
STORMWATER FILTRATION APPARATUS, SYSTEM AND METHOD CROSS-REFERENCES The
present application claims the benefit of U.S. Provisional Application
Serial No. 61/240,808, filed September 9, 2009, the entirety of which is
incorporated herein by reference. TECHNICAL FIELD [0001]The present
application relates generally to a stormwater filtration apparatus and, in
particular, a modular stormwater filter assembly having backflow
capability. BACKGROUND [0002]Stormwater is generally rainwater plus any
particulate debris and dissolved materials that the rainwater runoff
carries along with it. In urban areas, rain that falls on the roofs of
buildings, collects on paved areas like driveways, roads, runways and
sidewalks is typically diverted through a system of pipes that is separate
from the sewerage system. [0003]Stormwater can be a form of diffuse or
non-point source pollution. It can entrain pollutants, such as garbage,
sediment, organic matter, heavy metals, and organic toxins, and transport
them into receiving natural bodies of water. As a consequence, natural
bodies of water that receive stormwater may also receive pollutants capable
of irreparable environmental harm. 



[0004]The amount of stormwater pollution entering into such receiving
bodies of water is related to the degree of urbanization in the surrounding
area and the nature of the surrounding activities. Urbanization results in
the covering of land with low/nopermeability structures, such as roadways,
parking lots, and rooftops, which both generate large volumes of stormwater
and accumulate pollutants. Since these types of surfaces do not allow
rainfall to infiltrate, they allow the accumulated pollutants to be carried
into stormwater drainage systems. [0005]In an effort to address the
environmental problems posed by polluted stormwater, traps and filters for
stormwater have been developed. For example, U.S. Pat. No. 5,322,629
describes a method and apparatus for treatment of stormwater by vertical
filtration through a bed of high-quality leaf compost material that removes
pollutants prior to discharge into a receiving water body. [0006]A granular
form of compost that improves the overall performance of such filtration
systems was described in U.S. Pat. No. 5,624,576. The permeability of a
filter  containing such granular compost is increased, and can be
maintained for an extended period of time. [0007]The filter apparatus
described in U.S. Pat. No. 6,027,639 features a siphon- inducing mechanism.
The filter apparatus utilized a sealed upper housing that included a check
valve for air evacuation within the housing. An induced siphon effect
pulled stormwater through the filter until air was pulled through an air
inlet along the lower perimeter of the housing, disrupting the siphon. It
was intended that the air stream that resulted from such a siphon-breaking
event would produce turbulence and thereby clean the filter. [0008]As use
of such filter cartridges becomes more and more common, the desire 



and need for a cartridge with increased useful life increases, so as to
reduce the frequency with which the cartridges might need to be replaced
(e.g., with a replacement cartridge) or maintained (e.g., via a service
call in which the cartridge media is replaced). SUMMARY [0009]In one
aspect, a stormwater filter cartridge includes a housing having a water
inlet and a filtered water outlet, and a filter medium disposed along a
flow path between the water inlet and the filtered water outlet. A drainage
space forms at least part of the flow path and is disposed between a
downstream side of the filter medium and the filtered water outlet. A solid
wall float tube disposed in the drainage space has an open lower end and
open upper end, the solid wall float tube movable between a lowered
position that inhibits or substantially restricts filtered water at the
bottom of the drainage space from passing to the filtered water outlet and
a raised position that permits free flow of filtered water to the filtered
water outlet. A fluid reservoir is in fluid communication with the drainage
space and is disposed within the housing and above the filter medium for
collecting filtered water as water level in the housing rises while the
solid wall float tube is in the lowered position. As the housing fills,
water level in the housing rises to cause the solid wall float tube to move
to the raised position and a negative pressure can be established in the
housing that draws fluid through the filter medium. As water level outside
the filter cartridge drops, air enters the housing via the water inlet and
causes the solid wall float tube to drop to the lowered position, and
filtered water in the fluid reservoir backflows through the filter medium
and out of the housing through the water inlet while air enters the housing
by passing upward through the solid wall float tube so as to enhance rate
of backflow.  WO 2011/031653PCT/US2010/047937 [0010]In one implementation
of the foregoing aspect, the drainage space is centrally located within the
housing, the filtered water outlet is at the bottom of the drainage space,
and the drainage space is defined at least in part by a tube that surrounds
the solid wall float tube and which is perforated along at least a lower
section thereof [0011]In a further implementation of the foregoing aspect
or implementation, an upper portion of the perforated tube is not
perforated. [0012]In a further implementation of the foregoing aspect or
any foregoing 



