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(57) Abrégé/Abstract:

An instantaneous separation system for capturing and recovering oil from an outdoor electrical equipment. The system includes a
capture system for capturing a mixture of oil and water and transporting the mixture to an instantaneous separation reservoir. The
separation reservoir maintains the separated oil and water separate via a separation plate. A water outlet pipe transports the
separated water back to the surroundings, an oil outlet pipe transports the separated oil to an oil reservoir; a nominal water level
threshold maintains the separated water at a given water height by directing any water surpassing the water height to the
surroundings via the water outlet pipe. The nominal water level threshold and the separation plate ensure that substantially only the
separated water enters the water outlet pipe. An oil outlet threshold is positioned at a height that is greater than the height of the
nominal water level threshold.
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FIG. 1

(57) Abstract: An instantaneous separation system for capturing and recovering oil from an outdoor electrical equipment. The system
includes a capture system for capturing a mixture of oil and water and transporting the mixture to an instantaneous separation reservoir.
The separation reservoir maintains the separated oil and water separate via a separation plate. A water outlet pipe transports the separated
water back to the surroundings, an oil outlet pipe transports the separated oil to an oil reservoir; a nominal water level threshold maintains
the separated water at a given water height by directing any water surpassing the water height to the surroundings via the water outlet
pipe. The nominal water level threshold and the separation plate ensure that substantially only the separated water enters the water
outlet pipe. An oil outlet threshold is positioned at a height that is greater than the height of the nominal water level threshold.
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TITLE OF THE INVENTION
INSTANTANEOUS WATER/OIL SEPARATION SYSTEM
FIELD OF THE INVENTION

[0001]The present invention relates to an instantaneous water/oil separation
system.

BACKGROUND OF THE INVENTION

[0002]Outdoor electrical equipment, such as high-power transformers, contain
substantial quantities oil that may leak over time. In addition to oil escaping from
the equipment, water from rain, melting snow as well as from other sources such
as fire sprinklers must be collected as well. Thus, there is a need for a system to

collect and then separate oil and water.

[0003] Typical oil/water separation systems require large retention basins, settling
basins and separators to account for all the collected liquids. Historically, basins
were built to capture liquids after major explosions but were ill suited for more
common leaks that constitute the vast majority of situations requiring collection
and separation. Further, typical systems use circular piping to form collections and
for level control, which results in large variations in the water level in the reservoir,
as the water level at the inlet varies. Finally, some current systems are prone to

dangerous explosions when dealing with large oil leaks.
SUMMARY OF THE INVENTION

[0004]lt is therefore a general object of the present invention to provide a high
volume instantaneous water/oil separation system to capture and recover leaking

oil from outdoor electrical equipment.

[0005]It is a further object of the present invention to provide an oil/water
separation system that allows for instant separation of oil from water to recover it
and allow for the discharge of hydrocarbon-free water to the environment.
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[0006]It is a further object of the present invention to provide an oil/water
separation system that allows for the management of large oil leaks and

minimizing the risk of explosions while costing must less than current systems.

[0007]In order to address the above and other drawbacks, there is provided an
instantaneous separation system for capturing and recovering oil from an outdoor
electrical equipment, the system comprising a capture system, the capture system
capturing a mixture of oil and water from the outdoor electrical equipment and
transporting the mixture of oil and water to an instantaneous separation reservoir
via an inlet pipe, the separation reservoir separating the mixture of oil and water
to separated oil and separated water, the separation reservoir maintaining the
separated oil and the separated water separate via a separation plate, a water
outlet pipe, the water outlet pipe transporting the separated water back to the
surroundings, an oil outlet pipe, the oil outlet pipe transporting the separated oil to
an oil reservoir, a nominal water level threshold, the nominal water level threshold
maintaining the separated water at a given water height by directing any water
surpassing the water height to the surroundings via the water outlet pipe, wherein
nominal water level threshold and the separation plate ensure that only the
separated water enters the water outlet pipe, and an oil outlet threshold, the oil
outlet threshold positioned at a height that is greater than the height of the nominal
water level threshold, wherein when the separated oil reaches the height of the oil
outlet threshold, the separated oil is directed to the oil reservoir via the oil outlet
pipe, wherein the oil outlet threshold ensures that only the separated oil enters the

oil outlet pipe.

[0008]In an embodiment, the outdoor electrical equipment is one of a high-power

transformer, a measuring transformer, and an inductor.

[0009]In an embodiment, the water outlet pipe directs the separated water
through a filter before transporting the separated water to the surroundings.

[0010]In an embodiment, the system further comprising a control panel to control

the system.
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[0011]In an embodiment, the capture system further comprises a wall erected

around the base of the outdoor electrical equipment.

