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(57) ABSTRACT 

An ex?ltration apparatus for removing contaminants from a 
?uid includes a housing, a ?lter portion positioned within the 
housing, and a particulate collecting member. The housing 
de?nes a ?uid ?ow path extending from a ?uid inlet disposed 
on a ?rst side of the housing to a ?uid outlet disposed on a 
second side of the housing. The particulate collecting mem 
ber is disposed within the housing between the ?uid inlet and 
the ?lter portion. The particulate collecting member includes 
a recessed particulate collecting portion proximate the ?lter 
portion and a raised apertured portion proximate the ?uid 
inlet. Fluid ?owing along the ?uid ?ow path passes through 
the particulate collecting member and through the ?lter por 
tion before exiting through the ?uid outlet. 
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EXFILTRATION APPARATUS 

RELATED APPLICATIONS 

[0001] This application is a continuation of and claims 
priority to, and any bene?t of, US. patent application Ser. No. 
13/092,509, ?led on Apr. 22, 2011, entitled EXFILTRATION 
APPARATUS, which is a continuation-in-part application of 
and claims priority to, and any bene?t of, US. patent appli 
cation Ser. No. 11/952,560, ?led on Dec. 7, 2007, entitled 
IMPROVED EXFILTRATION APPARATUS, which claims 
priority to, and any bene?t of, US. Provisional Patent Appli 
cation Ser. No. 60/ 869,308, ?led on Dec. 8, 2006, entitled 
IMPROVED EXFILTRATION APPARATUS, and US. Pro 
visional Patent Application Ser. No. 60/949,089, ?led on Jul. 
11, 2007, entitled IMPROVED EXFILTRATION APPARA 
TUS. The entire disclosures of each of the above references 
are fully incorporated herein by reference. 

SUMMARY 

[0002] According to an embodiment of the present appli 
cation, an ex?ltration apparatus for removing contaminants 
from a ?uid includes a housing, a ?lter portion positioned 
within the housing, and a particulate collecting member. The 
housing de?nes a ?uid ?ow path extending from a ?uid inlet 
disposed on a ?rst side of the housing to a ?uid outlet disposed 
on a second side of the housing. The particulate collecting 
member is disposed within the housing between the ?uid inlet 
and the ?lter layer. The particulate collecting member 
includes a recessed particulate collecting portion proximate 
the ?lter layer and a raised apertured portion proximate the 
?uid inlet. Fluid ?owing along the ?uid ?ow path passes 
through the particulate collecting member and through the 
?lter portion before exiting through the ?uid outlet. 
[0003] According to another embodiment of the present 
application, an ex?ltration apparatus for removing contami 
nants from a ?uid includes a housing, a ?lter portion posi 
tioned within the housing, and an insert disposed within the 
housing between a ?uid inlet and the ?lter layer. The housing 
de?nes a ?uid ?ow path extending from the ?uid inlet dis 
posed on a ?rst side of the housing to a ?uid outlet disposed on 
a second side of the housing. The insert includes a plurality of 
?uid permeable apertures, and de?nes at least one ?uid retain 
ing chamber providing an open volume in which backed up 
?uid is permitted to accumulate. 

DESCRIPTION OF DRAWINGS 

[0004] In the accompanying drawing, which are incorpo 
rated in and constitute a part of the speci?cation, embodi 
ments of the invention are illustrated, which, together with the 
detailed description given below, serve to exemplify embodi 
ments of the invention. 

[0005] FIG. 1 is a schematic representation of a ?rst 
embodiment of an ex?ltration apparatus as disclosed in the 
present application; 
[0006] FIG. 2 is a perspective view of a second embodiment 
of an ex?ltration apparatus as disclosed in the present appli 
cation; 
[0007] FIG. 3 is a perspective view of the apparatus of FIG. 
2 illustrating a ?rst portion of the apparatus being removable 
from a second portion of the apparatus; 
[0008] FIG. 4 is a cross-sectional view of the ?rst portion of 
the apparatus of FIG. 2; 
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[0009] FIG. 5 is a cross-sectional view of the second por 
tion of the apparatus of FIG. 2; 
[0010] FIG. 6 is a cross-sectional view of the apparatus of 
FIG. 2; 
[0011] FIG. 7 is a perspective view of a third embodiment 
of an ex?ltration apparatus as disclosed in the present appli 
cation; 
[0012] FIG. 8 is a cross-sectional view of the ?rst portion of 
the apparatus of FIG. 7; 
[0013] FIG. 9 is a cross-sectional view of the second por 
tion of the apparatus of FIG. 7; 
[0014] FIG. 10 is a cross-sectional view of the apparatus of 
FIG. 7; 
[0015] FIG. 11 is sectional view of a container for use with 
the embodiment of FIG. 7; 
[0016] FIG. 12 is a partial sectional view of the container of 
FIG. 11 taken along line A-A; 
[0017] FIG. 13 is a cross sectional view of a second 
embodiment of a top portion for an ex?ltration apparatus as 
disclosed in the present application; 
[0018] FIG. 14 is a cross sectional view ofa fourth embodi 
ment of an ex?ltration apparatus as disclosed in the present 
application; 
[0019] FIG. 15 is a cross sectional view of another embodi 
ment of an ex?ltration apparatus as disclosed in the present 
application; 
[0020] FIG. 15A is an enlarged partial cross sectional view 
of the ex?ltration apparatus of FIG. 15; 
[0021] FIG. 16 is a cross sectional view ofanother embodi 
ment of an ex?ltration apparatus as disclosed in the present 
application; 
[0022] FIG. 17 is a cross sectional view of another embodi 
ment of an ex?ltration apparatus as disclosed in the present 
application; and 
[0023] FIG. 18 is a cross sectional view of another embodi 
ment of an ex?ltration apparatus as disclosed in the present 
application. 

DETAILED DESCRIPTION 

[0024] The present application discloses an improved ex?l 
tration apparatus for removing contaminants from surface 
runoff water, such as for example, stormwater or snowmelt 
that does not soak into the ground. In one embodiment, the 
apparatus is realized as an ex?ltration trench, installable in 
the ground, that includes at least one ?lter/sorptive layer (i.e. 
a layer that provides a ?ltering and/ or sorptive function). 
While the embodiments illustrated and described herein are 
presented in the context of a rectangular, two-piece ex?ltra 
tion trench having a ?rst ?lter/sorptive layer made of porous 
concrete and a second ?lter/sorptive layer for highway drain 
age applications, those skilled in the art will readily appreci 
ate that the present invention may be used and con?gured in 
other ways. For example, the ex?ltration apparatus may be 
used in applications other than highway drainage, including, 
but not limited to, ?ltering run-off water from parking lots, 
railway tracks/right-of-way and railway yards, golf courses, 
or any application in which cleaning water or some other ?uid 
is desired. In addition, the apparatus is not required to be 
two-pieces or any particular shape or size. An apparatus hav 
ing more than two pieces, for example, may be used. Further 
more, the apparatus can have more or less than two ?lter/ 
sorptive layers. Any number of layers may be used for a 
particular application. Still further, the materials used for the 
layers need not necessarily be porous concrete or a particular 
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?lter or sorptive material. The materials used to ?lter out 
suspended and/ or dissolved material may be selected from a 
broad range of suitable materials for a speci?c application of 
the apparatus. For example, in a particular application, a 
certain metal or organic material may be more prevalent in the 
surface water runoff. The number of material layers, the order 
in which the ?uid contacts each layer, and the type of material 
used in the layers may be customized for the particular appli 
cation to remove the certain metal or organic material. 