implementation, the filter medium may be formed by one or more of a
granular filter media, a pelletized filter media, a filter fabric or a
filter mesh. [0013]In a further implementation of the foregoing aspect or
any foregoing implementation, the fluid reservoir may include an associated
check valve for purging air from the fluid reservoir as it fills with
filtered water. [0014]In a further implementation of the foregoing aspect
or any foregoing implementation, at least one upwardly extending air flow
passage may be provided from an upper portion of the fluid reservoir to an
upper portion of the drainage space. [0015]In a further implementation of
the foregoing aspect or any foregoing implementation, a deflecting
structure may be located below the air flow passage in the drainage space.
[0016]In a further implementation of the foregoing aspect or any foregoing
implementation, a stormwater treatment system includes a plurality of
filter cartridges and a containment structure includes an inlet and at
least one drain manifold, each filter cartridge within the containment
structure having its outlet connected to deliver filtered stormwater to the
drain manifold. [0017]In another aspect, a stormwater filter assembly
includes a housing including an inlet and an outlet. An inner float tube is
located within the housing and has a lower end associated with the outlet,
the float tube movable between a lowered position that inhibits or
substantially restricts filtered water from passing to the outlet and a
raised position that permits flow of filtered water to the outlet, the
inner float tube having a flow passage therein from its lower end to its
upper end. An outer tube is disposed about the inner float tube defining a
flow space therebetween for receiving filtered stormwater. A filter medium
is disposed between the inlet and the outer tube through which stormwater
travels during a filtering operation, the inner float tube extends upward
above a height of the filter medium and the outer tube extends upward above
the height of the filter medium. A fluid reservoir 



is located above the filter media for collecting filtered stormwater as
water level in the housing rises while the inner float tube is in the
lowered position. During a stormwater filtration event water level in the
housing rises to cause the inner float tube to move to the raised position
and a negative pressure is established in the housing that draws fluid
through the filter medium. As water level outside the filter cartridge
drops, air enters the housing and disrupts the reduced pressure condition
and causes the inner float tube to drop to the lowered position and
filtered water in the fluid reservoir backflows through the filter medium
and out of the housing while air enters the housing by passing upward
through the inner float tube along the flow passage so as to enhance rate
of backflow. [0018]In yet another aspect, a method of filtering stormwater
to remove contaminants involves: flowing stormwater into a filter unit;
purging air from the filter housing as the filter unit fills with
stormwater; providing a float tube within the unit in a lowered position
that inhibits filtered stormwater from exiting through an outlet of the
filter unit; filling an upper fluid reservoir of the filter unit with
filtered stormwater; moving the float tube to a raised position that
permits filtered stormwater to exit the outlet and creating a reduced
pressure condition that draws stormwater through the filter unit; as water
level around the filter housing drops: air enters the filter unit and
disrupts the reduced pressure condition and causes the float tube to drop
back to the lowered position; and filtered water in the fluid reservoir
backflows through the filter unit while air enters the filter unit by
passing upward through the float tube so as to enhance rate of backflow.
BRIEF DESCRIPTION OF THE DRAWINGS [0019]Fig. 1 is a partial perspective of
a filter assembly installation; [0020]Fig. 2 is a partial perspective view
of an alternative filter assembly installation; [0021]Fig. 3 is a partial
cross-section of an embodiment of a filter apparatus with a solid walled,
floatable center tube, with the tube in a lowered position during filling
and backflush; [0022]Fig. 4 is a partial cross-section of the embodiment of
Fig. 3 with the tube in 



