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TITLE OF THE INVENTION

STORM WATER RUNOFF TREATMENT SYSTEM
BACKGROUND OF THE INVENTION

[0001] This invention relates in general to water treatment devices, and in particular

to a hydrodynamic separator for removing pollutants from storm water runoff.

[0002] Storm water runoff from the roofs of buildings, bridges, highways, parking
lots, and other urban areas often contains pollutants such as heavy metals, oil, grease, and a
variety of suspended solids including sediment, sand, gravel, and the like. When such
pollutants enter a receiving body of water such as a river, stream, lake, or pond, numerous
adverse environmental effects are likely. Thus, it is desirable to remove as many of these

pollutants as possible before the pollutants enter a receiving body of water.

[0003] While various systems for treating runoff are known, these devices are often
inappropriately sized, complex, expensive, difficult to configure and maintain, experience
high water head loss, require power, and/or may not adequately remove both solid and
floatable pollutants prior to discharging into a receiving body of water. Thus, there is a need
for a space saving, efficient, easy to manufacture storm water treatment device that may be

easily installed and maintained, and that requires little or no electrical power for its operation.

SUMMARY OF THE INVENTION

[0004] Deficiencies in and of the prior art are overcome by the present invention, the
exemplary embodiment of which provides a system for reducing the concentration of various
pollutants found in storm water runoff. The system utilizes a hydrodynamic separator having

at least two concentric cylinders.

[0005] In accordance with one aspect of the present invention, a storm water runoff
treatment system is provided. An exemplary embodiment of this system includes: (a) a source
of storm water runoff such as, but not limited to, a roof, bridge, highway, street, parking lot

and/or paved surface; (b) a hydrodynamic device for removing sediment, oil, grease, and
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other materials from the storm water runoff; and (c) a discharge environment such as, but not

limited to, a river, stream, lake, or pond for receiving the treated storm water runoff.

[0006] In accordance with another aspect of the present invention, a hydrodynamic
device or unit for removing sediment, oil, grease, and other materials from the storm water
runoff is provided. An exemplary embodiment of this device includes: (a) a first substantially
cylindrical chamber that further comprises an upper portion and a lower portion; (b) a second
substantially cylindrical chamber concentrically disposed within the upper portion of the first
chamber, wherein the first chamber and the second chamber form a first annular space or
region therebetween; (c) a first baffle disposed within the second chamber, wherein the
second chamber and the first baffle form a second annular space or region therebetween, and
wherein the first baffle defines an opening or passage through its length; (d) a second baffle
disposed within the lower portion of the first chamber, wherein the second baffle further
comprises a ring-shaped member and a plurality of vertical or angled plates attached to the
ring-shaped member; (¢) an inlet attached to or formed integrally with the second chamber;
(f) an outlet attached to or formed integrally with the first chamber; and (g) an optional
bypass outlet attached to or formed integrally with the first chamber.

[0007] Additional features and aspects of the present invention will become apparent
to those of ordinary skill in the art upon reading and understanding the following detailed
description of the exemplary embodiments. As will be appreciated, further embodiments of
the invention are possible without departing from the scope and spirit of the invention.
Accordingly, the drawings and associated descriptions are to be regarded as illustrative and

not restrictive in nature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are incorporated into and form a part of
the specification, schematically illustrate one or more exemplary embodiments of the
invention and, together with the general description given above and detailed description of

the embodiments given below, serve to explain the principles of the invention.

[0009] FIG. 1 is a semi-transparent perspective view of the exemplary embodiment of
the hydrodynamic storm water runoff treatment device of the present invention showing the

external and internal structure of the device.



WO 2007/011864 PCT/US2006/027663

[0010] FIG. 2 is a top view of the exemplary embodiment of the hydrodynamic storm
water runoff treatment device of the present invention showing the directional flow of water

into and through the device.

[0011] FIG. 3 is a semi-transparent side view of the exemplary embodiment of the
hydrodynamic storm water runoff treatment device of the present invention showing the

internal structure of the device and the directional flow of water into and through the device.

[0012] FIGS. 4A-B are perspective and top views of a first embodiment of the second

baffle of the present invention.

[0013] FIGS. 5A-B are perspective and top views of a second embodiment of the

second baffle of the present invention.

[0014] 'FIGS. 6A-B are perspective and top views of a third embodiment of the

second baffle of the present invention.

[0015] FIG. 7 is a top view of a fourth embodiment of the second baffle of the present
invention.

[0016] - FIG. 8 is a perspective view of a fifth embodiment of the second baffle of the
present invention, wherein the plates support the second baffle above the bottom of the outer
chamber.

