WO 2011/028365PCT/US2010/044730 MODULE AND ASSEMBLY FOR MANAGING THE FLOW OF
WATER Cross-Reference To Related Applications This application is a continuation-in-part of
U.S. Designi¥pdplitai8aoNo. 29/333,248 filed March 5, 2009, and U.S. PateRERBPSALHYA TR0,
12/553,732 filed on September 3, 2009, which are incorporated by reference in its entirety.
Background [1] The present disclosure generally relates to managing the flow of and more
specifically the retention or detention of fluids, such as storm water. Water retention and detention

systems accommodate runoff al a givq\@@ﬁ@p};@w\gﬂig@gfgﬁg@n@ water, preventing pooling of water
at a ground surface, and eliminating or reducing downstream flooding. [2] An underground water

retention or detention system g@ﬁ@réﬂsﬁg THRE A HRW (PR A n a building site is not
available to accommodate other types of systems such as open reservoirs, basins or ponds.
Underground systems do not utilize valuable surface areas as compared to reservoirs, basins or
ponds. They also present fewer $cligfe-REIESS RSO U iEh as by avoiding having open,

standing waterwhighyouldidg E%ﬁHﬁW&%@PﬁWB@ @rge@éygyn%rgfamswmsﬁm avoid

aesthetic problems commonly associated with some other systems, such as al%ae and weed growth.
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which are incorporated by reference in its entirety.

Background
[001]  The present disclosure generally relates to managing the flow of and more specifically

the retention or detention of fluids, such as storm water. Water retention and detention systems
accommodate runoff at a given site by diverting or storing water, preventing pooling of water at
a ground surface, and eliminating or reducing downstream flooding.

[002] Anunderground water retention or detention system generally is utilized when the
surface area on a building site is not available to accommodate other types of systems such as
open reservoirs, basins or ponds. Underground systems do not utilize valuable surface areas as
compared to reservoirs, basins or ponds. They also present fewer public hazards than other
systems, such as by avoiding having open, standing water which would be conducive to
mosquito breeding. Underground systems also avoid aesthetic problems commonly associated
with some other systems, such as algae and weed growth. Thus, it is beneficial to have an
underground system to manage water effectively.

[003] One disadvantage of current underground systems is that they must accommodate
existing or planned underground facilities such as utilities and other buried conduits. At the
same time, an underground water retention or detention system must be effective in diverting
water from the ground surface to another location. Therefore, it would be advantageous to
provide a modular underground assembly which has great versatility in the plan area form it can
assume.

[004]  Another disadvantage of current underground systems is that they often fail to provide
relatively unrestricted water flow throughout the system. It would be preferable instead to

provide systems which can permit relatively unconstrained flow throughout their interior.



[3] One disadvantage of current underground systems is that they must accommodate existing or
planned underground facilities such as utilities and other buried conduits. At the same time, an
undergroun¥@atdifae8ntion or detention system must be effective in divertifgrivat8i§etyihe ground
surface to another location. Therefore, it would be gdvantageous to provide a modular underground
assembly which has great versatility in the plan are& form it can assume. [4] Another disadvantage of
current underground systems is that they often fail to provide relatively unrestricted water flow

throughgpshe piiemidb Wewk R?pﬁE@f?&ﬁ@'%\/Bl%%E%H&@Y' SUSieMmsYbiRBGAN RSB elatively
unconstrained flow thromé%hout their interior. WO 2011/028365PCT/US2010/044730 -2- 10051
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are relatively efficient in terms of the cost, fluid storage volume and weight of the material used, as well
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and 7,344,335 ("the Burkhart Patents"), each of which is incorporated by reference in its entirety. [7]
The prédahcdibinpedybardigd apd inet iguration, production and methods of use of modules, which

are prefgihly fRRSIRALRAMKRAG HIRGIFLEANCERIGRBHAESISHARIY D $iBed ) aeiudinally and laterally

aligned configurations to form systems having underground channels for managing the flow of,