a raised position during filtration flow through the filter assembly;
[0023]Fig. 5 is a partial cross-section of one embodiment of an air flow
arrangement for the fluid reservoir; and [0024]Fig. 6 is a partial
cross-section of another embodiment of an air flow arrangement for the
fluid reservoir.  DETAILED DESCRIPTION [0025]Referring to Fig. 1, a
manifold 10 of filter assemblies 12 is shown. The filter assemblies 12 are
typically housed in a containment structure 14, represented in Fig. 1 in
dashed line form, which may, by way of example, be a concrete vault or
other buried tank structure that is generally adapted to receive stormwater
runoff (e.g., via an inlet 11) from a stormwater drainage conduit, a
parking lot, a street, or other impermeable and/or semi-impermeable
surface. The containment structure 14 may include a forebay 13 that
includes a storm water settling basin that facilitates settling of
particulates and debris from the stormwater. However, the containment
structure 14 may not require a settling basin in implementations where the
filter assemblies 12 are elevated above the floor 16 of the containment
structure. The elimination of the settling basin can allow for placement of
additional filter assemblies 12 within a containment structure 14 of the
same size footprint by expanding the water treatment zone. [0026]A given
containment structure 14 may contain a single filter assembly 12, but more
typically contains two or more filter assemblies. The internal drainage
space of each filter assembly 12 is in fluid communication with a drain
manifold or manifolds 18 that may be embedded in the containment structure
14, as shown in FIG. 1. However, in some embodiments, the drain manifolds
or flow piping may not be embedded in concrete or the containment
structure). The drain manifold 18 may lead to a trough (e.g., a covered or
uncovered trough) which is in communication with a common drainage conduit.
The clarified stormwater leaving the containment structure 14 may be
released through the outlet 15 into a receiving water body, or diverted to
an additional treatment device for further purification. In an alternative
arrangement, as per Fig. 2, the filter assemblies may be elevated above the
bottom surface of the containment structure 14'. Multiple saddle structures
17 support respective drain manifolds/conveyance conduits 18 and each
filter could be positioned above a respective saddle member 17 (e.g., as
per U.S. Patent No. 7,638,066). 



[0027]The filter assembly 12 serves to channel stormwater through a filter
medium, and facilitate efficient filtration of the stormwater. Referring to
the embodiment of Figs. 3 and 4, filter assembly 12 is substantially
enclosed by a housing formed by a hood 20 and base 30. The hood optionally
may include a plurality of voids (not shown) to enhance the regulated
surface cleaning of the filter medium. The voids may be arranged in a
horizontally-aligned array within the material of the hood, for example
higher than but near a lower edge 22 of hood 20. [0028]Hood 20 can be
attached to the filter assembly 12 via a cap 24, which may threadingly
engage an upward-extending end of an internal perforated tube 26, that
extends along a vertical, central axis of the hood 20 or the hood may be
attached to the filter assembly by other means. The connection between the
cap 24 and the hood 20 may be sealed, for example, through the use of a
hood gasket 21 of an appropriate sealing material, such as neoprene rubber.
The cap 24 may further include an air valve 23 (e.g., a one way check
valve) for allowing air to escape from the filter assembly 12 during a
storm event, but preventing the inflow of water through the valve when the
filter unit is submerged. In some embodiments the valve 23 may be
eliminated and the air simply purges the filter by passing down the tube 44
described below. [0029]The components of the filter assembly 12 are
supported by a base 30 (e.g., a circular base with a central opening 31 in
the case of the illustrated filter assembly) of water-impermeable material,
preferably plastic. This base 30 is seated over a connector 32 that serves
as the connection point between the filter assembly 12 and the drain
manifold 18 or saddle 17. The connector 32 is in fluid communication with
the inner drainage space 34 that is in turn in fluid communication with a
filter medium 36 (e.g., granular or pelletized filter media). The filter
medium 36 is disposed in an annular space 35 between an internal tube 26
and an external screen and/or filter fabric 28 and extends upward from the
base 30 to a sealed annular plate member 31. An outer screen support ring
40 is also provided. Internal of perforated tube 26 is a movable, central,
solid-walled drain tube 44 with a float 47 at its top portion. An annular
volume 45 defined between the drain tube 44 and the perforated tube 26
forms a fluid path along which fluid may travel to and from a filtered
water or backflush reservoir 48 located above and separated from the filter
medium 36. [0030]The filter assembly 12 generally relies on hydraulic
pressure to initially force water through the filter medium 36 and the
filter assembly is therefore at least partially submerged in stormwater
during normal operation. As shown by the arrows 60, 62 and 64 in the left
side of Fig. 3 depicting exemplary initial inflow, stormwater enters the
filter assembly 12 from beneath hood 20, infiltrates radially inward
through the outer screen 28 and filter medium 36, and travels into the
volume 45 located between the drain tube 44 and the perforated tube 26.
Filtration occurs as the water is strained through, and comes into contact
with, the filter medium 36 during this initial flow, but outflow from the
cartridge is prevented by the engagement between the lower end of tube 44
and the connector 32 as shown. Once in the volume 45, the filtered
stormwater travels vertically upward and will then flow into the reservoir
48 located above the filter medium 36. [0031]As the reservoir 48 fills and
the water level in space 45 similarly rises 