[0025] While various aspects and concepts of the invention 
are described and illustrated herein as embodied in combina 
tion in the exemplary embodiments, these various aspects and 
concepts may be realized in many alternative embodiments, 
either individually or in various combinations and sub-com 
binations thereof. Unless expressly excluded herein all such 
combinations and sub-combinations are intended to be within 
the scope of the present invention. Still further, while various 
alternative embodiments as to the various aspects and fea 
tures of the invention, such as alternative materials, struc 
tures, con?gurations, methods, devices, and so on may be 
described herein, such descriptions are not intended to be a 
complete or exhaustive list of available alternative embodi 
ments, whether presently known or identi?ed herein as con 
ventional or standard or later developed. Those skilled in the 
art may readily adopt one or more of the aspects, concepts or 
features of the invention into additional embodiments within 
the scope of the present invention even if such embodiments 
are not expressly disclosed herein. Additionally, even though 
some features, concepts or aspects of the invention may be 
described herein as being a preferred arrangement or method, 
such description is not intended to suggest that such feature is 
required or necessary unless expressly so stated. Still further, 
exemplary or representative values and ranges may be 
included to assist in understanding the present invention how 
ever, such values and ranges are not to be construed in a 
limiting sense and are intended to be critical values or ranges 
only if so expressly stated. 
[0026] It should be noted that for the purposes of this appli 
cation, the terms attach (attached), connect (connected), and 
link (linked) are not limited to direct attachment, connection, 
or linking but also include indirect attachment, connection, or 
linking with intermediate parts, components, or assemblies 
being located between the two parts being attached, con 
nected, or linked to one another. In addition, the terms attach 
(attached), connect (connected), and link (linked) may 
include two parts integrally formed or unitarin constructed. 
[0027] FIG. 1 schematically illustrates one embodiment of 
an ex?ltration apparatus as disclosed in the present applica 
tion. The apparatus 100 includes a housing or containment 
structure 102, within which, one or more ?lter/sorptive layers 
may be disposed in order to clean ?uid that ?ows through the 
housing. The housing 102 may be con?gured in a variety of 
ways.Any structure capable of containing and supporting one 
or more ?lter/sorptive layers and allow ?uid that ?ows 
through the housing to come into contact with the layers may 
be used. In the depicted embodiment, the housing 102 has a 
?rst portion 104 containing a ?rst ?lter/sorptive layer 106 and 
a second portion 108 containing a second ?lter/sorptive layer 
110. The ?rst portion 104 has a ?uid inlet 112 and a ?uid 
outlet 114 and the second portion 108 has a ?uid inlet 116 and 
a ?uid outlet 118. The ?rst portion 104 is arranged relative to 
the second portion 108 such that ?uid exiting the ?uid outlet 
114 of the ?rst portion ?ows into the ?uid inlet 116 of the 
second portion. 
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[0028] In operation, ?uid enters the ?uid inlet 112, ?ows 
through ?rst ?lter/sorptive layer 106 in the ?rst portion 104, 
and exits the ?uid outlet 114. Upon exiting the ?uid outlet 
114, the ?uid then enters the ?uid inlet 116 of the second 
portion 108, ?ows through the second ?lter/sorptive layer 
110, and exits the ?uid outlet 118. The ?rst ?lter/sorptive 
layer 106 and the second ?lter/sorptive layer 110 remove 
suspended and dissolved contaminants from the ?uid. A wide 
variety of ?lter/sorptive materials may be used in the layers, 
such as ?ltration media, adsorption media, coated media 
(such as amphoteric oxide coated media), or microorganism 
containing media (such as a media containing bacteria that 
can decompose or biodegrade organic material or petro 
chemicals). Any suitable material capable of removing 
undesired contaminants or constituents from a ?uid may be 
used. Each ?lter/sorptive layer may be selected to remove one 
or more types of contaminants, such as, but not limited to, 
used motor oil and greases, heavy metals such as cadmium, 
chromium, copper, lead, and zinc, brake dust, pesticides, salt, 
deicing chemicals, sediment, phosphorus, and other constitu 
ents including tire rubber, nutrients, and organic chemicals 
and compounds. 

[0029] Furthermore, each ?lter/sorptive layer may contain 
one or more ?lter/sorptive materials. In the depicted embodi 
ment, the housing 102 contains two ?lter/sorptive layers. The 
apparatus 100, however, may contain more or less than two 
layers. Still further, the amount of ?lter/sorptive material in 
each layer may be modi?ed for a given application. Thus, the 
amount of and type of ?ltering can be customized for a given 
application. 
[0030] The ?rst portion 104 is removable from the second 
portion 108, thus allowing access to the second ?lter/sorptive 
layer 110 via the ?uid inlet 116 of the second portion 108 for 
cleaning and/or replacement. The ?rst portion 104 may 
include one or more lifting aids 120 attached to the ?rst 
portion 104 or recessed in a surface of the ?rst portion. A 
lifting device may connect to the lifting aids 120 to remove 
the ?rst portion 104 from the second portion 108. For 
example, the one or more lifting aids 120, may include, but 
not be limited to, hooks, eyelets, loops, handles, or other 
suitable structure ?xably attached to or recessed in the ?rst 
portion. 
[0031] FIGS. 2 and 3 illustrate a second embodiment of an 
ex?ltration apparatus 200 as disclosed in the present applica 
tion. The depicted embodiment of the ex?ltration apparatus 
200 is con?gured as a trench adapted to be installed in the 
ground. The apparatus 200 includes a housing or containment 
structure 202, within which one or more ?lter/sorptive layers 
may be disposed in order to clean ?uid that ?ows through the 
housing. The apparatus 200 and housing 202 may be con?g 
ured in a variety of way, including various shapes, sizes, and 
materials used. For example, the dimensions and shape of the 
ex?ltration apparatus 200 and housing 202 may vary depend 
ing on the design requirements and constraints of the appli 
cation and installation site, including the area to be drained, 
the slope, the climate (likely frequency and intensity of 
weather events; much winter weather may lead to more salt or 
other deicing chemicals mixed in the runoff), geometry of the 
site, size of available right-of-way, and other relevant factors. 
Any structure capable of containing and supporting one or 
more ?lter/sorptive layers and allowing ?uid to ?ow through 
the housing to come into contact with the layers may be used. 
In the depicted embodiment, the housing 202 has a ?rst por 
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tion 204 containing a ?rst ?lter/sorptive layer 206 and a 
second portion 208 containing a second ?lter/sorptive layer 
210 (see FIG. 6). 
[0032] Referring to FIGS. 3 and 4, the ?rst portion 204 is a 
generally rectangular, box-shaped structure, but a cylindrical 
design or other shapes are also possible. The ?rst portion 204 
includes a ?rst end 212 that de?nes a ?uid inlet 214 and a 
second end 216 that de?nes a ?uid outlet 218. The ?uid inlet 
214 and the ?uid outlet 218 are connected by a through 
passage 219. The ?rst end 212 includes a ?rst end face 220 
and a recessed border 222 surrounding the ?uid inlet 214. The 
second end 216 includes a second end face 224 and an outer 
shoulder 226. One or more lifting aids 230 (FIGS. 2 and 3) 
may be attached to or recessed in the ?rst portion 204 to which 
a lifting device, such as a hoist, crane, or other lifting means, 
may attach. The lifting aids 230 may be con?gured in a 
variety of ways. For example, the one or more lifting aids 230, 
may include, but not be limited to, hooks, eyelets, loops, 
handles, or other suitable structure ?xably attached to or 
recessed in the ?rst portion. 
[0033] Referring to FIGS. 3 and 5, the second portion 208 
is a generally rectangular, box-shaped structure, but a cylin 
drical design or other shapes are also possible. The second 
portion 208 includes a ?rst end 232 that de?nes a ?uid inlet 
234 and a second end 236 that de?nes a ?uid outlet 238 and 
includes an end wall 240. The ?uid inlet 234 and the ?uid 
outlet 238 are connected by a through passage 242. The ?uid 
outlet 238, in the depicted embodiment, is con?gured as a 
plurality of openings 244 located in the end wall 240. The 
number of openings 244, the size and shape of each opening, 
and the placement of each opening may vary in other embodi 
ments. 

