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STORMWATER TREATMENT SYSTEM

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No. 60/490,742,
5 filed July 28, 2003, entitled "WATER TREATMENT SYSTEM" the entire contents of which

are herein incorporated by this reference.

FIELD OF THE INVENTION
[0002] The inventions described herein relate to systems, apparatus and methods for
10 removing some or all of a material from a flowing fluid, storm water treatment, water

treatment and purification, and pollution control.

BACKGROUND OF THE INVENTION
[0003] Storm water, as it falls to the ground, forms runoff and often solubilizes pollutants,
15  suspends sediments, and carries trash and debris, collectively referred to as materials, that
have accumulated on surfaces, especially impermeable surfaces such as roadways. The
runoff then flows onward to reach a receiving body of water such as a lake. By carrying,
materials to the receiving body of water, over time, an accumulation of these materials will
occur in the receiving body, potentially harming the environment. Thus, there 1s a need for
20  human intervention to remove pollutants, trash and debris, and/or sediments from runoff to
prevent or limit the amount of these materials from reaching receiving bodies of water.
Ideally, such intervention would remove the materials from the runoff while allowing the
runoff water to continue on to its receiving body of water. Moreover, such intervention

should be automatic and require little supervision or maintenance, or at least rely mainly on

25  scheduled maintenance.

[0004] The invention disclosed herein provides for these objects and more.

BRIEF SUMMARY OF THE INVENTION
[0005] The invention provides systems, apparatus, and methods for using the same for

30 removing a material from a flowing liquid, such as storm water. The invention provides 1n
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one aspect a system for removing material from a flowing liquid. Some embodiments of the
system include one or more cartridges, where each cartridge has an outer permeable wall and
an inner permeable wall that form a media region between the walls. A media is disposed
within at least part of the media region to remove at least a portion of the material from the
flowing liquid. The cartridge may also include an inner cartridge lumen in fluid
communication with the inner permeable wall, and a cartridge outlet in fluid communication
with the inner cartridge lumen. The system also includes a cartridge chamber having a
treatment region that houses the one or more cartridges. The cartridge chamber may also
include a chamber inlet to accept the flowing liquid, and a chamber outlet to discharge treated
liquid. They system may further include an actuatable valve positionexd outside the one or
more cartridges. The valve controls a flow rate of the flowing liquid within the treatment

region by actuating in response to a change in a level of the liquid in the treatment region.

[0006] Some embodiments of the system include one or more cartridges, where each
cartridge has an outer permeable wall and an inner permeable wall that form a media region
between the walls. A media is disposed within at least part of the media region to remove at
least a portion of the material from the flowing liquid, the cartridge also having an mner
cartridge lumen in fluid communication with the inner permeable wall, and a cartridge outlet
in fluid communication with the inner cartridge lumen. The system also includes a cartridge

chamber for the one or more cartridges. The cartridge chamber may also include a chamber

“inlet and a chamber outlet. A conduit may provide fluid communication between the

chamber outlet and the cartridge outlet, and the cartridge outlet may be attached to the
conduit by a non-threaded coupling. The system may also include an actuatable valve
positioned outside the one or more cartridges. The valve controls a flow rate of the flowing
liquid within the system by actuating in response to a change in a level of the liquid in the

cartridge chamber.

[0007] Some embodiments include having the valve being actuated to increase a flow of
the liquid through the valve as the level of the liquid increases within the treatment region,
having the level of the liquid being maintained about a selected level within the treatment
region, having the cartridge be a plurality of cartridges, and further comprising a manifold in
fluid communication with each of the plurality of cartridges and the valve, having the
cartridge chamber is wholly or partly made of concrete, having the cartridge rest upon a floor

of the cartridge chamber.
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[0008] Some embodiments include one or more supports being in between the cartridge
and the floor for elevating the cartridge above the floor, the cartridge outlet and the valve
communicating through a manifold, including a coupling for connecting the cartridge outlet
to the manifold, for example where the coupling is made wholly or partly from a flexible
material and where the cartridge outlet is separable from the manifold or the coupling, and
where the valve is a gate valve (e.g., a variable rate valve) where the cartridge 1s press-fit
attached to the coupling or the manifold and/or attached to the coupling or the manifold using
a non-threaded coupling, and/or where all of the manifold is removable from the cartridge

chamber.