[0012]In an embodiment, a pre-separation of oil and water occurs inside the
capture system.

[0013]In an embodiment, the capture system further comprises secondary
capture zones to capture leaking oil from at least one cantilevered component of

the electrical outdoor equipment.

[0014]In an embodiment, the separation reservoir further comprises a plurality of
deflectors, the deflectors installed on the floor of the separation reservoir, the
deflectors forcing the emersion of residual oil suspended in water towards the
surface of the mixture of cil and water, a solid debris well for separating solids
from the mixture of oil and water, the solid debris well receiving the mixture of oil
and water via an elbow pipe, an oil detection well, the oil detection well comprising
an oil level switch to detect when oil enters the separation reservoir, and a
separation well, the separation well comprising the separation plate and a low
water level switch, the low water level switch sending an alarm signal if the water

height drops below a minimum water level.

[0015]In an embodiment, the system further comprising an oil detection system,
the oil detection system comprising a cage comprising a plurality of flakes of
hydrophobic, oil-absorbing material, wherein when the cage is in the presence of
oil, the cage loses its buoyancy and actuates the oil level switch to activate an oil
leak detection alarm.

[0016]In an embodiment, the water level threshold is U-shaped.
BRIEF DESCRIPTION OF THE DRAWINGS

[0017]Figure 1 is a perspective view of an instantaneous separation system, in

accordance with an illustrative embodiment of the present invention;
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[0018]Figure 2 is a perspective view of various components of an instantaneous
separation system, in accordance with an illustrative embodiment of the present

invention:;

[0019]Figures 3A and 3B are side view diagrams of a separation reservoir
containing only water and a mixture of water an oil, respectively, in accordance

with an illustrative embodiment of the present invention;

[0020]Figure 4 is a top view diagram of a separation reservoir, in accordance with

an illustrative embodiment of the present invention;

[0021]Figure 5A is a side view diagram of the separation reservoir of Figure 4,
and Figure 5B is a sectional side view diagram of the reservoir of Figure 4 along
line VB-VB, in accordance with an illustrative embodiment of the present

invention; and

[0022]Figure 6 is a rear perspective view of various components of an
instantaneous separation system, in accordance with an illustrative embodiment

of the present invention.
DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

[0023]Referring to Figure 1, there is shown an instantaneous separation system
for capturing and recovering oil, generally referred to using the reference numeral
2. A main capture system 4 is positioned at the base of an outdoor electrical
equipment 6, illustratively a high-power transformer, from which oil may leak. The
outdoor electrical equipment may also be a measuring transformer, an inductor,
or any other outdoor equipment containing insulating oil. As a person of ordinary
skill in the art would understand, the system 2 may also be used to capture leaking
oil from other types of equipment containing oil such as oil reservoirs. The main
capture system 4 comprises a wall 8 erected around the base of the foundation of
the outdoor electrical equipment 6 that serves to capture any oil leaking from the
outdoor electrical equipment 6, yet also captures water from sources such as
rainfall and melting snow. As such, in order to recover the leaking oil, it must be

separated from the captured water. In an embodiment, the instantaneous water/oil
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separation 2 further comprises secondary capture zones to capture leaking oil
from cantilevered components of the outdoor electrical equipment 6. The height
of the wall 8 may be based on the desired accumulation capacity for cases of rapid
influxes of liquid, for example during a brief downpour. Advantageously, the main
capture system 4 ensures that the oil never comes into contact with the ground,
thus preventing any ground-based contamination. In a further embodiment, there
is a step of pre-separation of oil and water within the main capture system 4. In
another further embodiment, the system 2 comprises a heating system (as will be
discussed below) to prevent freezing and obstruction of any of the various flowing

liquids in cold temperatures.

[0024] Referring now to Figure 2 in addition to Figure 1, the mixture of oil and
water captured by the main capture system 4 is fed to an instantaneous separation
reservoir 10 via an inlet pipe 12. In the separation reservoir 10, the mixture of oil
and water is separated, as will be discussed in further detail below. Once the fluids
are separated, the separated oil is transported to an oil reservoir 14 via an oil
outlet pipe 16, and the separated water is directed to the surroundings via a water
outlet pipe 18. In an embodiment, the oil reservoir 14 is equipped with an
electrode-free water detector that can detect abnormal operations of the system
2, whereas a second level detector with a vibrating fork may allow for detection
when the oil reservoir 14 is full. In an embodiment, the separated water first
passes through a filter 20 before exiting substantially hydrocarbon-free towards
the surroundings. The filter 20 blocks any oil from flowing to the surroundings and
allows the system 2 to operate even under low pressure conditions. A detector in
the filter 20 may detect if the filter becomes obstructed and send an alarm to the
system 2. In a further embodiment, a control panel 22 is provided to control the
various operations of the instantaneous separation system 2. Preferably, a pre-
filtration grille (not show) is positioned before the inlet pipe 12. The grille blocks
tree leaves, insects, such as butterflies and mosquitos, from penetrating into the
separation reservoir 10.