[0034] The ?rst end 232 includes a ?rst end face 250 and a 
recessed border 252 surrounding the ?uid inlet 234. The 
recessed border 252 is con?gured to receive the second end 
216 of the ?rst portion 204. The second end 236 includes a 
second end face 254 through which the plurality of openings 
extend. 
[0035] One or more lifting aids 260 (FIGS. 2 and 3) may be 
attached to the side of or the interior of the second portion 
208, to which a lifting device, such as a hoist, crane, or other 
lifting means, may attach. The lifting aids 260 may be con 
?gured in a variety of ways. For example, the one or more 
lifting aids 260, may include, but not be limited to, hooks, 
eyelets, loops, handles, or other suitable structure ?xably 
attached to or recessed in the second portion. 
[0036] The housing 202 may be made from any suitable 
material(s) that will provide su?icient structural support for 
the apparatus when used for a particular application. In the 
depicted embodiment, the housing 202 is made of class C 
concrete and may be suitable for installation in the ground 
next to a roadway. Any suitable method or process to make the 
apparatus may be used. For example, in one embodiment, 
forms or moulds of portions of the apparatus may be created 
and a concrete mixture may be placed in the forms and 
allowed to solidify and harden. 
[0037] Referring to FIGS. 2 and 6, the apparatus 200 is 
illustrated in an assembled condition with the ?rst portion 204 
positioned adjacent to or inserted into the second portion 208. 
The ?rst ?lter/sorptive layer 206 is positioned within the 
through passage 219 of the ?rst portion 204. The ?rst ?lter/ 
sorptive layer may be con?gured in a variety of ways. Any 
material or combination of materials that ?lters larger sus 
pended particles and pollutants from a ?uid ?owing through 
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the layer, while also not signi?cantly resisting the ?uid ?ow 
such that ?uid back-up readily occurs, may be used. In the 
depicted embodiment, the ?rst ?lter/sorptive layer 206 is a 
porous concrete layer, such as a course aggregate with a 
cement paste. A porous asphalt layer is another non-limiting 
example that may be a suitable material for the ?rst ?lter/ 
sorptive layer. 
[0038] The second ?lter/sorptive layer 210 is positioned 
within the through passage 242 of the second portion 208. 
The second ?lter/sorptive layer may be con?gured in a variety 
of ways. Any material or combination of materials that 
removes ?ner suspended particles or dissolved particles and 
pollutants from a ?uid ?owing through the layer, while also 
not signi?cantly resisting the ?uid ?ow such that ?uid back 
up readily occurs, may be used. Furthermore the type of and 
amount of ?lter/sorptive material or materials used may be 
selected from a wide variety of suitable materials for a spe 
ci?c application of the apparatus and the speci?c kind and 
amount of pollutants and particle desired to be removed. Any 
suitable material, such as ?ltration media, adsorption media, 
and/or coated media (such as amphoteric oxide coated 
media), capable of removing undesired contaminants or con 
stituents from a ?uidmay be used. For example, in a particular 
application, it may be expected that speci?c pollutants will be 
present in the ?uid being cleaned. The apparatus 200 may 
include a speci?c ?lter/sorptive material capable of removing 
that speci?c pollutant. For example, manganese green sand 
may be used as a ?lter/sortpive material to remove a dissolved 
metal from the ?uid stream. Furthermore, the amount of the 
speci?c ?lter/sorptive material may be selected based on the 
desired cleanliness of the ?uid exiting the apparatus 200 and 
the amount of the pollutant expected. In this way, the appa 
ratus 200 is customizable to a particular application. 
Examples of suitable ?lter/sorptive materials may include, 
but are not limited to, sand, coal such as anthracite, gamet, 
small granular plastics, rubber such as recycled tires, acti 
vated carbon, an amphoteric coated media, manganese green 
sand, a microorganism-containing media, or other suitable 
materials. 

[0039] The apparatus 200 also includes one or more layers 
of geotextile material. The geotextile material may be con 
?gured as and selected from a wide range of materials. Any 
permeable material capable of separating and containing the 
?lter/sorptive layers while permitting the ?uid being ?ltered 
to readily pass through the material, may be used. In the 
depicted embodiment, the geotextile material is a fabric. A 
?rst geotextile layer 264 is positioned between the ?rst ?lter/ 
sorptive layer 206 and the second ?lter/sorptive layer 210 and 
a second geotextile layer 266 is positioned between the sec 
ond ?lter/sorptive layer 210 and the endwall 240. 
[0040] The apparatus 200 also includes a protective cover 
268 for protecting the ?rst ?lter/sorptive layer 206 from dam 
age. In the depicted embodiment, the cover is realized as a 
grate. Any structure, however, capable of protecting the ?rst 
?lter/sorptive layer 206 from damage and allowing ?uid to 
readily pass through the structure may be used. The grate 268 
may be made of steel or other suitable sturdy material and is 
con?gured to be received in the recessed border 222 sur 
rounding the ?uid inlet 214 such that grate substantially cov 
ers the inlet. The grate 268 may be anchored to the ?rst 
portion 204 such that it may serve as a lifting aid for the ?rst 
portion, similar to lifting aides 230, while still being remov 
ably attached in a manner that allows easy removal of the 
grate should maintenance be required to the apparatus 200. 
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[0041] In the assembled condition, the second end 216 of 
the ?rst portion 204 is received within the recessed border 252 
of the second portion 208 such that the second end face 224 
and the outer shoulder 226 of the ?rst portion 204 engage or 
are adjacent the recessed border 252 and the ?rst end face 250 
of the second portion 208, respectively. One or more sealing 
members or materials 270 may be placed between the second 
end face 224 and the recessed border 252 and/ or between the 
outer shoulder 226 and the ?rst end face 250. In the depicted 
embodiment, sealing members 270 are positioned between 
the outer shoulder 226 and the ?rst end face 250 to prevent 
?uid from exiting the apparatus 200 between the ?rst portion 
204 and the second portion 208. In addition, the sealing 
members 270 may also protect the ?rst portion 204 and sec 
ond portion 208 from damage during assembly. For example, 
the one or more sealing members may be made of rubber that 
not only provides a ?uid tight seal between the ?rst portion 
204 and second portion 208 when assembled, but also pro 
vides a cushioning effect between the portions when the ?rst 
portion is received by the second portion. 

[0042] In the assembled condition, therefore, the outlet 218 
of the ?rst portion 204 is positioned adjacent the inlet 234 of 
the second portion 208. Thus, in use, ?uid ?owing through the 
apparatus 200 ?ows through the grate 268, down through the 
?rst ?lter/sorptive layer 206 and out of the outlet 218 of the 
?rst portion 204, through the ?rst geotextile material 264, into 
the inlet 234 of the second portion 208, through the second 
?lter/sorptive layer 210, through the second geotextile mate 
rial 266, and out of the outlet 238 of the second portion 208. 
During this process, the ?lter/sorptive layers remove sus 
pended and/or dissolved particles from the ?uid. 

[0043] The apparatus 200 may be incorporated with, inte 
grated with, or connected to other or additional drainage or 
treatment systems. For example, the apparatus 200 may be 
positioned in series with one or more other or additional 
drainage or treatment devices, such that treated ?uid ?ows 
from the apparatus into the other device(s) or from the other 
device(s) into the apparatus. The apparatus 200 may also be 
positioned in parallel with other or additional drainage or 
treatment devices. 

[0044] The apparatus 200 may also include material or 
structure attached to the side of the apparatus to separate it 
from the berm, edge of the roadway, or other contiguous 
materials in order to easily insert the apparatus into position 
and remove the top portion for maintenance. 