[0017] FIGS. 9A-B are perspective and side views of a sixth embodiment of the

second baffle of the present invention, wherein the plates support the second baffle and inner

chamber above the bottom of the outer chamber.

[0018] FIGS. 10A-B are perspective and side views of a seventh embodiment of the
second baffle of the present invention, wherein the ring structure is absent and the plates

support the second baffle and the inner chamber above the bottom of the outer chamber.

DETAILED DESCRIPTION OF THE INVENTION

[0019] This invention relates to systems and devices for use with storm water runoff.
A first general embodiment of this invention provides a treatment system for storm water

runoff. An exemplary embodiment of system includes: (a) a source of storm water runoff
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such as, but not limited to, a roof, bridge, highway, street, parking lot and/or paved surface;
(b) a hydrodynamic device for removing sediment and other materials from the storm water
runoff; and (c) a discharge environment such as, but not limited to, a river, stream, lake, or
pond for receiving the treated storm water runoff. A second general embodiment of this
invention provides a hydrodynamic device or unit for removing sediment, oil, grease, and
other materials from the storm water runoff. An exemplary embodiment of this device
includes: (a) a first substantially cylindrical chamber that further comprises an upper portion
and a lower portion; (b) a second substantially cylindrical chamber disposed within the upper
portion of the first chamber, wherein the first chamber and the second chamber form a first
annular space or flow region therebetween; (c) a first baffle disposed within the second
chamber, wherein the second chamber and the first baffle form a second annular space or
flow region therebetween, and wherein the first baffle defines an opening or passage through
its length; (d) a second baffle disposed within the lower portion of the first chamber, wherein
the second baffle further comprises a ring-shaped member and/or a plurality of substantially
vertical or angled plates attached to the ring-shaped member; () an inlet attached to or
formed integrally with the second chamber; (f) an outlet attached to or formed integrally with
the first chamber; and (g) an optional bypass outlet attached to or formed integrally with the
first chamber. The term “baffle” as it generally relates to the present invention is defined as
“a device or structure that deflects, checks, regulates, or reduces the flow of a liquid such as
water.” The baffles of this invention may also aid in or enhance the removal of pollutants

carried in the water.

[0020] With reference now to the Figures, the exemplary embodiment of
hydrodynamic treatment device 10 shown in FIGS. 1-3 includes a substantially cylindrical
first or outer chamber 12 that further includes an upper portion 14 and a lower portion 16. A
plurality of posts 18 or another attachment member or members may be used to attach outer
chamber 12 to a substantially cylindrical second or inner chamber 20, which is disposed
within outer chamber 12. As best shown in FIG. 2, because the outer diameter of inner
chamber 20 is significantly less than the inner diameter of outer chamber 12, a first space or
annular region 22 is formed between the walls of two chambers. In some embodiments, a
material for capturing and retaining metals is placed in annular region 22. Inlet 28 passes,
through the wall of outer chamber 12 and is attached to or formed integrally with the outer
wall of inner chamber 20. Similarly, outlet 30 is attached to or formed integrally with the

outer wall of outer chamber 12. In some embodiments, a secondary bypass outlet 32 is also
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attached to or formed integrally with the outer wall of outer chamber 12 and is typically

located above outlet 30.

[0021] Again with reference to FIGS. 1-3, in the exemplary embodiment, a first baffle
34 is disposed within inner chamber 20 and is typically attached to or formed integrally with
the inner wall of inner chamber 20. Baffle 34 is located near inlet 28 and typically includes a
planar surface 36. As best shown in FIG. 2, because the outer diameter of baffle 34 is
significantly less than the inner diameter of inner chamber 20, a second space or annular
region 38 is formed between the walls of the baffle and the inmer chamber. In this
embodiment, baffle 34 is semi-cylindrical in shape and defines a passage 40 through its
length. At least one floatable, oil absorbing material 42 or other absorbent/adsorbent material

may be disposed within passage 40.