[0009] Some embodiments have the media being selected from the group consisting of

compost, vermiculite, activated carbon, zeolite, perlite, ion exchange media, peat, and sand.

[0010] Some embodiments include having the cartridges further comprise a retainer
connection boss or recess and the system further comprises a retainer for retaining the
cartridge in or about a selected position within the cartridge chamber, having a cartridge
chamber service entrance sized to permit entry of a person into the cartridge chamber (e.g.,
through a service entrance located on a top wall of the cartridge chamber) and the system
further comprising a landing region beneath the service entrance, wherein the person, upon

entry into the cartridge chamber, can occupy the landing region.

[0011] In some embodiments the flowing liquid 1s water (e.g., storm water) in some
embodiments, the liquid is non-aqueous or the liquid comprises water and the material
comprises a material component selected from the group consisting of sediment, fine
suspended solids, algae, plant material, animal waste, pollutants, oil, agricultural by-products,

herbicides, pesticides, trash, debris, heavy metals, copper, phosphates, and phosphorous.

[0012] In yet another aspect of the invention, the invention provides for a system for
removing material from a flowing liquid. The system including one or more cartridges, the
cartridge having an outer permeable wall, an inner permeable wall, the outer permeable wall
and the inner permeable wall defining a media region therebetween, media disposed within
some or all of the media region, the media being able to remove some or all of the material
from the flowing liquid when the flowing liquid contacts the media, an inner cartridge lumen
in communication with the inner permeable wall, and a cartridge outlet port in
communication with the inner cartridge lumen; a cartridge chamber for chamber the

cartridges, the chamber having a chamber inlet, a chamber outlet, the chamber outlet being in
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communication with the cartridge outlet via a conduit; a valve for regulating flow through the
cartridge chamber, the valve being actuated 1n response to changes 1n a liquid level inside ot
the cartridge chamber; wherein the cartridge outlet is attached to the conduit through a non-
threaded coupling.

[0013] Another aspect of the invention provides a method for removing a material from a
flowing liquid comprising the steps of providing a system comprising a cartridge chamber
having a chamber inlet and a chamber outlet, and one or more cartridges therein, the cartridge
having an outer permeable wall, an inner permeable wall, the outer permeable wall and the
inner permeable wall defining a media region therebetween, media disposed within some or
all of the media region, the media being able to remove some or all of the material from the
flowing liquid when the flowing liquid contacts the media, an inner cartridge lumen n
communication with the inner permeable wall, and a cartridge outlet port in communication
with the mner cartridge lumen; flowing the liquid containing the material through the system
so that the flowing liquid flows through the cartridge and contacts the media, whereby some
or all of the material binds to the media so that some or all of the material 1s removed from

the flowing liquid once passed through the cartridge chamber.

[0014] Another aspect of the invention provides a method for changing cartridges in a
cartridge chamber used for removing material from a flowing liquid comprising the steps of:
providing a system comprising a cartridge chamber having a chamber 1nlet and a chamber
outlet, and one or more cartridges therein, the cartridge having an outer permeable wall, an
inner permeable wall, the outer permeable wall and the inner permeable wall defining a
media region therebetween, media disposed within some or all of the media region, the media
being able to remove some or all of the material from the flowing liquid when the flowing
liquid contacts the media, an inner cartridge lumen 1n communication with the inner
permeable wall, and a cartridge outlet port in communication with the inner cartridge lumen,
the cartridge outlet port being in communication with the chamber outlet via a conduat,
wherein the cartridge outlet is attached to the conduit by a non-threaded coupling; detaching
the cartridge from the conduit; and, replacing the cartridge with a new cartridge by attaching
the cartridge to the conduit with the non-threaded coupling.