[0025]Referring now to Figures 3A and 3B, the separation reservoir 10 is shown
comprising only water 24 and comprising both water 24 and oil 26, respectively.
As a person of ordinary skill in the art would understand, the instantaneous
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separation of oil 26 from water 24 in the separation reservoir 10 occurs because
the density of oil 26 is less than that of water 24 and thus, due to Archimedes’
principle relating to buoyancy, the oil 26 is pushed towards the top of the water
24. In order to maintain the separation between the water 24 and the oil 26, the
separation reservoir 10 comprises a separation plate 28. The separation plate 28
used in the present invention distinguishes itself from typical separation plates by
its oil retention properties. The separation plate 28 further prevents the oil 26 from
exiting the separation reservoir 10 via the water outlet pipe 18. As can be seen in
Figure 3B, the separation plate 28 confines the oil 26 in the separation reservoir
10 while allowing the water 24 to flow towards the water outlet pipe 18. System 2
is gravity based, and-various components such as the deflectors 36 are angled to

guarantee a minimum flow rate while avoiding any excessive turbulence.

[0026] Still referring to Figures 3A and 3B, the separation reservoir 10 comprises
a pair of thresholds, an oil outlet threshold 30 and a nominal water level threshold
32, to maintain a consistent level of the fluids, as well as to ensure their separation
is maintained. The qil outlet threshold 30 allows the oil 26 to exit the separation
reservoir 10 through the oil outlet pipe 16 via an oil outlet window 34. The nominal
water level threshold 32 regulates the level of water 24 in the separation reservoir
10 by diverting any water 24 exceeding the height of the nominal water level
threshold 32 towards the water outlet pipe 18. The respective heights of the oil
outlet threshold 30 and the nominal water level threshold 32 are selected such
that no oil 26 can enter the water outlet pipe 18, and no water 24 can enter the oil
outlet pipe 16. The respective heights of the oil outlet threshold 30 and the nominal
water level threshold 32 are also selected based on the various flow rates of the
system 2. Further, the height of the oil outlet threshold 30 is selected to ensure
that the maximum amount of oil 26 is evacuated before the thickness of the oil 26
increases, which would allow the oil 26 to pass under the separation plate 28 and

flow towards the water outlet pipe 18.

[0027]Referring now to Figures 4, 5A and 5B, an embodiment of the separation
reservoir 10 is shown. A plurality of deflectors 36 are installed on the floor of the
separation reservoir 10 to force the emersion of residual oil suspended in water
towards the surface of the fluid mixture. The separation reservoir 10 further
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comprises a series of wells between the inlet pipe 12 and the water outlet pipe 18
to enhance the separation and retention processes. A solid debris well 38 is used
to separate any solids that may be contained in the fluid mixture arriving in the
separation reservoir 10 via the inlet pipe 12, and in an embodiment through an
elbow pipe adjusted so that the fluid pours smoothly on the water surface. An oil
detection well 40 comprises an oil level switch 42 in order to detect and notify the
system 2 when oil enters the separation reservoir 10. Finally, a separation well 44
comprises the separation plate 28 (as discussed above) as well as a low water
level switch 46 which may send an alarm signal to the system 2 if the water level
in the separation reservoir 10 drops below a minimum value. Separation reservoir
10 further comprises a plurality of heating elements 48 for the above-mentioned
heating system, as well as a temperature sensor 50. In a further embodiment, the
separation reservoir 10 comprises an oil detection system (not shown) comprising
a cage, for example a 3D-printed nylon cage, comprising a plurality of flakes of
hydrophobic, oil-absorbing material. In the presence of water, the cage floats. In
the presence of oil, the cage loses its buoyancy and actuates the oil level switch
(42) in order to activate an alarm signifying an oil leak. In a further embodiment,
the water level threshold 32 is U-shaped, thus increasing the outlet surface 33 to
aid in controlling the level of the water in the separation reservoir 10 when flow

rates increase.