[0045] In use, the ?lter/sorptive layers may clog, lose their 
effectiveness, or otherwise require cleaning and/or replace 
ment. Since the ?rst portion 204 and ?rst ?lter/sorptive layer 
206 are removable as a unit, the ?lter/sorptive layers are easy 
to access and replace, if needed. For example, the ?rst portion 
204 may be removed and replaced with a new ?rst portion, 
thus eliminating downtime. The removed ?rst portion 204 
may then be cleaned, such as for example by power washing, 
at a convenient location. Alternatively, the ?rst portion 204 
may be cleaned on-site and placed back onto the second 
portion 208 or the ?rst ?lter/sorptive layer 206 may be 
removed from the ?rst portion 204 and replaced with a new 
layer of material. Since the ?rst portion 204 is removable, the 
power washing spray can be directed at the outlet 218 of the 
?rst portion. Power washing in the reverse direction of ?uid 
?ow is more effective because it pushes debris out the way the 
debris entered rather than driving the debris deeper into the 
?rst ?lter/sorptive layer 206. 
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[0046] Having the ?rst portion 204 removable also allows 
easy access to the second ?lter/sorptive layer 210 for cleaning 
or replacement without damaging the apparatus 200 or the 
installation site or requiring replacement of the apparatus. 
Once the second ?lter/sorptive layer 210 has been cleaned or 
replaced, the ?rst portion 204 may be replaced on the second 
portion 208. 
[0047] The apparatus 200 may also include one or more 
sensor assemblies 272 (see FIG. 6) to provide information 
regarding the state of or performance of the apparatus to 
determine if maintenance is needed for the apparatus. A vari 
ety of types of sensors may be used to provide this informa 
tion and the location of the sensors on or within the apparatus 
200 may vary. Any sensor(s), and location of the sensor(s), 
that is capable of providing information related to the perfor 
mance of one or more of the ?lter/sorptive layers may be used. 
In the depicted embodiment, a dielectric sensor assembly 272 
is embedded in the second ?lter/sorptive layer 210. The 
dielectric sensor assembly 272 may include a dielectric sens 

ing element, a transmitter, and power source (such a battery) 
for allowing the sensor assembly to send a signal. The dielec 
tric sensing element measures the dielectric constant of the 
second ?lter/sorptive layer 210. The dielectric constant of the 
second ?lter/sorptive layer is impacted by heavy metal in the 
layer (i.e. removed from the ?uid) and by the moisture 
retained in the layer. Both the amount of heavy metal in the 
?lter/sorptive layer and the amount of moisture retained 
within the layer are instructive as to the life and performance 
of the layer. For example, if the amount of retained water in 
the layer is higher than normal during a certain period, this 
may be indicative of clogging within the layer. Calibration 
between the dielectric constant of the layer and performance 
of the layer may be established prior to installation of the 
apparatus. 
[0048] The transmitter may remotely transmit a signal 
indicative of the dielectric constant. An end user may receive 
the signal via a receiver. Thus, a user with a receiver could 
walk-by or drive-by the apparatus 200 and readily determine 
if maintenance is needed. 
[0049] If the installation site is subject to occasional ?ood 
ing, a vertical pipe (not shown) can be added to shunt over 
?ow liquid directly to a drainage pipe. 
[0050] FIG. 7 illustrates a third embodiment of an ex?ltra 
tion apparatus 500 as disclosed in the present application. The 
depicted embodiment of the ex?ltration apparatus 500 is con 
?gured as a trench adapted to be installed in the ground. The 
apparatus 500 includes a housing or containment structure 
502 (see FIG. 10), within which one or more ?lter/sorptive 
layers may be disposed in order to clean ?uid that ?ows 
through the housing. The apparatus 500 and housing 502 may 
be con?gured in a variety of ways, including various shapes, 
sizes, and materials used. For example, the dimensions and 
shape of the ex?ltration apparatus 500 and housing 502 may 
vary depending on the design requirements and constraints of 
the application and installation site, including the area to be 
drained, the slope, the climate (likely frequency and intensity 
of weather events; much winter weather may lead to more salt 
or other deicing chemicals mixed in the runoff), geometry of 
the site, size of available right-of-way, and other relevant 
factors. Any structure capable of containing and supporting 
one or more ?lter/sorptive layers and allowing ?uid to ?ow 
through the housing to come into contact with the layers may 
be used. Referring to FIG. 10, in the depicted embodiment, 
the housing 502 has a ?rst portion 504 containing a ?rst 
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?lter/sorptive layer 506, a second portion 508 containing a 
second ?lter/sorptive layer 510, and a container 511 contain 
ing a third ?lter/sorptive layer 513 positioned within the sec 
ond ?lter/sorptive layer 510. 
[0051] Referring to FIG. 8, the ?rst portion 504 is a gener 
ally rectangular, box-shaped structure, but a cylindrical 
design or other shapes are also possible. The ?rst portion 504 
includes a ?rst end 512 that de?nes a ?uid inlet 514 and a 
second end 516 that de?nes a ?uid outlet 518. The ?uid inlet 
514 and the ?uid outlet 518 are connected by a through 
passage 519. The ?rst end 512 includes a ?rst end face 520 
and a recessed border 522 surrounding the ?uid inlet 514. The 
second end 516 includes a second end face 524 and an outer 
shoulder 526. One or more lifting aids 530 (see FIG. 7) may 
be attached to the ?rst end face 520 to which a lifting device, 
such as a hoist, crane, or other lifting means, may attach. The 
lifting aids 530 may be con?gured in a variety of ways. For 
example, the one or more lifting aids 530, may include, but 
not be limited to, hooks, eyelets, loops, handles, or other 
suitable structure ?xably attached to or recessed in the ?rst 
portion. 
[0052] Referring to FIG. 9, the second portion 508 is a 
generally rectangular, box-shaped structure, but a cylindrical 
design or other shapes are also possible. The second portion 
508 includes a ?rst end 532 that de?nes a ?uid inlet 534 and 
a second end 536 that de?nes a ?uid outlet 538 and includes 
an end wall 540. The ?uid inlet 534 and the ?uid outlet 538 are 
connected by a through passage 542. The ?uid outlet 538, in 
the depicted embodiment, is con?gured as a plurality of open 
ings 544 located in the end wall 540. The number of openings 
544, the size and shape of each opening, and the placement of 
each opening may vary in other embodiments. 
[0053] The ?rst end 532 includes a ?rst end face 550 and a 
recessed border 552 surrounding the ?uid inlet 534. The 
recessed border 552 is con?gured to receive the second end 
516 of the ?rst portion 504. The second end 536 includes a 
second end face 554 through which the plurality of openings 
extend. 
[0054] One or more lifting aids 560 (see FIG. 7) may be 
attached to the side of or the interior of the second portion, to 
which a lifting device, such as a hoist, crane, or other lifting 
means, may attach. The lifting aids 560 may be con?gured in 
a variety of ways. For example, the one or more lifting aids 
560, may include, but not be limited to, hooks, eyelets, loops, 
handles, or other suitable structure ?xably attached to or 
recessed in the second portion. 
[0055] The housing 502 may be made from any suitable 
material(s) that will provide su?icient structural support for 
the apparatus when used for a particular application. In the 
depicted embodiment, the housing 502 is made of class C 
concrete and may be suitable for installation in the ground 
next to a roadway. 

[0056] Referring to FIGS. 7 and 10, the apparatus 500 is 
illustrated in an assembled condition with the ?rst portion 504 
is positioned adjacent to the second portion 508. The ?rst 
?lter/sorptive layer 506 is positioned within the through pas 
sage 519 of the ?rst portion 504. The ?rst ?lter/sorptive layer 
may be con?gured in a variety of ways. Any material or 
combination of materials that ?lters larger suspended par 
ticles and pollutants from a ?uid ?owing through the layer, 
while also not signi?cantly resisting the ?uid ?ow such that 
?uid back-up readily occurs, may be used. In the depicted 
embodiment, the ?rst ?lter/sorptive layer 506 is a porous 
concrete layer, such as a course aggregate with a cement 
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paste. A porous asphalt layer is another non-limiting example 
that may be a suitable material for the ?rst ?lter/sorptive layer. 