upward toward the location of the float 47, the float eventually causes the
tube 44 to pop upward into the position shown in Fig. 4. The tube 44 is
preferably positioned and configured such that this floating action of the
center tube occurs before the water rises high enough to flow down into the
top opening 70 of the tube 44, but variations in which some flow down the
tube 44 occurs prior to upward movement of the tube 44 are contemplated.
Once the tube 44 shifts upward, continued flow 80 through the media enters
the space 45 and travels downward into the drain outlet of the cartridge
(per arrows 82). The falling water then induces a reduced pressure
condition that pulls water through the filter medium 36. As filtration
continues and water passes through the cartridge the fluid reservoir 48
remains full or substantially full of filtered water. As a storm event
begins to subside and water level outside the housing starts to drop, the
water level within the housing is not affected and a standing column of
water within the housing, including the reservoir 48, is maintained, and
the reduced pressure condition or siphon effect continues to draw
stormwater through the filter assembly 12. When the water surface elevation
outside the hood 20 drops low enough such that air is able to enter the
housing (e.g., below the level of the lower edge 22 of the hood), the
pressure differential between the outside and the inside of the hood 20
then causes outside air to be drawn beneath the hood in seeking to equalize
the pressure. [0032]As air flows into the housing, it tends to migrate into
the upper portion of the space 45 around the upper end of the float tube.
Once the presence of air in the housing is sufficient to permit the float
tube to drop back to the lowered position, the reduced pressure condition
or siphon effect is completely broken. Filtered stormwater that has
accumulated in the reservoir 48 begins a journey back through the filter
assembly 12. In particular, per the right side of Fig. 3 as shown by flow
arrows 90, 92 and 94 the filtered stormwater travels from the reservoir 48,
vertically down the path between the drain tube 44 and the perforated tube
26, radially outwardly through the filter media 36 and beneath the hood 20.
This backflush of filtered stormwater can serve to loosen and remove
particles trapped in the filter media 36, thereby increasing the longevity
of the filter media. The passage in the tube 44 thus allows air to enter
the cartridge from the drain manifold 18, enhancing the rate of backflow of
water out of the filter. [0033]In one implementation, an upper portion 98
(Fig. 3) of the tube 26 could be made without perforations to focus the
inflow of air into the hood under the hood edge into space 45. Referring
now to the partial view of Fig. 5, in one embodiment, the center tube 26,
hood 20 or both could include one or more upwardly directed air flow
passages 100 from the reservoir 48 to the upper end of the drainage space
34. These passages 100 will permit air flow to exit the reservoir 48 per
flow arrows 102 on the left side of Fig. 5 as the reservoir fills from
below with filtered water (e.g., during a cartridge filling operation).
Conversely, the passages 100 will permit air that flows upward through the
tube 44 to enter the upper portion of the reservoir 48 as shown by arrows
104 on the right side of Fig. 5 as filtered water exits the reservoir at
the lower portion of the reservoir and backwashes through the filter.
Moreover, the passages 100 may be configured with deflecting portions 106
at the lower edges thereof such that bubbles of air moving upward in the
drainage space 34 (e.g. as air enters the filter housing and passes through
the filter medium due to low water level outside the hood) tend to be
pushed away from the passages 100. In this manner the bulk of the incoming
air will be focused in the immediate area around the float 47, rather than
moving into the reservoir 48, causing the float tube to drop sooner and
providing a greater volume of water for backflush. Referring to Fig. 6, in
another embodiment, the reservoir 48 itself may include an associated
one-way air outlet valve 110 that permits air to purge from the reservoir
during reservoir fill as shown in the left side of Fig. 6. During a
backwash operation, a one-way air valve 112 permits air to flow from the
drainage space into the upper portion of the reservoir 48 as shown in the
right side of Fig. 6 as filtered water leaves the lower portion of the
reservoir 48. Other air flow variations are possible. [0034]The size of the
reservoir 48 may be selected to provide a back flush of stormwater of a
preselected volume. In one implementation, the size of the reservoir 48 is
set by the use of standard component sizes. For example, where
non-backflush filter cartridges (such as those described in U.S. Patent No.
6,027,639 or PCT Patent Publication No. WO/2008/140919) are available in
two different standard sizes (e.g., and 18 inch tall size and a 27 inch
tall size), an improved backflush cartridge can be achieved by utilizing
the hood 20 and perforated tube 26 from the standard 27 inch high cartridge
in combination with the filter media screen and space of the standard 18
inch high cartridge, with the addition of the plate 31 and the floating
solid wall center tube 44. Such an implementation provides a manufacturing
methodology for the three different filter cartridges (i.e., standard 18
inch, standard 27 inch and 27 inch backflush) with reduced new part
requirements. Specifically, to manufacture a standard 18 inch cartridge the
hood, tube and filter media screen for the 18 inch are used, to manufacture
a 27 inch standard cartridge the hood, tube and filter media screen for the
27 inch are used, and to manufacture the 27 inch backflush the hood and
tube for the 27 inch are used in combination with the filter media screen
for the 18 inch. [0035]While the filters above are described primarily in
connection with 