[0022] As shown in FIGS. 1 and 3, in the exemplary embodiment, a second baffle 50
is disposed within the lower portion 16 of outer chamber 12 and is partially or completely
suspended above the bottom of outer chamber 12. Baffle 50 typically includes a ring-shaped
support structure 52 that further includes a plurality of plates 54 that are attached to and
extend away from the perimeter of ring 52. Alternate configurations of baffle 50 are possible,
and FIGS. 4A-B, 5A-B, 6, 7, 8A-B, 9A-B, and 10A-B provide various views of alternate
embodiments of baffle 50. In some embodiments (see FIGS. 4A-B, 5A-B, and 6A-B), the
plates 54 are connected with, attached to, or formed integrally with the inner wall of outer
chamber 12. In other embodiments (see FIGS. 8, 9A-B, and 10A-B), baffle 50 is a
freestanding structure that sits on the bottom of outer chamber 12 using plates 54 to support
the baffle. In still other embodiments (see FIGS. 9A-B and 10A-B), plates 54 are designed to
support inner chamber 20. In the embodiment of baffle 50 shown in FIGS. 10A-B, ring 52 is
absent and plates 54 support inner chamber 20. In embodiments that include a plurality of
plates 54 attached to or formed integrally with ring 52, plates 54 may be vertical or the plates
may be angled upward as shown in FIGS. 6A-B. In embodiments such as those shown in
FIGS. 5A-B and 6A-B, the horizontal orientation of the plates 54 relative to ring 52 typically

corresponds to the directional flow of the water in outer chamber 12.

[0023] In the exemplary embodiment, the bottom portion of outer chamber 12 is
either permanently or semi-permanently closed. An upper lid 24 is used to close the top
portion of chamber 12 and a lower lid 26 is used to close the bottom portion of chamber 12

when treatment device 10 is in use. These lids may be completely removable or may be
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hinged for alloWing access to the interior of treatment device 10 for cleaning or repairs. Other
types of closure devices are possible for use with the present invention. In some
embodiments, lower lid 26 is absent and the bottom portion of chamber 12 is either

completely sealed or is accessible by way of an access pipe or aperture (not shown).

[0024] The treatment device of the present invention removes pollutants from storm
water runoff and retains these pollutants for removal at a later date. With reference to the
exemplary embodiment shown in FIGS. 2-3, untreated water enters device 10 through inlet
28 and flows into inner chamber 20. Inlet 28 is typically offset from the central vertical axis
of outer chamber 12. The offset inlet and the curved inner surface of inner chamber 20
encourages water entering the device to flow in a clockwise, or alternately a counter-
clockwise, rotational, downward pattern. This flow encourages solids separation and draws
the settleable solids down to the bottom of the device while simultaneously directing oil and
floatables to the upper portion of the unit. After entering inner chamber 20, untreated water
enters first baffle 34 where it contacts the absorbent/adsorbent material 42 contained within
passage 40. The bottom edge of first baffle 34 is typically below the standing (i.e., passive)
water level within the device. Pollutants such as oil are removed from the water and held in
the oil retention zone (see zone “B” in FIG. 3). The pladement of first baffle 34 within inner
chamber 20 reduces the turbulence of the water flowing into inner chamber 20, and directs oil
and floatables to the center of passage 40, thereby enhancing the effectiveness of

absorbent/adsorbent material 42.

[0025] The hydrodynamic motion (see zone “C” in FIG. 3) of the water passing
through treatment device 10 causes the water to flow through the length of inner chamber 20,
out of inner chamber 20, and into the lower portion of outer chamber 12 where it enters the
static zone (see zone “D” in FIG. 3). The placement of second baffle 50 within the lower
portion of outer chamber 12 significantly reduces the velocity and spiraling motion of the
water entering the lower portion of outer chamber 12, thereby permitting sediment, sand,
gravel, dirt, and other relatively heavy suspended solids to settle out of the storm water runoff
and come to rest in the sediment storage zone (see zone “E” in FIG. 3). The construction of
second baffle 50 reduces the tendency of solids to settle only in the center of the bottom of
outer chamber 12, and reduces the likelihood that captured solids will be “scoured” by water
flowing through and out of device 10. In this manner, solids deposited in the bottom of outer

chamber 12 are retained beneath second baffle 50 until the sediment is removed during
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periodic cleaning of the unit. Treated water flows upward through first annular region 22 and
exits treatment device 10 through outlet 30. In some embodiments, at least one
absorbent/adsorbent material for capturing and retaining metals is disposed within annular
region 22 and further reduces pollutant concentrations prior to the treated water exiting

treatment device 10.

[0026] Despite the inclusion of first and second baffle plates 34 and 50, high intensity
flow events may be problematic for the system. To prevent scouring of the retained sediment
and protect the oil retention zone, bypassing of a portion of flow may be necessary under
high flow conditions. If the flow of storm water runoff into treatment device 10 exceeds the
capacity of the device, this excess water enters the bypass zone (see zone “A” in FIG. 3) and

exits device 10 through bypass outlet 32.