[0057] The second ?lter/sorptive layer 510 is positioned 
within the through passage 542 of the second portion 508 and 
the third ?lter/sorptive layer 513 is disposed within the con 
tainer 511. The second and third ?lter/sorptive layers may be 
con?gured in a variety of ways. Any material or combination 
of materials that ?lters ?ner suspended particles or dissolved 
particles and pollutants from a ?uid ?owing through the lay 
ers, while also not signi?cantly resisting the ?uid ?ow such 
that ?uid back-up readily occurs, may be used. Furthermore 
the type of and amount of ?lter/sorptive material or materials 
used may be selected from a wide variety of suitable materials 
for a speci?c type of application of the apparatus and the 
speci?c kind and amount of pollutants and particle desired to 
be removed. For example, in a particular application, it may 
be expected that speci?c pollutant will be present in the ?uid 
being cleaned. The apparatus 500 may include a speci?c 
?lter/sorptive material capable of removing that speci?c pol 
lutant. Furthermore, the amount of the speci?c ?lter/sorptive 
material may be selected based on the desired cleanliness of 
the ?uid exiting the apparatus 500 and the amount of the 
pollutant expected. In this way, the apparatus 500 is customi 
zable to a particular application. Examples of suitable ?lter/ 
sorptive materials may include, but are not limited to, sand, 
coal such as anthracite, garnet, small granular plastics, rubber 
such as recycled tires, activated carbon, an amphoteric coated 
media, manganese green sand, microorganism-containing 
media, or other suitable materials. 

[0058] The container 511 is positioned within the second 
?lter/sorptive layer 510, though other locations of the con 
tainer may also be possible, such as for example, between the 
?rst ?lter/sorptive layer 506 and the second ?lter/sorptive 
layer 510. 

[0059] Referring to FIGS. 11 and 12, the container 511 may 
be con?gured in a variety of ways, such as different shapes, 
sizes, and materials, and are selectable to the speci?c instal 
lation site conditions. Any structure made from a material 
suitable for exposure to the ?uid being cleaned, which is 
capable of housing and separating the third ?lter/sorptive 
layer from the second ?lter/sorptive layer while allowing 
?uid to readily ?ow through the third ?lter/sorptive layer, may 
be used. In the depicted embodiment, the container 511 is a 
generally rectangular box-shaped structure having a top wall 
572 connected to a bottom wall 574 by side walls 576 to form 
an internal chamber or cavity 578. The top wall 572 and the 
bottom wall 574 are shaped and sized to substantially span 
across the through passage 542 of the second portion 508 (see 
FIG. 9). 

[0060] The top wall 572 includes a plurality of openings 
580 and the bottom wall 574 includes a plurality of openings 
582 (see FIG. 12). The number ofopenings 580, 582, the size 
and shape of each opening, and the placement of each open 
ing may vary in other embodiments. In the depicted embodi 
ment, the openings 580 on the top wall 572 are staggered or 
noncontiguous relative to the openings 582 on the bottom 
wall 574 along the general direction of ?uid ?ow. As a result, 
?uidthat ?ows into container 511 through the openings 580 in 
the top wall 572 does not ?ow through the container in 
straight path. Instead, the ?uid must change direction in order 
to reach the openings 582 in the bottom wall 574 (see arrows 
in FIG. 12). Thus, the ?uid resides within the container 511 
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for a longer period of time and is exposed to more of the third 
?lter/sorptive layer 513 than if the ?uid ?owed through the 
container in a straight path. 
[0061] The container 511 is made from a lightweight, ther 
moplastic material, such as for example polyethylene. A 
recycled thermoplastic may be used, but that is not required. 
The surface of the container 511 may also be coated or 
bonded with an amphoteric material to give the surface of the 
container a ?lter/sorptive function. For example, the polyeth 
ylene may be coated with a manganese oxide, such as man 
ganese dioxide, for example, which has the capacity to attract 
heavy metals. Thus, the container 511 itself may act to 
remove pollutants from ?uid that comes into contact with it. 
[0062] The apparatus 500 also includes one or more layers 
of geotextile material. The geotextile material may be con 
?gured as and selected from a wide range of materials. Any 
permeable material capable of separating and containing the 
?lter/sorptive layers while permitting the ?uid being ?ltered 
to readily pass through the material, may be used. 
[0063] In the depicted embodiment, the geotextile material 
is a fabric. A ?rst geotextile layer 564 is positioned between 
the ?rst ?lter/sorptive layer 506 and the second ?lter/sorptive 
layer 510, a second geotextile layer 566 is positioned between 
the second ?lter/sorptive layer 510 and the end wall 540, a 
third geotextile layer 584 is positioned between the second 
?lter/sorptive layer 510 and the top wall 572 of the container 
511, and a fourth geotextile layer 586 is positioned between 
the second ?lter/sorptive layer 510 and the bottom wall 574 of 
the container 511. As shown in FIG. 10, the third and fourth 
geotextile layers 584, 586 may be formed by a single layer 
wrapped around the container 511. In other embodiments, 
however, a plurality of sheets or sections of geotextile mate 
rial may be provided. The ?rst geotextile layer 564 keeps the 
?rst ?lter/sorptive layer 506 separate from the second ?lter/ 
sorptive layer 510, the second geotextile layer 566 keeps the 
second ?lter/sorptive layer 510 from exiting the apparatus 
500 via the outlet 538, and the third and fourth geotextile 
layers 584, 586 keep the third ?lter/sorptive layer 513 within 
the container 511 and separate from the second ?lter/sorptive 
layer 510. 
[0064] The apparatus 500 also includes a protective cover 
568 for protecting the ?rst ?lter/sorptive layer 506 from dam 
age. In the depicted embodiment, the cover is realized as a 
grate. Any structure, however, capable of protecting the ?rst 
?lter/sorptive layer 506 from damage and allowing ?uid to 
readily pass through the structure may be used. The grate 568 
may be made of steel or other suitable sturdy material and is 
con?gured to be received in the recessed border 522 sur 
rounding the ?uid inlet 514 such that grate substantially cov 
ers the inlet. The grate 568 may be anchored to the ?rst 
portion 504 such that it may serve as a lifting aid for the ?rst 
portion, similar to lifting aides 530, while still be removably 
attached in a manner that allows easy removal of the grate 
should maintenance be required to the apparatus 500. 
[0065] In the assembled condition, the second end 516 of 
the ?rst portion 504 is received within the recessed border 552 
of the second portion 508 such that the second end face 524 
and the outer shoulder 526 of the ?rst portion 504 engage or 
are adjacent the recessed border 552 and the ?rst end face 550 
of the second portion 508, respectively. One or more sealing 
members or materials may be placed between the second end 
face 524 and the recessedborder 552 and/ or between the outer 
shoulder 526 and the ?rst end face 550. In the depicted 
embodiment, sealing members 570 as positioned between the 
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outer shoulder 526 and the ?rst end face 550 to prevent ?uid 
from exiting the apparatus 500 between the ?rst portion 504 
and the second portion 508. In addition, the sealing members 
570 may also protect the ?rst portion 504 and second portion 
508 from damage during assembly. For example, the one or 
more sealing members may be made of rubber that not only 
provides a ?uid tight seal between the ?rst portion 504 and 
second portion 508 when assembled, but also provides a 
cushioning effect between the portions when the ?rst portion 
is received by the second portion. 
[0066] In the assembled condition, therefore, the outlet 518 
of the ?rst portion 504 is positioned adjacent to the inlet 534 
of the second portion 508. Thus, in use, ?uid ?owing through 
the apparatus 500 ?ows through the grate 568, down through 
the ?rst ?lter/sorptive layer 506 and out of the outlet 518 of 
the ?rst portion 504, through the ?rst geotextile layer 564, 
into the inlet 534 of the second portion 508, through a portion 
of the second ?lter/sorptive layer 510, through the third geo 
textile material 584, into the container 511, through the third 
?lter/sorptive layer 513, out of the container, through the 
fourth geotextile material 586, through a second portion of 
the second ?lter/sorptive layer 510, through the second geo 
textile layer 566, and out of the outlet 538 of the second 
portion 508. During this process, the ?lter/sorptive layers 
remove suspended and/or dissolved particles from the ?uid. 
[0067] In use, the ?lter/sorptive layers may clog, lose their 
effectiveness, or otherwise require cleaning and/or replace 
ment. The removable ?rst portion 504 (and ?rst ?lter/sorptive 
layer 506) allows easy replacement of and access to the ?lter/ 
sorptive layers. For example, the ?rst portion 504 may be 
removed and replaced with a new ?rst portion, thus eliminat 
ing downtime. The removed ?rst portion 504 may then be 
cleaned, such as for example by power washing, at a conve 
nient location. Alternatively, the ?rst portion 504 may be 
cleaned on-site and placed back onto the second portion 508 
or the ?rst ?lter/sorptive layer 506 may be removed from the 
?rst portion and replaced by a new layer of material. Since the 
?rst portion 504 is removable, the power washing spray can 
be directed at the outlet 518 of the ?rst portion. Power wash 
ing in the reverse direction of ?ow is more effective because 
it pushes debris out the way the debris entered rather than 
driving the debris deeper into the ?rst ?lter/sorptive layer 506. 
[0068] Having the ?rst portion 504 removable also allows 
easy access to the second ?lter/sorptive layer 510 and the 
third ?lter/sorptive layer 513 within the container 511. Thus, 
the second ?lter/sorptive layer can be cleaned or replaced 
easily and the container 511 can be removed and replaced 
with a new or recharged container and ?lter/sorptive layer. 
Alternatively, new or recharged ?lter/sorptive material could 
be added to the container to replace the used material or the 
used material could be cleaned. Once the second ?lter/sorp 
tive layer has been cleaned or replaced, the ?rst portion 504 
may be replaced on the second portion 508. 
[0069] If the installation site is subject to occasional ?ood 
ing, a vertical pipe (not shown) can be added to shunt over 
?ow liquid directly to a drainage pipe. 
[0070] FIG. 13 illustrates another embodiment of a ?rst 
portion 904 for the ex?ltration apparatus as disclosed in the 
present application. The ?rst portion 904 is a generally rect 
angular, box-shaped structure, but a cylindrical design or 
other shapes are also possible. The ?rst portion 904 includes 
a ?rst end 912 that de?nes a ?uid inlet 914 and a second end 
916 that de?nes a ?uid outlet 918. The ?uid inlet 914 and the 
?uid outlet 918 are connected by a through passage 919. The 
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?rst end 912 includes a ?rst end face 920, a recessed border 
922 surrounding the ?uid inlet 914 for receiving a cover, such 
as a grate, and an integrally formed ridge 923 extending 
outward from the end face along the length of one side of the 
?rst portion 904. In the depicted embodiment, the ridge 923 is 
designed as a curb for installation along a roadway. The 
second end 916 includes a second end face 924 and an outer 
shoulder 926. The outer shoulder 926 on the side of the ?rst 
portion 904 indicated as B in FIG. 13 is wider than the outer 
shoulder on the side indicated as A in order to offset the 
weight of the ridge 923. Thus, the ?rst portion 904 remains 
balanced about the axis 930. 