10015] Yet another aspect of the invention provides a method for changing cartridges in a
cartridge chamber used for removing material from a flowing liquid comprising the steps of:

providing a system comprising a cartridge chamber having a chamber 1nlet and a chamber
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outlet, and one or more cartridges therein, the cartridge having an outer permeable wall, an
inner permeable wall, the outer permeable wall and the inner permeable wall defining a
media region therebetween, media disposed within some or all of the media region, the media
being able to remove some or all of the material from the flowing liquid when the flowing
liquid contacts the media, an inner cartridge lumen in communication with the inner
permeable wall, and a cartridge outlet port in communication with the inner cartridge lumen,
the cartridge outlet port being in communication with the chamber outlet via a conduit,
wherein the cartridge outlet is attached to the conduit by a non-threaded coupling, wherein
the cartridge chamber further comprises a valve for controlling the flow of the liquid through
the cartridge chamber, the valve actuating in response to changes in a liquid level inside of
the cartridge chamber outside of the cartridges so as to maintain the liquid level inside of the
cartridge chamber about a selected level while liquid is flowing through the cartridge
chamber; detaching the cartridge from the conduit; and, replacing the cartridge with a new

cartridge by attaching the cartridge to the conduit with the non-threaded coupling.

[0016] Additional embodiments and features are set forth in part in the description that
follows, and in part will become apparent to those skilled in the art upon examination of the
specification or may be learned by the practice of the invention. The features and advantages
of the invention may be realized and attained by means of the instrumentalities,

combinations, and methods described in the specification.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] Fig. 1 depicts an array of cartridges arranged within a cartridge chamber.

[0018] Figs. 2a—d show various cartridge attachments to a manifold.

[0019] Fig. 3 depicts plan-view of embodiments of a treatment system.

[0020] Fig. 4 depicts a graphical representation of system characteristics.

[0021] Fig. 5 depicts another graphical representation of system characteristics.

10022] Fig. 6 depicts a cross-sectional view of embodiments of a treatment system.
[0023] Fig. 7 depicts embodiments of a treatment system operating in a low-tlow state.

[0024] Fig. 8a depicts a cross-sectional view of embodiments of system operating a

treatment state.
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[0025] Fig. 8b depicts a cross-sectional view of embodiments of an over-flow diverter

operating in an over-flow state.

[0026] Fig. 9a depicts a perspective-view of embodiments of an over-flow diverter

operating in a high-flow state.

[0027] Fig. 9b depicts a perspective-view of embodiments of an over-flow diverter

operating in an over-flow state.

[0028] Figs. 10a and 10b depict a cross-sectional view of embodiments of an over-tlow

diverter operating in an over-flow state.

[0029] Figs. 11a and 11b depict a plan-view of a diverter.

[0030] Figs. 12a through 12c depict a plan-view of a system.

[0031] Figs. 13a through 13¢ depict a plan-view of a support system.

[0032] Figs. 14a and 14b depict a cross-sectional view of use of a retainer support.

DETAILED DESCRIPTION OF THE INVENTION
[0033] The invention provides systems, devices, and methods for using the same for
treating flowing water, for example removing some or all of pollutants carried 1n storm water
runoff. In general, the invention provides for a treatment system comprising a cartridge
chamber having an inlet and an outlet, and one or more cartridges housed therein. The
cartridges contain media that is suitable for removing one or more pollutants from storm
water when contacted with the media. The treatment system further includes devices that
work in concert to regulate the flow of liquid through the cartridge chamber so that the
cartridges operate within selected flow rates to optimize pollutant removal efficiency,
including, but not limited to, valves for regulating the flow of liquid through the cartridges,
and diverters for diverting excess liquid flow to prevent release of retained pollutants from

the cartridge chamber 1n the event of over-tflow events.