retainir@%@?d@tb@ﬁiﬁé&m /,344,335 (“the Burkhart Patents”), each of which is'incorporated by
reference in its entirety.
[007] The present disclosure relates to the configuration, production and methods of use of
modules, which are preferably fabricated using precast concrete and are usually installed in
longitudinally and laterally aligned configurations to form systems having underground channels
for managing the flow of, retaining and/or detaining water.
[008] Different forms of underground water retention and/or detention structures have been
either proposed or made. Such structures commonly are made of concrete and attempt to provide
large spans, which require very thick components. The structures therefore are very massive,
leading to inefficient material usage, more difficult shipping and handling, and consequently
higher costs. Other underground water conveyance structures such as pipe, box culvert, and
bridge culvert have been made of various materials and proposed or constructed for particular
uses. However, such other underground structures are designed for other applications or fail to

provide the necessary features and above-mentioned desired advantages of the modular systems

disclosed herein.

Summary

[009] The present disclosure is directed, in some of its several aspects, to a module and a
modular assembly for managing the flow of water beneath a ground surface. The modules have
unique configurations that permit thinner components. This facilitates a reduction in material

usage, weight and cost, with easier shipping and handling.



[8] Different forms of underground water retention and/or detention structures have been either
proposed or made. Such structures commonly are made of concrete and attempt to provide large
spans, whicl &eUit@2886§ thick components. The structures therefore are vEETHIAEiVB844&¥ding to
inefficient material usage, more difficult shipping and handling, and consequently higher costs. Other
underground water conveyance structures such as pipe, box culvert, and bridge culvert have been
made of various materials and proposed or constructed for particular uses. However, such other
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and above-mentioned desired advantages of the modular systems disclosed herein. Summary
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configurations that permit thinner components. This facilitates a reduction in material usage, weight

and coseclinn edenstingispmdhsrmainsenien. Wiy serpots stsspectarssoatsidagstber vath B 10] In
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ground surface. The module includes at least two supports, a deck portion having a main section
locatedspAckshismrngs RIZbetdss s upP#tts and at least one secondary section extending from the main

section i PURPRRIIRERRAGRE ahadsendirasthenudihdie.R SeHiAg defiban g{ﬂs%ﬂar channel.

At least one of the supports has at least one leg section spaced from ends of the deck portion.
surface is disclosed and includes a plurality of modules with each module having a deck portion

and each deck portion being placed adjacent at least one other deck portion of another module.
Each module further includes at least two supports with the at least two supports being spaced
apart and together with the deck portion forming an interior channel. A deck portion of at least
one of the modules also includes at least one section extending beyond the interior channel.
[0012] Another example assembly for managing the flow of water beneath a ground surface is
disclosed as having at least one first module that includes at least two supports, a deck portion
including a main section located on top of the at least two supports, with the supports being
spaced apart and together with the main section defining an interior channel. The deck portion
further includes a section extending beyond the interior channel, and at least one of the supports
has at least two leg sections spaced from ends of the deck portion. The at least two leg sections
are spaced apart and define a support channel therebetween. The example assembly further
includes a plurality of side modules, with each side module including a deck portion, and at least
two supports disposed below the deck portion. The supports are spaced apart and together with
the deck portion define an interior channel. Within the example assembly, each deck portion of
the first and side modules is placed adjacent at least one other deck portion of either one of the
plurality of side modules or the at least one first module.

[0013] A further example assembly for managing the flow of water beneath a ground surface is
disclosed, with the assembly having at least one first module that includes a deck portion having
a main section and first and second cantilevered sections, at least two supports disposed below
the main section, and with the supports being spaced apart and together with the deck portion
defining an interior channel. The assembly also includes a plurality of side modules, with each
side module including a deck portion, at least two supports disposed below the deck portion, and

the supports being spaced apart and together with the deck portion defining an interior channel.