housings in which water enters from beneath a lower edge and then flows
radially through an annular media space, variations are possible. For
example filters in which water enters through the bottom of the cartridge
are possible. Additionally, a variety of types of filter mediums could be
located within cartridges, such as fabric type filters, mesh filters, media
based filters and combinations of the same, as well as configuration
variations such as spiral wound filters with various flow patterns.
[0036]It is to be clearly understood that the above description is intended
by way of illustration and example only and is not intended to be taken by
way of limitation, and that changes and modifications are possible.
Accordingly, other embodiments are contemplated and modifications and
changes could be made without departing from the scope of this application
as expressed by any claims now included or hereafter added. [0037]What is
claimed is:  Claims 1A filter cartridge for removing pollutants from
stormwater, comprising: a housing having a water inlet and a filtered water
outlet;       a filter medium disposed along a flow path between the water
inlet and the filtered water outlet;       a drainage space that forms at
least part of the flow path and that is disposed between a downstream side
of the filter medium and the filtered water outlet;       a solid wall
float tube disposed in the drainage space and having an open lower end and
open upper end, the solid wall float tube movable between a lowered
position that inhibits or substantially restricts filtered water at the
bottom of the drainage space from passing to the filtered water outlet and
a raised position that permits free flow of filtered water to the filtered
water outlet; 



a fluid reservoir in fluid communication with the drainage space and
disposed within the housing and above the filter medium for collecting
filtered water as water level in the housing rises while the solid wall
float tube is in the lowered position;       wherein, as the housing fills,
water level in the housing rises to cause the solid wall float tube to move
to the raised position and a negative pressure can be established in the
housing that draws fluid through the filter medium;       wherein, as water
level outside the filter cartridge drops, air enters the housing via the
water inlet and causes the solid wall float tube to drop to the lowered
position, and filtered water in the fluid reservoir backflows through the
filter medium and out of the housing through the water inlet while air
enters the housing by passing upward through the solid wall float tube so
as to enhance rate of backflow.  2. The filter cartridge of claim 1 wherein
the drainage space is centrally located within the housing, the filtered
water outlet is at the bottom of the drainage space, and the drainage space
is defined at least in part by a tube that surrounds the solid wall float
tube and which is perforated along at least a lower section thereof  3. The
filter cartridge of claim 2 wherein an upper portion of the perforated tube
is not perforated.  WO 2011/031653PCT/US2010/047937  4. The filter
cartridge of claim 1 wherein the filter medium comprises one or more of a
granular filter media, a pelletized filter media, a filter fabric or a
filter mesh.  5. The filter cartridge of claim 1 wherein the fluid
reservoir includes an associated check valve for purging air from the fluid
reservoir as it fills with filtered water.  6. The filter cartridge of
claim 1 wherein at least one upwardly extending air flow passage is
provided from an upper portion of the fluid reservoir to an upper portion
of the drainage space.  7. The filter cartridge of claim 6 wherein a
deflecting structure is located below the air flow passage in the drainage
space. 