General System

[0034] Fig. 1 depicts a perspective-view of a system according to embodiments of the
invention. Liquid treatment system 100 comprises cartridge chamber 110, which houses
cartridges 120 attached to manifold 130. Beneath the perspective-view 1is an 1dealized side-

view showing the three general regions of the cartridge chamber, an overflow control region
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333, a treatment region 313, and a flow control region 334. Cartridge chamber 110 is further
divided into flow control region, treatment region that comprises a sedimentation zone and a
treatment zone, and a valve region, wherein a valve to regulate flow through the system 1s
housed. In general, liquid flows into cartridge chamber 110 through an inlet, not shown. The
liquid then flows towards and through cartridges 120 and on through manifold 130, which
leads to an outlet, not shown. As the liquid flows through cartridge chamber 110, material,
(e.g., pollutants and sediments) are removed from the flowing liquid. For example, as liquid
carrying sediment enters the cartridge chamber, its velocity slows to permit sedimentation
upon the floor of cartridge chamber 110. The flow of liquid out of cartridge chamber 110
may, for example, be regulated to cause a rise in liquid level within cartridge chamber 110
resulting in the creation of liquid head above cartridges 120. Treatment region 313 1s further
divided into a treatment zone 502, wherein liquid enters into cartridges 120 when the liquid 1s
present in treatment zone 502, and sedimentation zone 503, wherein sediments suspended 1n
inflowing liquid can settle and accumulate below cartridges 120, when supported above the

floor of the cartridge chamber.

Cartridges and Manifolds

[0035] Fig. 2a shows a cartridge 120 having cartridge outer wall 140 and cartridge inner
wall 150, having disposed therebetween, media region 154 having therein and media 155, and
wherein inner wall 150 further defines cartridge lumen 153 that 1s 1n communicationf with
cartridge outlet 170. Cartridge outlet 170 attaches to either directly to manifold 130 or
indirectly through coupling 180. The coupling 180 may attach to either manifold 130,
cartridge outlet 170, or both, and may be attached using a threaded coupling, or non-threaded
coupling, which may include one or more hose-type clamps, a slip fit fitting, a bayonet-type
fitting, compression fitting. In some embodiments, coupling 180 has a length long enough to
permit elevation of cartridge 120 above the floor of the cartridge chamber so as to prevent
accumulation of sediment against some or all of outer wall 140 by creating a sedimentation
area disposed between the floor of the cartridge chamber and cartridge 120. In some
embodiments, cartridge 120 may be disassembled to permit cleaning of the inner and outer
cartridge walls and to permit exchange or reconditioning of media 155. Retainer boss or
recess 613 provides for a point of attachment or contact for a retainer bar to restrict
movement of cartridge 120 during operation. Retainer boss 613 may be placed on the portion

of cartridge 120 opposite cartridge outlet 170.
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[0036] On occasion, cartridges 120 may be removed from the system for servicing or
replacement. In embodiments where the coupling 1s a slip-fit, press-fit, or compression type
coupling, a coupling separator tool may be used to separate the coupling from the manifold,
thus liberating cartridge 120. For example, a coupling separator tool may be a lever handle
terminating in a bifurcation, wherein the distance between each prong is greater than that of
the width or diameter of the coupling, so as to permit the bifurcation to slide past the coupling
so that the lever handle may be articulated to cause a separating force to be applied between
the coupling and either the manifold or the cartridge outlet, or both, resulting 1n the

separation of the cartridge from the manifold.