[0011] In another example, an assembly for managing the flow of water beneath a ground surface is
disclosed and includes a plurality of modules with each module having a deck portion and each deck
portion beiny Bl2d@2dfdcent at least one other deck portion of another moRfileUR2Ae¢0HGle further
includes at least two supports with the at least two supports being spaced apart and together with the
deck portion forming an interior channel. A deck p()r‘ﬁ()n of at least one of the modules also includes at
least one section extending beyond the interior channel. [0012] Another example assembly for
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that includes at least two supports, a deck portion including a main section located on top of the at
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and at least one of the supports has at least two leg sections spaced from ends of the deck portion.
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portion, and at least two supports disposed below the deck portion. The supports are spaced apart and

togethemadiH el irasepetiv PutsT o phavisr ERdhnantoviehannets ek RIedSunmpieian deck
portion gf ihe,fistanst sigdedeegiss i elacedagiacetatdeast one other deck portion of either one of
the plurality of side modules or the at least one first module. [0013] A further example assembly for
managing the flow of water beneath a ground surface is disclosed, with the assembly having at least
one first module that includes a degi-pRILPDHEQRYIRE A Bai38Lt M aNd first and second cantilevered
sections, at least two supports disposed below the main section, and with the supports being spaced
apart afPethEBwit herSERYEPESH EeYifiNG b it rsrpRlsme s dsdp AR M cludes a
pluralitmfrﬁ%{ggqggg@@,dy%%%@gﬁ@g%ﬁd@g@gﬂé@g a deck portion, at least two supports
disposed below the deck portion, and the supports being spaced apart and together with the deck
portion @8R g ikdtien eRdviaY W@emci?}mmpe A953010/044730 - 4 - Each deck portion of
the first gpflpidemoguies, 'ﬁﬁy%&w&%@w%@wﬂg ﬁ%ﬁéﬁ?%ﬂ@iﬁfbfﬁi%'@%n%ﬁs%mn
plurality of side modules or the at least one first module. Also, a first of the supports and a first of the
cantilevreytiaes e dule atueh gs Srerapsiis sharendy Elce Bamrdrdthhibsr atffaReARmodule
define IR channel, and a second support and second cantilevered section of the at least one first
modules together with a support of an adjacent module defines another outer channel, wherein the
outer ch@hdis BFirt il evirReRtieaitie wWien nkamassienbhaphBwbrhdhacteaaplsiaostéeodule.
DetailegiReschiptien of the Drawings [0014] FIG. 1 is a upper perspective view of a first example
module for an assembly for managing the flow of water beneath a ground surface.

. I

[0018] FIG. 5 is a lower perspective view illustrating an exampqe of four modules forming an

outer corner of an assembly.

[0019] FIG. 6 is an upper perspective view of an interior module adjacent a side module, and
with the modules sitting atop a floor.

[0020] FIG. 7 is an upper perspective view illustrating another example of a corner of an
assembly that includes a first set of modules inverted and forming a base and a second set of
modules stacked atop the first set of modules.

[0021] FIG. 8 is an upper perspective view of another example module.

[0022] FIG. 9 is an upper perspective view of a further example module.

[0023] FIG. 10 is an end view of the module shown in FIG. 9.

[0024] FIG. 11 is a side exploded view of a further example module.

[0025] FIG. 12 is an end exploded view of the module shown in FIG. 11

[0026] FIG. 13 is an upper perspective view of an example module that includes a support

having an integral footing that also provides a footing for an adjacent module.



[0015] FIG. 2 is an end view of the module shown in FIG. 1. [0016] FIG. 3 is an upper perspective view
showing an example of reinforcing elements within an outline of a module, such as the module shown
in FIG. 8, atdat8283ddule sitting on footings. [0017] FIG. 4 is a lower pB¢HIESIA/ MR bf an
assembly of four of the example modules shown in FIG. 1. [0018] FIG. 5 is a lower perspective view
illustrating an example of four modules forming an"outer corner of an assembly. [0019] FIG. 6 is an
upper perspective view of an interior module adjacent a side module, and with the modules sitting atop

a floor. [@92R]1 Fites 7620 UpRS: PRISPEGIVE WSV Us linaAneMeFMRe RlAAO s RE/N

assembly that includes a first Set of modules inverted and forming a base and a second set of modules
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Detailed Description