[0028]In an embodiment, the system 2 comprises an automated supervision
system (not shown). This automated supervision system uses sensors to detect
various abnormalities related to, for example, leaking oil, fluid levels, heating loss,
and power loss. This automated supervision system may send alerts relating to
these abnormalities through various means such as SMS or email. Referring now
to Figure 6, in a further embodiment, the system 2 is mounted on a leveling
platform 52 comprising a tilt sensor 54 and a plurality of adjustable legs 56 in order
to facilitate assembly of the various components, to level the system 2, and to

detect any level losses.

[0029]The scope of the claims should not be limited by the preferred
embodiments set forth in the examples, but should be given the broadest

interpretation consistent with the description as a whole.

AMENDED SHEET
Date Regue/Date Received 2020-08-29
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CLAIMS

1. An instantaneous separation system (2) for capturing and
recovering oil from an outdoor electrical equipment (6), said system (2)
comprising:

a capture system (4) for capturing a mixture of oil and water from
the outdoor electrical equipment (6) and transporting said mixture of oil
and water to an instantaneous separation reservoir (10) via an inlet pipe
(12), said separation reservoir (10) instantly separating said mixture of
oil and water to separated oil (26) and separated water (24), said
separation reservoir (10) maintaining said separated oil (26) and said
separated water (24) separate via a separation plate (28);

a water outlet pipe (18) for transporting said separated water (24)
back to the surroundings;

an oil outlet pipe (16) for transporting said separated oil (26) to an
oil reservoir (14) and for recovering said separated oil;

a nominal water level threshold (32) for maintaining said
separated water (24) at a given water height by directing any water
surpassing said water height to the surroundings via said water outlet
pipe (18), wherein said nominal water level threshold (32) and said
separation plate (28) ensure that substantially only said separated water
(24) enters said water outlet pipe (18), wherein said nominal water level
threshold (32) extends along a length that defines an outlet surface (33)
on a separate portion of the separation reservoir (10); and

an oil outlet threshold (30) positioned at a height that is greater
than the height of said nominal water level threshold (32), wherein when
said separated oil (26) reaches the height of said oil outlet threshold (30),
said separated oil (26) is directed to said oil reservoir (14) via said oil
outlet pipe (16), wherein said oil outlet threshold (30) ensures that
substantially only said separated oil (26) enters said oil outlet pipe (18),
and wherein an increase in the length of said nominal water level
threshold (32) increases said outlet surface (33) for maintaining said
separated water (24) at said given water height when water flow rates

increase.

Date Recue/Date Received 2020-06-29 NDED SHEET
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2. The instantaneous separation system of claim 1, wherein the

outdoor electrical equipment (6) is one of a high-power transformer, a

measuring transformer, and an inductor.

3. The instantaneous separation system of claim 1, wherein said
water outlet pipe (18) directs said separated water (24) through a filter (20)

before transporting said separated water (24) to the surroundings.

4, The instantaneous separation system of claim 1, said system (2)

further comprising a control panel (22) to control said system (2).

5. The instantaneous separation system of claim 1, wherein said
capture system (4) further comprises a wall (8) erected around the base of the

outdoor electrical equipment (6).

6. The instantaneous separation system of claim 5, wherein a pre-

separation of oil and water occurs inside said capture system (4).

7. The instantaneous separation system of claim 5, wherein said
capture system (4) further comprises secondary capture zones to capture
leaking oil from at least one cantilevered component of the electrical outdoor

equipment (8).

8. The instantaneous separation system of claim 5§, wherein said
separation reservoir (10) further comprises:

a plurality of deflectors (36), said deflectors (36) installed on the
floor of said separation reservoir (10), said deflectors forcing the
emersion of residual oil suspended in water towards the surface of said
mixture of oil and water,

a solid debris well (38) for separating solids from said mixture of
oil and water, said solid debris well (38) receiving said mixture of oil and
water via an elbow pipe;

an oil detection well (40), said oil detection well (40) comprising
an oil level switch (42) to detect when oil enters said separation reservoir
(10); and

Date Recue/Date Received 2020-08-29 NDED SHEET
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a separation well (44), said separation well (44) comprising said
separation plate (28) and a low water level switch (46), said low water
level switch (46) sending an alarm signal if the water height drops below
a minimum water level.

9. The instantaneous separation system of claim 1, said system (2)
further comprising an oil detection system, said oil detection system comprising
a cage comprising a plurality of flakes of hydrophobic, oil-absorbing material,
wherein when said cage is in the presence of oil, said cage loses its buoyancy

and actuates said oil level switch (42) to activate an oil leak detection alarm.

10.  The instantaneous separation system of claim 1, wherein said
water level threshold (32) is U-shaped along said length for increasing said
outlet surface (33).

Date Regue/Date Received 2020-06-29 AMENDED SHEET
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