[0027] Having generally described this invention, a further understanding can be
obtained by reference to a specific example, which is provided for purposes of illustration
only and is not intended to be all-inclusive or limiting unless otherwise specified. A small-
scale version of hydrodynamic storm water treatment device 10 includes an outer chamber 12
that is about 24 inches in height and about 12 inches in diameter, and an inner chamber 20
that is about 18 inches in height and about 8 inches in diameter. Inlet 28, outlet 30, and
bypass outlet 32 are all about 3 inches in diameter and inlet 28 and outlet 30 are placed about
8 inches below the top edge of outer chamber 12. The central horizontal axis of bypass outlet
37 is about 2.5 inches above the central horizontal axis of inlet 28 and outlet 30. The central
axis of inlet 28 is offset about 3 inches from the central axis of outer chamber 12. First bafile
34 is a cut 270-300° cylinder attached to a plate, which is in turn attached to the inner wall of
inner chamber 20. The dimensions of larger versions of hydrodynamic storm water treatment
device 10 will typically be proportional to the dimensions of smaller versions, although

variations are possible.

[0028] The system and device of the present invention provides numerous advantages
over existing systems and devices. For example, the compact design and vertical orientation
of the hydrodynamic device makes the device useful for applications where horizontal space
is limited. Additionally, the vertical configuration is immediately compatible with the
scupper drains already installed on many bridges and/or can be retrofit to treat drainage from
bridges, whether or not a scupper drain is present. The position of inlet 28 may be changed to

create clockwise or counterclockwise flow as needed. The positions of both outlets 30 and 32
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may be changed to accommodate existing drainage systems into which treatment device 10 is
integrated. The removable upper lid 24, which provides one-point access to the interior of the
device, facilitates periodic cleaning (e.g., removal of sediment) and maintenance (e.g.,
removal and replacement of absorbent/adsorbent materials). For sediment removal, a
closeable drainage pipe may also be included in the bottom of the unit. In embodiments
where the device is only accessible from the top (e.g., where the unit is buried), only a single
manhole is used to access the device. Furthermore, hydrodynamic device 10 typically
requires no electrical power for operation, includes an integrated bypass capability, reduces
water head loss, and may be connected in parallel or in series to other treatment devices,

including additional hydrodynamic storm water runoff treatment devices.

[0029] The hydrodynamic storm water runoff treatment device of the present
invention may be manufactured from a variety of materials using known manufacturing
methods, Some or all of the components of the device may be manufactured from one or
more thermoplastic materials (e.g., HDPE, PVC), which are desirable in some instances (e.g.,
bridge applications) due to their durability and relatively light weight. For other applications,
steel, aluminum, or even concrete may be used for some or all of the device components.
Various combinations of these and other materials are also possible for this invention. For
example, concrete may be used for the outer chamber, while one or more thermoplastic

materials are used for the inner chamber and the other internal components.

[0030] While the present invention has been illustrated by the description of
exemplary embodiments thereof, and while the embodiments have been described in certain
detail, it is not the intention of the Applicant to restrict or in any way limit the scope of the
appended claims to such detail. Additional advantages and modifications will readily appear
to those skilled in the art. Therefore, the invention in its broader aspects is not limited to any
of the specific details, representative devices and methods, and/or illustrative examples
shown and described. Accordingly, departures may be made from such details without

departing from the spirit or scope of the applicant's general inventive concept.
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CLAIMS
What is claimed:

(D A system for treating storm water runoff, comprising:

(a) a source of storm water runoff;

(b) at least one device for treating the storm water runoff in communication with the

storm water runoff, wherein the at least one device further comprises:
(i) a first chamber, wherein the first chamber further comprises an upper
portion and a lower portion;
(ii) a second chamber disposed within the upper portion of the first chamber,
wherein the first chamber and the second chamber form a first flow region
therebetween;
(iii) a first baffle disposed within the second chamber, wherein the second
chamber and the first baffle form a second flow region therebetween, and
wherein the first baffle defines a passage through its length;
(iv) a second baffle disposed within the lower portion of the first chamber;
(v) an inlet attached to or formed integrally with the second chamber; and
(vi) an outlet attached to or formed integrally with the first chamber; and

(c) a discharge environment for receiving treated storm water runoff.

2) The system of claim 1, further comprising multiple devices for treating the storm

water runoff, wherein the devices are cormected to one another in series or in parallel.

(3)  The system of claim 1, further comprising a bypass outlet attached to or formed
integrally with the first chamber.

4) The system of claim 1, further comprising at least one attachment member for

attaching the first chamber to the second chamber.

§)) The system of claim 1, further comprising at least one absorbent or adsorbent material
disposed within at least one of the first flow region and the passage in the first baffle.
(6) The system of claim 1, wherein the source of storm water runoff further comprises a

roof, bridge, highway, street, parking lot, paved surface, or combinations thereof.