[0029] The present disclosure generally provides a module for an underground assembly to
manage the flow of water. In one aspect, the disclosed modules provide great versatility in the
configuration of a modular assembly. The modules may be assembled in any customized
orientation to suit a plan area or footprint as desired for a particular application and its side
boundaries. The modular assembly may be configured to avoid existing underground
obstructions such as utilities, pipelines, storage tanks, wells, and any other formations as desired.
Some of the modules that may be used in particular configurations of an underground assembly
to manage the flow of water also are sold by StormTrap LLC of Morris, Ill., under the trademark
STORMTRAP®.

[0030] The modules are configured to be preferably positioned in the ground at any desired
depth. For example, the topmost portion of an assembly of modules may be positioned so as to
form a ground surface or traffic surface such as, for example, a parking lot, airport runway or
tarmac. Alternatively, the modules may be positioned within the ground, underneath one or
more layers of earth, In either case, the modules are sufficient to withstand earth, vehicle, and/or
object loads. The example modules are suitable for numerous applications and, by way of
example but not limitation, may be located under lawns, parkways, parking lots, roadways,
airports, railroads, or building floor areas. Accordingly, the preferred modules give ample
versatility for virtually any application while still permitting water flow management and more
specifically, water retention or detention.

[0031] In another aspect, the module permits water to flow within its interior volume which is
defined by channels that will be described in detail herein. The channels are generally defined
by a deck portion and at least two supports. Preferably, these channels occupy a relatively large
proportion of the volume defined by the module. The module design permits a large amount of
internal water flow while minimizing the excavation required during site installation and

minimizing the plan area or footprint occupied by each module.



[0023] FIG. 10 is an end view of the module shown in FIG. 9. [0024] FIG. 11 is a side exploded view of
a further example module. [0025] FIG. 12 is an end exploded view of the module shown in FIG. 11
[0026] FIG. W®i20aHWBI9S8r perspective view of an example module that inclBEd828UpHtMRaving an
integral footing that also provides a footing for an adjacent module. WO
2011/028365PCT/US2010/044730 - 5 - [0027] FIG.*14 is an upper perspective view of an assembly of
three of the example modules shown in FIG. 13, with each integral footing being used by a support of
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module, generally designated at 10, for use in an assembly for managing the flow of water
beneath a ground surface. The illustrated module 10 includes two supports 12 and a deck portion
14 located on top of the supports 12. The supports 12 are positioned underneath the deck portion
14 and spaced from longitudinal sides 16 of the deck portion 14. The supports 12 extend from
the deck portion 14 and rest on a solid base or footing, such as footings F shown in FIG. 3.
[0033] The deck portion 14 may be in the form of any selected shape, but is shown in the
preferred configuration as a rectangular slab. The deck portion 14 includes a main section 18
and at least one further section 20 extending from the main section 18. Preferably, the deck
sections are integrally formed. The supports 12 also are spaced from the longitudinal sides 16,
such that the sections 20 extending from the main section 18 are cantilevered or overhang from
the supports 12. Sections 20 preferably are formed such that they need not be supported by an
adjacent structure when installed. The supports 12 also are spaced apart from one another. The
supports 12 may further include leg sections 22. In the illustrated example in FIGS. 1 and 2,
each support 12 has two leg sections 22 that are spaced from ends 24 of the deck portion 14.
However, it will be appreciated that more or fewer leg sections 22 may be configured for each
support 12. In addition, more supports 12 may be positioned under the deck portion 14.
[0034] To manage the flow of water, the module 10 defines an interior channel 26 which is
preferably open at the ends of the module 10. The interior channel 26 is defined by the supports
12 and the main section 18 of the deck portion 14. As shown in FIGS. 1 and 2, the interior
channel 26 extends in the longitudinal direction of the module 10 to permit the flow of water in
the longitudinal direction. The module 10 also may include support channels 28 in the lateral
direction. In the embodiment illustrated, the leg sections 22 of each of the supports 12 are
spaced apart to define a support channel 28 therebetween. Both the interior channel 26 and
support channels 28 are in fluid communication with one another so as to permit water flow in
the longitudinal and lateral directions.
[0035] As illustrated, each of the channels 26, 28 of the example module 10 in FIGS. 1 and 2
extends to the bottom surface 30 of the supports 12, and thus to a footing or floor on which the
module 10 sits. This configuration allows for relatively unconstrained fluid flow through the
module 10 regardless of the fluid level. However, it will be appreciated that there can be other