8. A stormwater treatment system including a plurality of filter cartridges
in accordance with claim 1, the system including:       a containment
structure including an inlet and at least one drain manifold, each filter
cartridge within the containment structure and having its outlet connected
to deliver filtered stormwater to the drain manifold.  9. A stormwater
filter assembly, comprising: a housing including an inlet and an outlet;
an inner float tube within the housing and having a lower end associated
with the outlet, the float tube movable between a lowered position that
inhibits or substantially restricts filtered water from passing to the
outlet and a raised position that permits flow of filtered water to the
outlet, the inner float tube having a flow passage therein from its lower
end to its upper end;       an outer tube disposed about the inner float
tube defining a flow space therebetween for receiving filtered stormwater;
a filter medium disposed between the inlet and the outer tube through which
stormwater travels during a filtering operation, the inner float tube
extends upward above a height of the filter medium and the outer tube
extends upward above the height of the filter medium; a fluid reservoir
located above the filter media for collecting filtered stormwater as water
level in the housing rises while the inner float tube is in the lowered
position;       wherein during a stormwater filtration event water level in
the housing rises to cause the inner float tube to move to the raised
position and a negative pressure is established in the housing that draws
fluid through the filter medium;       wherein, as water level outside the
filter cartridge drops, air enters the housing and disrupts the reduced
pressure condition and causes the inner float tube to drop to the lowered
position and filtered water in the fluid reservoir backflows through the
filter medium and out of the housing while air enters the housing by
passing upward through the inner float tube along the flow passage so as to
enhance rate of backflow. 



10. The filter assembly of claim 9 wherein the inner float tube and outer
tube are centrally located within the housing, the filtered water outlet is
at the bottom of the housing, the outer tube includes a plurality of
openings along at least a lower section thereof  11. The filter assembly of
claim 10 wherein an upper portion of the outer tube is not perforated.  12.
The filter assembly of claim 9 wherein the filter medium comprises one or
more of a granular filter media, a pelletized filter media, a filter fabric
or a filter mesh.  13. The filter assembly of claim 9 wherein the fluid
reservoir includes an associated check valve for purging air from the fluid
reservoir as it fills with filtered water.  14. The filter assembly of
claim 9 wherein at least one upwardly extending air flow passage is
provided from an upper portion of the fluid reservoir to an upper portion
of the flow space.  15. The filter assembly of claim 14 wherein a
deflecting structure is located below the air flow passage in the flow
space.  16. A stormwater treatment system including a plurality of filter
assemblies in accordance with claim 9, the system including:         a
containment structure including an inlet and at least one drain manifold,
each filter assembly within the containment structure and having its outlet
connected to deliver filtered stormwater to the drain manifold. 17.A method
of filtering stormwater to remove contaminants, comprising: flowing
stormwater into a filter unit; 



purging air from the filter housing as the filter unit fills with
stormwater; providing a float tube within the unit in a lowered position
that inhibits filtered stormwater from exiting through an outlet of the
filter unit; filling an upper fluid reservoir of the filter unit with
filtered stormwater;       moving the float tube to a raised position that
permits filtered stormwater to exit the outlet and creating a reduced
pressure condition that draws stormwater through the filter unit; as water
level around the filter housing drops:             air enters the filter
unit and disrupts the reduced pressure condition and causes the float tube
to drop back to the lowered position; and             filtered water in the
fluid reservoir backflows through the filter unit while air enters the
filter unit by passing upward through the float tube so as to enhance rate
of backflow. 