|

[0037] Cartridge 120 may be fabricated from a variety of materials. For example, the outer
and inner cartridge wall may be made from a permeable material, such as a porous material
or a screen, plastic, polymer(s), and/or metal (e.g., aluminum, steel, stainless steel, etc.).
Outer and inner walls 140 and 150 may be specially treated to minimize accumulation ot
material onto their surfaces. For example, outer wall 140 may be coated with a non-sticking
material such as PTFE or Teflon, to prevent the sticking of sediments to the surface of outer
wall 140. In other embodiments, a pre-filter sleeve, not shown, may be placed against outer
wall 140 to provide additional treatment capacity to cartridge 120. Pre-filter sleeves may be
made from foam (e.g., elastomeric foam) woven fabric, (e.g., fiberglass or a polymer). In
use, pre-filters would be exchanged at in between cartridge exchanges to effectively prolong
the life of the cartridge. This is especially useful in applications where fine suspended solids
are found which do not readily sediment, yet are large enough to plug the interstitial spaces
within the bed formed by the media. In this situation, the pre-filter would serve to trap such
fine solids from the liquid prior to the liquid contacting the media in the bed. Pre-filters may
also provide a treatment to the fluid different than the treatment provided by the media, thus
creating a combination of treatments. Moreover, in some embodiments, media may be mixed
media, wherein different media components are layered and/or mixed together within the
media region of cartridge 120. Cartridges may further comprise ends 141 which server to
space-apart outer and inner cartridge walls 140 and 150, and to close off the ends of the
media space. Ends 141 may be made from wood, metal, plastic or a polymer, among other
material compatible with the liquid to be treated. Ends 141 may further include one or more
recesses for receiving the outer and/or inner cartridge wall edges, to retain and protect the

edge of such walls from catching or snagging during movement or exchange of cartridges

120.
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[0038] Cartridge 120 may further include outer shroud that, in some embodiments, further
protects cartridge outer wall 140 from plugging by providing a longer fluid f)ath for which
fluid containing fine solids must travel. This longer path serves to reduce the turbulence of

the fluid as it enters cartridge 120. The outer shroud may further provide for other benefits as

~ described 1n U.S. Patent Nos. 6,027,639, by Lenhart, ef al., and 5,707,527, by Knutson, et al.,

both of which are herein incorporated by reference for all purposes, and the specific purposes

disclosed therein and herein.

[0039] Fig. 2b depicts a linear array of cartridges 120 that are attached to manifold 130 via
coupling 180. The plurality of cartridges 120 are held in position by retainer 600. Fig. 2¢
illustrates how coupling 180 (joining cartridge 120 to manifold 130) may be elongate. Fig.
2d illustrates how the coupling 180 may be flexible between cartridge 120 and manifold 130.
When coupling 180 is flexible, it may be fashioned to permit movement of each cartridge 120
about its attachment to manifold 130 and also with respect to other cartridges 120. Some
embodiments use a flexible hose that 1s press-fit or slip fitted into the cartridge outlet, to

provide for ease of removal of cartridge 120 during servicing or exchange.

[0040] Fig. 3 depicts a plan-view (i.e., bird's eye view) of the cartridge chamber 110 having
therein a plurality of cartridges 120. Also shown 1s diverter 310, and valve housing 2435 that

houses a valve. Both the diverter and valve housing are further described below.

Valves and Valve Actuation

[0041] Embodiments of the system may include the use of a flow valve and diverter to
control the level (e.g., depth) of liquid in the cartridge chamber as well as the flow rate of
liquid passing through the chamber. Line A of the idealized graph shown in Fig. 4 plots the
depth of liquid 1n a cartridge chamber as a function of the rate liquid is flowing into the
chamber system (Line B). The graph also shows an overflow rate of liquid discharging from
the system (Line C) as a function of the flow rate of liquid entering the system. Additional

details about the interrelationships between the liquid depth, liquid inflow rate, and overflow

discharge rate shown 1n Fig. 4 will be given below.

[0042] In operation, a valve may be used to regulate the depth of liquid 1n the cartridge
chamber. Liquid to be treated flows through the cartridges, into the cartridge lumens, onward
through the coupling and manifold towards the valve, wherein the valve controls the flow of
liquid through the cartridges so as to substantially maintain the level of liquid collected in the

cartridge chamber about a selected level within a range of system inflow rates. Fig. 5
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. provides an idealized graphical depiction of the relationship between the liquid discharge rate

from the cartridge system, controlled at least in part by valve actuation, as a function of the
liquid depth in the treatment region of the cartridge chamber. Regton "(v)" of Fig. S1s a
region where the depth of liquid in the treatment region is low enough that the valve remains
substantially closed. With the valve closed, liquid may accumulate in the cartridge chamber
until the liquid level rises to a certain point (i.e.,Npoint "E™). When the liquid level rises to
point "E", the valve may begin to open ("actuation"), to increase the flow of liquid from the
treatment region through the cartridges and onward to the outlet. The valve opening may
increase with rising liquid level throughout region "(w)", until the valve is fully open at point
"F". After point "F" is reached, the liquid discharge rate through the open valve may increase
slightly with increasing depth as shown by region "(x)". When the liquid level in the
chamber reaches point "G" overflow liquid may discharge from the system, further increasing

the discharge rate in region "(y)".