configurations for the channels. For example, one or both of the ends of the interior channel may



Detailed Description [0029] The present disclosure generally provides a module for an underground
assembly to manage the flow of water. In one aspect, the disclosed modules provide great versatility in
the configurdfd0dt/e28detular assembly. The modules may be assembled PCAWNSEOEEAHEE
orientation to suit a plan area or footprint as desired for a particular application and its side boundaries,
The modular assembly may be configured to avoid Z)Zisting underground obstructions such as utilities,
pipelines, storage tanks, wells, and any other formations as desired. Some of the modules that may be

used i%@é&%ﬂ&ﬁ@@’é&%@ﬁ%%@ SNJsrgronnskassamblytennanage dhe dpveebvater also are
sold by StormTrap LLC of Morris, Ill., under the trademark STORMTRAP(r). [0030] The modules are
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such as, for example, a parking lot, airport runway or tarmac. Alternatively, the modules may be
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numerous applications and, by way of examplé but not limitation, may be located under lawns,
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and more specifically, water retention or detention. [0031] In another aspect, the module permits water
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channels occupy a relatively large proportion of the volume defined by the module. The module design
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deck portion 14 located on top of the supports 12. The supports 12 are positioned underneath the deck
portion distrihatispapandrsimabhonerintarsapcso e sRugsoHiskcles s BapBsHset? extend from

the decfyperiionnl4iandedt AricalidiRasp Aniopings sHehaaIfolings HIRWARIFIG idthe
range of two feet to twenty feet or more, and preferably is approximately fourteen feet. As
illustrated in FIG. 2, the span or width W of each module 12 typically may be two feet to ten feet
or more and is preferably about eight and a half to nine feet. The thickness T of the deck portion
14 and supports 12 typically is in the range of five inches to twelve inches or more. By way of
example, but not limitation, a thickness of seven inches has been found suitable for deck portions
14 having a width of up to nine and a half feet. The height H of the module 12 has an
approximate range of two feet to twelve feet, and is preferably about five or six feet. It further is
preferred that the channels 28 in the supports 12 have approximately the same cross-sectional
size as one another, The height of each channel opening is in the range of approximately one
foot to five feet, while the width of the channel opening is in the range of one foot to eight feet,
and typically is approximately between four feet and seven feet, and preferably five feet. The
sections 20 extending laterally from the main section 18 of the deck portion 14 may vary in the
distance they extend in a cantilevered fashion from virtually no extension to up to over
approximately one and a half feet.
[0038] The dimensions associated with these unique module constructions afford a significant

savings in material, and therefore, a reduction in weight. The construction industry is often