[0071] FIG. 14 illustrates a fourth embodiment of an ex?l 
tration apparatus 1400 as disclosed in the present application. 
The depicted apparatus 1400 is substantially similar to the 
apparatus 200 of FIGS. 2-8. In particular, the apparatus 1400 
includes a housing or containment structure 1402, within 
which, one or more ?lter/sorptive layers may be disposed in 
order to clean ?uid that ?ows through the housing. The hous 
ing 1402 may be con?gured in a variety of ways. Any struc 
ture capable of containing and supporting one or more ?lter/ 
sorptive layers and allow ?uid that ?ows through the housing 
to come into contact with the layers may be used. In the 
depicted embodiment, the housing 1402 has a ?rst portion 
1404 containing a ?rst ?lter/sorptive layer 1406 and a second 
portion 1408 containing a second ?lter/sorptive layer 1410. 
[0072] As with the apparatus 200, the ?rst portion 1404 and 
?rst ?lter/sorptive layer 1406 are assembled with the second 
portion 1408 and the second ?lter/sorptive layer 1410, such 
that ?uid ?ows in an inlet 1414 de?ned by the ?rst portion 
1404, through the ?rst ?lter/sorptive layer 1406, through the 
second ?lter/sorptive layer 1410, and out an exit 1438 de?ned 
by the second portion 1408. The ?lter/sorptive layers 1406, 
1410 remove suspended and dissolved contaminants from the 
?uid. As with apparatus 200, a wide variety of ?lter/sorptive 
materials may be used in the layers, such as ?ltration media, 
adsorption media, coated media (such as amphoteric oxide 
coated media), or microorganism-containing media (such as a 
media containing bacteria that can decompose or biodegrade 
organic material or petrochemicals). Any suitable material 
capable of removing undesired contaminants or constituents 
from a ?uid may be used. Each ?lter/sorptive layer may be 
selected to remove one or more types of contaminants, such 
as, but not limited to, used motor oil and greases, heavy 
metals such as cadmium, chromium, copper, lead, and Zinc; 
brake dust, pesticides, salt, deicing chemicals, sediment, 
phosphorus, and other constituents including tire rubber, 
nutrients, and organic chemicals and compounds. 
[0073] The apparatus 1400, however, includes a container 
1411 de?ning a ?uid retaining chamber 1478 generally 
between the ?rst ?lter/sorptive layer 1406 and the second 
?lter/sorptive layer 1410. The ?uid retaining chamber 1478 is 
con?gured and positioned to serve as an open volume in 
which ?uid may accumulate. The container 1411 may be 
con?gured in a variety of ways. Any structure capable of 
de?ning an open volume within or between ?lter/sorptive 
layers may be used. In the depicted embodiment, the con 
tainer 1411 is substantially similar to the container 511 of 
FIG. 11 in that the container is a generally rectangular box 
shaped structure having a top wall 1472 connected to a bot 
tom wall 1474 by side walls 1476 to form the internal cham 
ber or cavity 1478. The top wall 1472 and the bottom wall 
1474 are shaped and sized to substantially span across the 
interior of the housing 1402. Openings (not shown), similar to 
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the openings 580 and 582 of FIGS. 11 and 12, are located on 
the top wall 1472 and the bottom wall 1474 to allow ?uid to 
?ow into and out of the container. 
[0074] The apparatus 1400 also includes one or more layers 
of geotextile material. The geotextile material may be con 
?gured as and selected from a wide range of materials. Any 
permeable material capable of separating and containing the 
?lter/sorptive layers while permitting the ?uid being ?ltered 
to readily pass through the material, may be used. 
[0075] In the depicted embodiment, the geotextile material 
is a fabric. A ?rst geotextile layer 1484 is positioned between 
the ?rst ?lter/sorptive layer 1406 and the top wall 1472 of the 
container 1411, and a second geotextile layer 1486 is posi 
tioned between the second ?lter/sorptive layer 1410 and the 
bottom wall 1474 of the container 1411, and a third geotextile 
layer 1466 is positioned between the second ?lter/sorptive 
layer 1410 and the exit 1438. As shown in FIG. 14, the ?rst 
and second geotextile layers 1484, 1486 may be formed by a 
single layer wrapped around the container 1411. In other 
embodiments, however, a plurality of sheets or sections of 
geotextile material may be provided. 
[0076] The apparatus 1400 also includes a protective cover 
1468 for protecting the ?rst ?lter/sorptive layer 1406 from 
damage. In the depicted embodiment, the cover is realized as 
a grate. Any structure, however, capable of protecting the ?rst 
?lter/sorptive layer 1406 from damage and allowing ?uid to 
readily pass through the structure may be used. The grate 
1468 may be made of steel or other suitable sturdy material 
and is con?gured to be received by the ?rst portion 1404 such 
that grate substantially covers the ?uid inlet 1414. The grate 
1468 may be anchored to the ?rst portion 1404 such that it 
may serve as a lifting aid for the ?rst portion, while still be 
removably attached in a manner that allows easy removal of 
the grate should maintenance be required to the apparatus 
1400. 