[0043] Fig. 6 depicts an embodiment of a cartridge system in operation, shown 1n cross-
sectional view. As shown, cartridge system 100 comprises cartridge chamber 110 having
chamber inlet 210 and chamber outlet 220. Inside cartridge chamber 110 1s cartridge 120,
which is in communication with valve 230 through coupling 180 and manifold 130, wherein
valve 230 is actuated by changes in fluid level 200 of treatment region 313 shown in Fig. 1.
Valve 230 is actuated by valve shaft 240, which 1s connected to valve arm 250, as valve arm
250 changes position, as shown by the double arrow, in relation to changes 1n fluid level 200
that causes movement of float 261 which acts on valve arm 250 through float connecting
shaft 280. As shown in the embodiment depicted in Fig. 6, as float 261 moves upward away
from floor 110, valve arm 250 moves up to open valve 230, thus permitting increased
amounts of liquid to flow through valve 230, which causes increased flow through media

155, thereby removing some or all material in a fluid flowed through the cartridge system.

[0044] Fig. 7 depicts valve 230 in a closed state in response to liquid level 200 being below
the point of actuation for valve 230. In some embodiments, a residual amount of fluid
remains in treatment region 313 in Fig. 1, so as to keep sedimentation zone 503 hydrated to
minimize the caking of sediments. In some embodiments, a drain port permits the draming of
treatment zone 502 liquid from the cartridge chamber so that the liquid level inside the

treatment region 313 is maintained slightly above the sedimentation zone 503.

10
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[0045] Fig. 8a depicts an embodiment wherein diverter 310 further comprises treatment
conduit 211 for introducing liquid into treatment region 313 1n Fig. 1 within or about
sedimentation zone 503, through diffuser 212, which directs effluent from treatment conduit
211 in a direction substantially parallel to the chamber floor, to reduce sediment stirring
during operation. In some embodiments, diffuser 212 is a "tee" having an 1nlet and two or

more outlets.

[0046] In operation, the system depicted in Fig. 8a operates in the following manner. After
liquid enters the system through chamber inlet 210, it passes through diverter 310, wherein
the liquid in a first non-overflow state flows into diverter 310, and is entirely routed into
treatment conduit 211, which terminates inside of treatment region 313 1n or about
sedimentation zone 503. As the liquid level rises from sedimentation zone 313 into treatment
zone 502, the float 261 begins to move upward thus actuating valve 230. Upon actuation,
valve 230 opens and liquid will begin to flow through cartridge 120, onward through ’
manifold 130 and through valve 230, ultimately exiting the system through outlet 220. By
routing liquid directly into the sedimentation zone, suspended sediments may settle onto the
floor of the chamber more quickly than if the liquid were entered into the top of the treatment
region 313, thereby further limiting the potential for clogging of the outer wall and media of
cartridge 120.

[0047] In another embodiment, a valve may be used to control the flow of liquid from the
cartridge lumen in relation to the level of liquid inside cartridge lumen 130. An example of
this type of valve arrangement is described in U.S. Patent Nos. 6,027,639, by Lenhart, ef al.,
and 5,707,527, by Knutson, et al., both of which are herein incorporated by reference for all
purposes, and the specific purposes disclosed therein and herein. The valve system of
Lenhart or Knutson may be combined with the valve system of the present invention to

further control the level of liquid both inside and outside of the cartridge.