[0033] The deck portion 14 may be in the form of any selected shape, but is shown in the preferred
configuration as a rectangular slab. The deck portion 14 includes a main section 18 and at least one
further sectidP201840R8368ng from the main section 18. Preferably, the deck ReEa818/&H4Adgrally
formed. The supports 12 also are spaced from the longitudinal sides 16, such that the sections 20
extending from the main section 18 are cantileveréd or overhang from the supports 12. Sections 20
preferably are formed such that they need not be supported by an adjacent structure when installed.
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sections 22, In the illustrated example in FIGS. 1 and 2, each support 12 has two Ie% sections 22 that
t
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under the deck portion 14.£034 0 manage the flow of water, the module 10 defines an interior
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interior channel 26 extends in the longitudinal direction of the module 10 to permit the flow of water in
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define a supﬁort channel 28 therebetween. Both the interior channel 26 and support channels 28 are
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2 extends to the bottom surface 30 of the supports 12, and thus to a footing or floor on which the
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the channels. For example, one or both of the ends of the interior channel may
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channel. Alternatively, a channel may not extend to the bottom surface 30 of the supports 12, such as
by formfa g BA é@@ﬁiﬁg fe¥Ssupport 12, rather than an opening that extends to the floor. [0036]
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therethrough. The large channel sizes also prevent clogging due to surtace debris which may be swept
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channels 28. As is illustrated in FIGS. 1 and 2 the preferred shapée of the support channels 28 is a
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or CirC'%%e%!éﬁ’gfﬁ?a.bﬁ 1588 will be appreciated that the deck portion 14 may vary in thickness as a

cantilevered portion 20 extends outward from the main section 18 and a support 12. Thus, the

present disclosure illustrates examples of unique refinements in the design and construction of
modules, which can provide significant advantages in weight and ultimately in handling and
material costs.

[0040] As mentioned above, the modules 10 preferably are positioned in the ground and
oftentimes underneath several layers of earth, Therefore, the modules 10 need to be constructed
of a material that is able to withstand earth, vehicle, and/or object loads. Preferably, each
module 10 is constructed of concrete, and more specifically precast concrete having a high

strength., However, it will be appreciated that any other suitable material may be used.



100371 As illustrated in FIG. 1, the module 12 has an overall length L that typically is in the range of
two feet to twenty feet or more, and preferably is approximately fourteen feet. As illustrated in FIG. 2,
the span or W29 \WO0a88ach module 12 typically may be two feet to ten feeP&ANSR818QdHBdreferably
about eight and a half to nine feet. The thickness T of the deck portion 14 and supports 12 typically is
in the range of five inches to twelve inches or moré.9By way of example, but not limitation, a thickness
of seven inches has been found suitable for deck portions 14 having a width of up to nine and a half

feet. ThehaiphtH QfdhemoduiR Lahas RhARRISDaterRNGE RiiidaqticbuehRi faaicrmal is
preferably about five or six feet. It further is preferred that the channels 28 in the sugports 12 have

approxiFrRidity see saadlerold - paelesrhly ive fagnentk vt arabedurs reipforeragils, cRASREN®HBRing is in
the rangie qf apRseiNpaisly ene.fepiiodiva: faet whig ths Witk ofitht.chanRscerRAIRg Ia iRdhe range

of one foot to eight feet, and typically is approximately between four feet and seven feet, and
preferaﬂl}lﬂ‘ﬁ%qgéﬁavﬁéf‘s@@ﬁ‘@& 19, éhecrammry ader apdrdsirkper tiomid S aasseraltofin ger pdrtion 14
may vagyléqﬁg}%g' ance they extend in a cantilevered fashion from virtually no extension to up to over
approximately one and a half feet. [0038] The dimensions associated with these unique module

construl®¥3d affberecsigemenistenths gizhanhlesationsd sHehermreedded aeiadors HHE The
construglion, RAdvsHYHs RABH (WN@RieR1HIRE3GRA G TWHIPROIANA4LBOTIR ssQnat ainedi¥nugignt limits

when transporting and moving materials; therefore, a weight reduction allows for greater efficiency.