(7 The system of claim 1, wherein the first chamber and the second chamber are

substantially cylindrical in shape.



WO 2007/011864 PCT/US2006/027663

(8)  The system of claim 1, wherein the first chamber further comprises at least one of a
top lid for closing the upper portion of the first chamber and a bottom lid for closing the

lower portion of the first chamber.
(9)  The system of claim 1, wherein the first baffle is partially cylindrical in shape.

(10)  The system of claim 1, wherein a portion of the first baffle is attached to or formed

integrally with the second chamber.

(11)  The system of claim 1, wherein the second baffle further comprises a substantially

ring-shaped member.

(12) The system of claim 1, wherein the second baffle further comprises a plurality of

substantially vertical plates.

(14) The system of claim 1, wherein the second baffle further comprises a ring-shaped

member and a plurality of substantially vertical plates attached to the ring-shaped member.

(15) The system of claim 1, wherein at least a portion of the second baffle is suspended

above the bottom of the first chamber.

(16) The system of claim 1, wherein the discharge environment is a river, stream, lake,

pond, or combinations thereof.

(17) A hydrodynamic device for treating storm water runoff, comprising:
(a) a first chamber, wherein the first chamber further comprises an upper portion and
a lower portion;
(b) a second chamber disposed within the upper portion of the first chamber, wherein
the first chamber and the second chamber form a first annular region therebetween;
(c) a first baffle disposed within the second chamber, wherein the second chamber and
the first baffle form a second annular region therebetween, and wherein the first baffle
defines a passage through its length;
(d) a second baffle disposed within the lower portion of the first chamber;
(e) an inlet attached to or formed integrally with the second chamber; and

(f) an outlet attached to or formed integrally with the first chamber.

-10-
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(18) The device of claim 17, further comprising a bypass outlet attached to or formed

integrally with the first chamber.

(19) The device of claim 17, further comprising at least one attachment member for

attaching the first chamber to the second chamber.

(20) The device of claim 17, further comprising at least one absorbent or adsorbent
material disposed within at least one of the first annular region and the passage in the first
baffle.

(21) The device of claim 17, wherein the first chamber and the second chamber are

substantially cylindrical in shape.

(22)  The device of claim 17, wherein the first chamber further comprises at least one of a
top lid for closing the upper portion of the first chamber and a bottom lid for closing the

lower portion of the first chamber.
(23)  The device of claim 17, wherein the first baffle is partially cylindrical in shape.

(24)  The device of claim 17, wherein a portion of the first baffle is attached to or formed
integrally with the second chamber.
(25) The device of claim 17, wherein the second baffle further comprises a substantially

ring-shaped member.

(26) The device of claim 17, wherein the second baffle further comprises a plurality of

substantially vertical plates.

(27) The device of claim 17, wherein the second baffle further comprises a ring-shaped

member and a plurality of plates attached to the ring-shaped member.

(28) The device of claim 17, wherein the second baffle is suspended above the bottom of

the first chamber.,

(29) A hydrodynamic device for treating storm water runoff, comprising;:
(a) a first substantially cylindrical chamber, wherein the first chamber further

comprises an upper portion and a lower portion;

-11 -
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(b) a second substantially cylindrical chamber disposed within the upper portion of
the first chamber, wherein the first chamber and the second chamber form a first
annular region therebetween;

(c) a first baffle disposed within the second chamber, wherein the second chamber and
the first baffle form a second annular region therebetween, and wherein the first baffle
defines a passage through its length;

(d) a second baffle disposed within the lower portion of the first chamber, wherein the
second baffle further comprises a ring-shaped member and a plurality of plates
attached to the ring-shaped member;

(e) an inlet attached to or formed integrally with the second chamber;

(f) an outlet attached to or formed integrally with the first chamber; and

(g) a bypass outlet attached to or formed integrally with the first chamber.

(30) The device of claim 29, further comprising at least one attachment member for

attaching the first chamber to the second chamber.

(31) The device of claim 29, further comprising at least one absorbent or adsorbent
material disposed within at least one of the first annular region and the passage in the first
baffle.

(32) The device of claim 29, wherein the first chamber further comprises at least one of a
top lid for closing the upper portion of the first chamber and a bottom lid for closing the

lower portion of the first chamber.
(33)  The device of claim 29, wherein the first baffle is partially cylindrical in shape.

(34)  The device of claim 29, wherein a portion of the first baffle is connected to or formed

integrally with the second chamber.

(35)  The device of claim 29, wherein a portion of the second baffle is suspended above the

bottom of the first chamber.

-12-
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