[0077] In the illustrated embodiment, the ?rst ?lter/sorptive 
layer 1406 is con?gured to remove larger suspended contami 
nants and pollutants while the second ?lter/sorptive layer 
1410 is con?gured to remove smaller suspended or dissolved 
contaminants and pollutants. As a result of providing ?ner 
?ltering, the ?ow resistance in the second ?lter/sorptive layer 
is generally greater than the ?ow resistance in the ?rst ?lter/ 
sorptive layer. Over time, ?uid ?ow through both of the ?lter/ 
sorptive layers becomes more restricted due to the presence of 
the contaminants and pollutants removed from the ?uid 
stream (i.e. the layers gradually begin to clog or plug). When 
the amount of ?uid ?ow entering the apparatus 1400 exceeds 
that amount of ?ow that the second ?lter/sorptive layer 1410 
can pass through, ?uid will “back-up.” Because the ?rst ?lter/ 
sorptive layer 1406 ?lls most of the ?rst portion 1404, there is 
little excess volume within the ?rst ?lter/sorptive layer to hold 
the ?uid “back-up.” Once the ?uid back-up has ?lled the ?rst 
?lter/sorptive layer 1406, no additional ?uid can enter the 
apparatus 1400 to be cleaned. The ?uid retaining chamber 
1478, however, provides an open volume in which ?uid can 
accumulate. As a result, for a given ?ow resistance of the 
second ?lter/sorptive layer 1410, the amount of ?uid back-up 
that the apparatus 1400 may hold is greater with the presence 
of the ?uid retaining chamber 1478 than without it. 
[0078] According to another inventive aspect of the present 
application, an ex?ltration apparatus may be provided with 
particulate collecting member con?gured to trap or collect 
larger particulate above or upstream of one or more ?lter 
layers (e.g., a ?lter element or media), while allowing ?uid to 
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pass through the insert to the ?lter layer. This collection of 
particulate above or upstream of the ?lter layer may prevent 
clogging or blockage of the ?lter layer by excessive particu 
late, thereby prolonging the useful life of the ?lter layer. In 
one embodiment, the particulate collecting member may be 
provided as an insert that can be periodically removed from 
the apparatus for cleaning or disposal of the collected particu 
late, which may be more easily or cost effectively accom 
plished than replacement or cleaning of the ?lter layer. 
[0079] While many different types of particulate collecting 
members may be utilized, in one embodiment, a particulate 
collecting member includes one or more particulate collect 
ing recessed portions. When contaminated ?uid enters the 
ex?ltration apparatus, particulate or contaminants from the 
?uid are collected in the recessed portions of the particulate 
collecting member, with the at least partially decontaminated 
?uid passing through apertures or openings in the insert and 
into the ?lter layer of the ex?ltration apparatus. The apertures 
in the insert may be located anywhere on the insert, including, 
for example, in the recessed particulate collecting portions, 
with the apertures sized to prevent passage of at least some 
particulate. In one embodiment, one or more apertures may 
be disposed in raised portions of the insert, with the recessed 
portions being solid or non-apertured, which may help pre 
vent the apertures being clogged or blocked by particulate 
that collects in the recessed portions of the insert. 

[0080] A particulate collecting member with particulate 
collecting recessed portions may be provided in many differ 
ent con?gurations. As one example, as shown in FIG. 15, an 
ex?ltration apparatus 1500 includes a corrugated plate or 
insert 1590 disposed in the apparatus housing 1502 between 
an outer grate 1568 (or other ?uid permeable cover) and an 
internal ?lter layer 1506. The exemplary insert 1590 includes 
alternating rows of solid (or non-apertured) recessed portions 
1592 for collecting particulate or contaminants, and raised 
portions 1594 having apertures 1595 (e.g., holes, slots, or 
perforations), best shown in FIG. 15A. While the illustrated 
insert 1590 is shown as being in contact with the grate 1568, 
the insert may alternatively be positioned to provide a gap 
between the grate 1568 and the insert 1590, for example, to 
prevent blockage or obstruction of the apertures The size and 
number of apertures may also be selected based on a desired 
?ow rate through the insert. 

[0081] In one example, the raised portions 1594 of the 
insert may be de?ned as portions extending above a horizon 
tal plane X intersecting the height h of the insert 1590 from a 
bottommost surface 1591 to a topmost surface 1593, and the 
recessed portions 1592 may be de?ned as portions extending 
below the horizontal plane X. For example, the horizontal 
plane X may be established at a distance d from the bottom 
most surface 1591 some fraction of the overall height h of the 
insert, for example, at least 0.5 h, at least 0.75 h, or at least 
0.9h. The apertures 1595 of the raised portions 1594 may be 
positioned anywhere from the horizontal plane X to the top 
most surfaces 1593 of the insert 1590. The apertures 1595 
may also be sized and positioned to allow su?icient passage 
of a ?uid to be ?ltered through to the ?lter layer 1506, while 
preventing passage of a substantial portion of the particulate 
or contaminants suspended in the ?uid. In one example, the 
raisedportions 1594 of the insert 1590 include apertures 1595 
having a diameter of approximately 0.25 inches, to prevent 
passage of contaminants larger than 0.25 inches. Different 
sized apertures may additionally or alternatively be utilized, 
for example, to collect smaller particulate in the insert, or to 
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allow still larger particulate to pass through to the ?lter layer. 
In addition to collecting particulate, the recessed portions of 
the insert may additionally function as ?uid retaining cham 
bers, providing open volumes for holding ?uid “back-up” 
during periods of high ?uid ?ow through the apparatus. Fluid 
collected in these recesses will also tend to have particulate 
that settles to the bottoms of the recess, further facilitating 
collection of the particulate. To remove the collected particu 
late, the grate 1568 may be detached or removed from the 
housing 1502, and the insert 1590 may be removed for clean 
ing or replacement. 
[0082] The insert 1590 may be loosely placed onto the ?lter 
layer 1506 or detachably secured (directly or indirectly) to 
one or more of the ?lter layer 1506, the housing 1502, and the 
grate 1568. As one example, the insert 1590 may be con?g 
ured for a press-?t or snap-?t engagement with the housing 
1502. Further, a seal may be provided between the housing 
1502 and an outer perimeter of the insert 1590, to prevent or 
minimize the passage of contaminants around the edges of the 
insert 1590. 