Prior aondaaTEsWarimedrly ravemanlors tssigaedditiadiserersigacturheagieahismik atring a
deck CQHé%HﬁQ%W@‘BM&lé‘%lﬁE@QM&M@éﬁﬁu@%‘&@@l@tgiy%’gblﬁ%%ﬂtﬁ%ﬁﬂ/&%ﬁ?@%@ modules

disclosed herein include sections of a deck portion that extend from a main section, typically in a

cantilevdlpsedasriv heamadulys aburlarae fihsssiatorsingdamivkmeshothss frasieh s 9 SIBFINt
spacedjpRayd L te.s H%%%M%S%PPB@QM%MEE iR Bheres SPakefl thepiask PRkdienretween

the suppoits, which means that the overall deck portion may be thinner to withstand the same load. A
thinner deleanpodibarngdvelysthsmedies /T paaribtsholoreigt BrirdasdkchisRIeE Mfhter deck

portion pemits dhe iRe At 1633 PRsRING SHRPAESHEsaILRISe SRSt ipachafdha DSk ARRY

portion. This also facilitates the use of less massive footings to carry the lighter weight deck portion

and suppeRBLnIgNEY idighenast tenuineed istngiuais thadedpstnieniig sddod abenreduulVgradures,
as well a5 pateniiaiy RAer £ W IRMERKR MeNe anthbasidigriWempRISPakifS W Rdewer

equipment and shipping costs. [0039] Depending on the particular designs, the use of thinner or lighter

weight higkrrss eibernsersay neraiinpry Al oisu fAerhfitiseRd e Consiviinaonl GrerbAHIHINGS. For
INStanca Y YAy 5 EXAIPIE A8HRRL IR EAH Mo tRSSUD BRIS TAVARS PRy sWhak @pepeckimBlickness

from the top to the bottom. This is evident in the example module 10 shown in FIG. 2 where the

supporths geerErciaswiber sddiseninavihiiend serisdet dradingiipone e stadid vothsay tend
to broagen, atshe iR st theYShLrRd: v Al gdanger longitudinal section of a support. In viewing

FIG. 2, it also'will be appreciated that the deck portion 14 may vary in thickness as a cantilevered

portion B8 Bltenbcsuinsiaded dnrmesssaihlEehirorvrm i @nd uppotpasishlisthadegrsssiongiatiosure
illustratgg, eXRMRE S0 IS8 EHRE PRSI0 HEIpS8 ARG SONSHECIR M na duleRyybich can

provide significant advantages’in weight and ultimately in handling and material costs. [0040] As

mentiod&tFabby desien may racy herseapfijosiingssitichag faatveeg Ao thal ascltiand 1Ad@Fneath
severaljayers pfafbod BEER N end MBIt WRSWHDINGEE 18 b canRirvsisdad adiaisriakibad is able to

withstand earth, vehicle, and/or object loads. Preferably, each module 10 is constructed of concrete,

and morBdgplyémcHIf SURDOAtS CHVRT st i tcadnign wadsiltingseildeloadoitbe megrdeiateatat any
other syiaple MAGHR! FHRYPEHERInodule.

[0044] If using footings, the footings F may be positioned in a parallel and spaced orientation
under the leg sections. The footings F preferably are made of concrete and may be precast or
formed in-situ, The lateral distance between the footings preferably is filled with aggregate
material or filter fabric material (not shown) to allow all or a portion of the water to be absorbed
by the soil. The aggregate or fabric material preferably is placed between the footings and

extends approximately to the top surface of the footings to form a flat layer for the bottom



WO 2011/028365PCT/US2010/044730 -9- 100411 As seen in a further example module 10' in FIG. 3,
for added strength and structural stability, the modules 10' preferably are formed with embedded
reinforceme¥iQ,20H18P8AGAY be steel reinforcing rods 32, prefabricated steel RESHS2UYGPHHIREr similar
reinforcements. In the illustrated example module 10, the supports 12" and deck portion 14' preferably
are formed as one integral piece. [00421 The requi}QrﬁentS for the size and location of such embedded
reinforcements are dependent on the loads to which the module 10" will be subjected. The specific

reinforcements,fof &m@w@rme%%gggﬁmé%%g eSlapeddng lsRASAbAIUARIEH:E ngm%r to

work with the concrete to provide sufficient load carrying strength to support earth and/or traffic loads

placed avitatie pasileszavdideadpwe wetardrchsgbirtbed intsthedmersaihsath psrmeit@ifient may
be used Juflh RS PIEARISIPREL M ROSTIABICRRE $Rei AR s ey Raslaler RiRsiadhass Meribbons.