[0048] Fig. 8b depicts the system operating in an over-flow state wherein the liquid flow
rate is great enough to cause a portion of the liquid to flow over diverter weir 320 and on
through by-pass conduit 300. Both the by-pass routed portion of the liquid and the portion
that flowed through the cartridges, "treated" liquid, reunite, in some embodiments, 1n valve
housing 245, prior to flowing outside of the system through chamber outlet 220. In other
embodiments, treated and by-pass portions of the liquid may be handled independently

outside of the cartridge system.
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10049] In some embodiments, valve 230 is not actuated until liquid level 200 is above the
top region of cartridge 120 so that substantially all of outer cartridge wall 150 is submerged
under liquid before valve 230 is actuated to increase the flow of fluid from cartridge lumen
153 through conduit 230, and ultimately through outlet 210. In some embodiments, a low
flow outlet permits fluid to pass through the cartridge system when the flow rate is low,
wherein the fluid passes through cartridge 120. In some embodiments, the low flow outlet 1s
achieved by incomplete closure of valve 230, or by liquid path between treatment region 313

and chamber outlet 220.

Over-Flow and Diversion

[0050] Another aspect of the invention provides, in certain embodiments, for a diverter for
diverting over-flow liquid to a by-pass conduit so as to further regulate the liquid level within
the cartridge chamber treatment area. A diverter may be external and upstream to the
cartridge chamber, or may be located inside of the cartridge chamber. Locating the diverter
inside of the cartridge chamber can reduce the cost of construction because only one hole
needs to be dug, for in-ground installations, and because all components can be included 1n a
pre-fabricated "one-piece"” structure, or in pieces that may be assembled at the system's

installation site.

[0051] A diverter acts mainly to prevent flow through the treatment region 313 1n excess of
the flow that can be passed through the cartridges to prevent overflowing of the treatment
region 313 and scouring or scavenging of the settled 'sediments captured in the treatment
region 313 from carrying such sediments further downstream of the system. By diverting
overflow around the treatment region 313, the 1iquid that is to be treated can be treated 1n a
manner which optimizes cartridge capacity, including, maintaining flow through the cartridge
in a flow rate range consistent with the optimal flow rate range for the particular cartridge and
the media contained therein, as well as optimizing the sedimentation conditions within the

treatment region 313 shown in Fig. 1.

[0052] As noted above, Fig. 4 depicts a graphical illustration representing characteristics of
embodiments of a system where the diverter and the flow valve work together to manage
liquid flow through the cartridge chamber. Line A represents the relative depth of liquid in
the treatment region 313, line B represents the rate of flow of liquid entering the system, and
line C represents the flow rate of over-flow liquid discharging from the system. During the

time when line B approaches point (p) on the graph, the control valve is substantially shut to
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cause inflowing liquid to accumulate in the treatment region 313 as shown by line A, which
shows that the depth of water rapidly rises, due to accumulation, then plateaus as the liquid
level achieves a desired depth and the valve opens to increase flow of liquid through the
cartridges. The beginning of liquid by-pass begins at point (q), where regulation of water
flowing into the treatment region 313 begins to be limited by the diverter, as inflowing liquid
begins to spill over an over-flow weir that is in communication with a by-pass conduit which
transfers liquid from the inlet side of the system, to the outlet side of the system, and may be
joined with post-treatment effluent flowing from the cartridges. As system inflow further
increases during by-pass, flow through the treatment region 313 remains substantially the
same, however, slight increases in liquid level occur as shown by the sloped region of line A
captioned (r). Once system inflow exceeds the capacity of by-pass, excess inflowing liquid 1s
routed into the treatment region 313, which, at'point (t) establishes a level higher than the
valve housing weir, causing a portion of the water from the treatment region 313 to flow
directly into the valve housing without first flowing through the cartridge, hence resulting in

a second-stage by-pass flow path being formed.