[0083] Still other shapes or patterns of raised and recessed 
portions may be utilized, including, for example, an egg car 
ton shaped arrangement, or an insert having a single central 
recess with apertured perimeter walls. The insert may pro 
vided in any suitable material, including, for example, poly 
ethylene. 
[0084] In another embodiment, as shown in FIG. 16, an 
ex?ltration apparatus 1500' may include multiple stacked 
particulate collecting inserts 1590a, 1590b, with raised and 
recessed portions of the inserts staggered, to provide an 
increased capacity for particulate collecting or ?uid back-up 
retention. In one such embodiment, the upper insert 1590a 
may be provided with larger apertures 1595a to facilitate 
collection of primarily larger particulate, and the lower insert 
1590b may be provided with smaller apertures 1595b to 
facilitate collection of smaller particulate that passes through 
the larger apertures 1595a of the upper insert 1590a. 
[0085] In the embodiments of FIGS. 15 and 16, the ex?l 
tration apparatus 1500, 1500' includes a single ?lter layer 156 
and a unitary, one-piece housing 1502 with a ?uid inlet por 
tion 1514 covered by a grate 1568 and a ?uid outlet portion 
1538 con?gured as one or more openings 1544. However, one 
or more inserts, as described herein, may be used with ex?l 
tration apparatus having multiple piece housing assemblies or 
having multiple ?lter layers, as shown, for example, in the 
embodiments of FIGS. 1-14 described herein. For example, 
FIG. 17 illustrates an ex?ltration apparatus 1700 with a hous 
ing 1702 including a ?rst portion 1704 assembled with a grate 
1768 and containing a particulate collecting insert 1790 and a 
?rst ?lter layer 1706, and a second portion 1708 provided 
with ?uid outlet openings 1744 and containing a second ?lter 
layer 1710. The ?rst and second portions 1704, 1708 are 
assembled with each other and sealed by one or more sealing 
members 1770. As another example, FIG. 18 illustrates an 
ex?ltration apparatus 1800 with a housing 1802 including a 
?rst portion 1804 assembled with a grate 1868 and containing 
a porous concrete ?rst ?lter layer 1806 af?xed within the ?rst 
housing portion and directly supporting the particulate col 
lecting insert 1890, and a second portion 1808 provided with 
?uid outlet openings 1844 and containing a second ?lter layer 
1810 and a third ?lter layer 1813 between the ?rst ?lter layer 
1806 and the second ?lter layer 1810. The second and third 
?lter layers 1810, 1813 may be separated, for example, by a 
permeable partition 1886 (for example, geotextile material or 
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a perforated container wall). The ?rst and second portions 
1804, 1808 are assembled with each other and sealed by one 
or more sealing members 1870. 
[0086] One of ordinary skill in the art will understand that 
various embodiments of the disclosed apparatus may include 
one or more of the features disclosed in the illustrated 

embodiments, such as for example, a sensor assembly, a 
container housing a ?lter/sorptive material, and a container 
providing a ?uid retention volume. The inventions have been 
described with reference to various embodiments. Modi?ca 
tion and alterations will occur to others upon a reading and 
understanding of this speci?cation and drawings. The inven 
tions are intended to include all such modi?cations and alter 
ations insofar as they come within the scope of the appended 
claims and equivalents thereof. 

1-20. (canceled) 
21. An ex?ltration apparatus for removing contaminants 

from surface runoff water, the apparatus comprising: 
a housing de?ning a downward ?uid ?ow path extending 

from a ?uid inlet disposed on a top side of the housing to 
a ?uid outlet disposed on a bottom side of the housing; 

a ?lter portion positioned within the housing; 
a particulate collecting plate disposed within the housing in 

a horizontal orientation between the ?uid inlet and the 
?lter portion, the particulate collecting plate including a 
recessed particulate collecting lower portion adjacent to 
the ?lter portion and a raised upper portion adjacent to 
the ?uid inlet and de?ning a plurality of apertures, and 

wherein the housing comprises a ?rst portion de?ning the 
?uid inlet and a second portion de?ning the ?uid outlet, 
the ?rst housing portion being removable from the sec 
ond housing portion to access the ?lter portion; and 

wherein surface runoff water ?owing along the downward 
?uid ?ow path passes through the particulate collecting 
plate and through the ?lter portion before exiting 
through the ?uid outlet. 

22. The apparatus of claim 21, further comprising a second 
particulate collecting plate detached from and positioned 
below the ?rst particulate collecting plate in a stacked rela 
tionship. 

23. The apparatus of claim 22, wherein the second particu 
late collecting plate includes a plurality of apertures that are 
smaller in diameter than the plurality of apertures of the ?rst 
particulate collecting plate. 

24. The apparatus of claim 21, wherein the housing further 
comprises a second ?lter portion separate from the ?rst ?lter 
portion and disposed between the ?rst ?lter portion and the 
?uid outlet. 

25. The apparatus of claim 21, wherein the ?rst portion of 
the housing comprises an outer grate received in and remov 
able from a recessed border of the second housing portion for 
access to the particulate collecting plate. 

26. The apparatus of claim 21, wherein the ?lter portion is 
retained in the second housing portion. 

27. The apparatus of claim 21, wherein the ?lter portion 
comprises a porous concrete layer a?ixed within the housing. 

28. The apparatus of claim 27, wherein the porous concrete 
layer directly supports the particulate collecting plate. 

29. The apparatus of claim 21, wherein the plurality of 
apertures of the raised upper portion of the particulate col 
lecting plate are disposed in a topmost surface facing the ?uid 
inlet. 

30. The apparatus of claim 21, wherein the raised upper 
portion of the particulate collecting plate includes a plurality 
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of convex portions de?ning a plurality of generally horizontal 
topmost surfaces, with the plurality of apertures being dis 
posed in each of the plurality of generally horizontal topmost 
surfaces. 

31. The apparatus of claim 21, wherein the recessed lower 
portion of the particulate collecting plate includes a plurality 
of generally horizontal bottommost surfaces that are directly 
supported by the ?lter portion. 

32. The apparatus of claim 21, wherein the recesses lower 
portion of the particulate collecting plate is non-apertured. 

33. The apparatus of claim 32, wherein the recessed non 
apertured lower portion of the particulate collecting plate 
de?nes a lower half of the particulate collecting plate. 

34. The apparatus of claim 32, wherein the recessed non 
apertured lower portion of the particulate collecting plate 
de?nes a lower 90% of the particulate collecting plate. 

35. The apparatus of claim 21, wherein the particulate 
collecting plate is egg carton shaped. 

36. The apparatus of claim 21, wherein each of the plurality 
of apertures directly faces each of the ?uid inlet and the ?lter 
portion. 

37. A method for removing contaminants from surface 
runoff water from an upper surface of a ground substrate, the 
method comprising: 

installing an ex?ltration apparatus in the ground substrate, 
the ex?ltration apparatus comprising: 
a housing de?ning a downward ?uid ?ow path extending 

from an upper ?uid inlet disposed in an upper portion 
of the housing to a lower ?uid outlet disposed in a 
lower portion of the housing, the ?uid inlet being 
exposed to receive surface runoff water from the 
upper surface of the ground substrate, the ?uid outlet 
being connected with a drainage system; and 

a ?lter portion positioned within the housing; 
with the upper portion of the housing removed from the 

lower portion of the housing, inserting a particulate col 
lecting plate within the housing in a horizontal orienta 
tion above the ?lter portion, such that a recessed particu 
late collecting lower portion of the particulate collecting 
plate is adjacent to the ?lter portion; 

assembling the upper portion of the housing with the lower 
portion of the housing, such that a raised upper portion 
of the particulate collecting plate de?ning a plurality of 
apertures is adjacent to the ?uid inlet, and 

allowing surface runoff water entering the ?uid inlet to 
?ow along the downward ?uid ?ow path, passing 
through the particulate collecting plate and through the 
?lter portion before exiting through the ?uid outlet, 
wherein contaminants carried by the surface runoff 
water are collected in the recessed particulate collecting 
lower portion of the particulate collecting plate. 

38. The method of claim 37, wherein the recessed particu 
late collecting lowerportion of the particulate collecting plate 
is non-apertured, such that a portion of the surface runoff 
water entering the ?uid inlet is retained in the recessed par 
ticulate collecting lower portion of the particulate collecting 
plate. 

39. The method of claim 37, further comprising removing 
the upper portion of the housing from the lower portion of the 
housing, withdrawing the particulate collecting plate from the 
housing, and cleaning collected contaminants from the 
recessed particulate collecting lower portion of the particu 
late collecting plate. 
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40. The method of claim 37, wherein inserting the particu 
late collecting plate Within the housing in a horizontal orien 
tation above the ?lter portion comprises placing the particu 
late collecting plate directly on the ?lter portion. 

* * * * * 
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