow rate.
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FIG. 2
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