[0053] Fig. 9a depicts an exemplary diverter 310 in communication with inlet 210 having
liquid flow 50 flowing therethrough. As liquid flow 50 flows into diverter 310, 1t splits 1nto
two flow routes 333, routing about over-flow weir walls 315, which are spaced-apart from
diverter walls 312 at a distance such that when liquid flow 50 exceeds a certain flow rate, a
portion of liquid flow 50, over flow 330, spills over weir wall 320 and flows down through
overflow conduits 300, then outside of the cartridge chamber 110. The non-diverted portion
of liquid flow 50, treatment flow 335, flows out from diverter outlets 337 1nto treatment

region 313, where it then flows through the cartridges, manifold, valve and chamber outlet.

[0054] Fig. 9b depicts an alternative embodiment, wherein flow routes 330 include routing
the liquid into treatment conduits 339, and optionally through a diverter tee 314 mto a split
flow path 370, which flows outward for distance in a direction substantially parallel to the

floor of the cartridge chamber.

[0055] Figs. 10a and 10b depict a cross-sectional view of diverter 310. In Fig. 10a, the
flow of liquid, shown as an arrow, through diverter 310 is at a rate that 1s below over flow.
Fig. 10b depicts in cross-section how a portion of the liquid flow, shown as a bifurcated

arrow, flows over diverter weir 320 and downward through over-flow conduit 300.
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[0056] TFig. 11a depicts a plan-view of an exemplary embodiment of a diverter. Inlet 210
routes liquid flow 50 into diverter 310, wherein two flow paths 61 are established and flow
towards treatment region 313. Fig. 11b depicts the same plan-view of Fig. 11a, but shows the
effect of an increased liquid flow 50 causing a portion of that liquid to spill over diverter weir
320, and flow onward through over-flow conduits 300 thereby causing a portion of liquid

flow 50 to by-pass treatment region 313.

[0057] Figs. 12a through 12¢ depict a plan-view flow scheme at different flow stages for
embodiments according to the invention. Fig. 12a depicts the flow scheme through cartridge
chamber 110 of the system when during the accumulation stage. Valve 230 is shut 1n
response to a low liquid level in the treatment region 313, preventing flow of treated liquid
flow 500 from manifold 130 from exiting cartridge chamber 110 and causing liquid to
accumulate in treatment region 313. In Fig. 12a, the cartridges and support racks have been
removed for clarity. Since Fig. 12a is 1n sub-overtlow state, substantiaﬂy no fluid 1s present

in the bypass conduit 300 or in chamber outlet 220.

[0058] Fig. 12b depicts the flow route of the system when it is in treatment stage, wherein
treated liquid flow 500 flows through now open valve 230 to pass through valve housing 245
and outlet 220 as effluent 501. The flow rate of effluent 501 varies in accordance to the
system inflow rate so as to maintain the liquid level in the treatment region 313 about a
selected level (e.g., above the cartridges). Accordingly, during relatively low inflow events,
effluent 501 will likewise be relatively low, even though the liquid level within the treatment

region 313 is maintained about a selected level, (e.g., above the cartridges).

[0059] Fig. 12 ¢ depicts the flow route of the system when it is in treatment/overflow stage.
As in Fig. 12b, treated liquid flow 500 continues to flow through valve 230, housing 245, and
outlet 220 to become effluent 501. Meanwhile, diverter 310 has gone 1nto overtlow state and
a portion of the inflowing liquid is flowing over diverter weir 320 and flowing through by-
pass conduit 300 as non-treated liquid overflow 520, which may be blended with treated
liquid flow 500 to form a composite effluent 501 containing treated and non-treated liquid.

In other embodiments, treated liquid flow 500 and non-treated liquid overtlow 520 are routed
to different receiving bodies. A non-limiting example being that the treated liquid flow 1s
routed to a storage reservoir for irrigation, whereas the untreated liquid flow 1s routed to a

natural receiving body.
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[0060] In some embodiments, a diverter is situated outside of the cartridge chamber,
wherein the diverter routes over-flow around the cartridge chamber. In some embodiments, a
secondary by-pass conduit may be located inside of the cartridge chamber to 1ncrease by-pass
flow capacity beyond the flow capacity<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>