Alternatively, the modules may comprise hollow core material which is a precast, prestressed concrete
having betiteraithy, faatinasds aepxtbarftieduilbwaBiaunidrsithEoRerieict BEBURARESIERR along

its lengf,3nd < ABYINIAR IRdNEINGIRTE AR A6 AlREaHbIY\GRIE @dﬁp%%&um%d%%iﬁt or

beneath a traffic surface such as, for example, a parking lot, street, highway, other roadways or airport
traffic stefeisase todwibaurxsonieruatfontinn ondeonahi by P éee Erraedaritiasobritatsn and
Highwa%ggggga&ﬁ%gg’rﬁ—&gg.standards. Preferably, the construction will be sufficient to withstand an
HS20 loading, a known'load standard in the industry, although other load standards may be used.

[0043] DA4H]indiaserta 2hasseablyjotHResaspBeR! ahtyfrBeasatifcaTRMbsiudsecRidnts the
moduleg, a6 RLefatrhlY, Placed § 2 IRRngSmBRMSR. OlPafloRtFMI £ARE RIS ARARICH FAZRE Plbedesign

may specify the use of footings, such as footings F that are shown in FIG. 3, or may utilize a floor,

such adnrsidadorvdsmedensldn-sndrenfieriaions thEhsdsaemithi ol reodHES IYMPHE RSB serves
to distripute [9the HaderdagSohiRmAtbe TrdySRSWSIRT ybinRldaadaupasad on the

module. [904411 If using footings, the footings F may be positioned in a parallel and spaced
orientatieficulded eraligyratietonsiushe seuengEmrogirsas b &larsdadidp dareteemy by e precast

or formedingsithy {herigterabdiRianas Retvern Redagtiaoppiciemblydmilied miRawaeats material

or filter fabric material (not shown) to allow all or a portion of the water to be absorbed by the soil. The

aggregdispessdisirngtie trngiredirabilies pracelthrarisarbiiie oterysl salpaaed mosdylbRATREly to

the top g%@@&&g’éé&ﬁ foiinas irdrsme flak ey eRRtNBRP IR TRt columns and rows of
2011/028365PCT/US2010/044730

modules. The rows are disposed along the lateral direction of the assembly. This configuration
results in longitudinal channels being aligned with one another. Alternatively, it is possible to
place modules in an offset or staggered orientation, such as, for example, an orientation
commonly used for laying bricks, while still providing aligned channels. The length or width of
the assembly of modules is unlimited and the modules may be situated to form an assembly
having an irregular shape.

[0046] FIG. 4 illustrates an example assembly A formed with four of the modules 10 illustrated
in FIGS. 1 and 2. The four modules are positioned such that a first deck portion 14 is placed
adjacent another deck portion 14. In the illustrated assembly A, deck portion 14A is positioned
end to end with deck portion 14B in a first column, and side to side with deck portion 14C in a
first row. Likewise, deck portion 14C is positioned end to end with deck portion 14D in a
second column, with deck portion 14B positioned side to side with deck portion 14D in a second
row. The resulting configuration of the assembly A is generally rectangular. In order to connect
the modules of the assembly A, the joints formed between the adjacent modules surfaces are
typically sealed with a sealant or tape such as, for example, bitmastic tape, wraps, filter fabric or

the like. It will be appreciated that this assembly A merely is an example of a portion of a larger



- 10 - surface of a channel 26. The aggregate material may comprise any conventional material having
a suitable particle size which allows water to be absorbed into the layers of earth beneath the
assembly aVORMIHEEBAGW rate. Various filter fabrics also may be used. Alt@GERIPEA P Efea
between the footings F may be filled with continuous in-situ concrete or a membrane forming a floor,
The floor may be impervious except for an assembiy1 outlet port. As described below in reference to
further examples, a footing or floor also may be integrally formed with the bottom surfaces of the

, Itipl
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modules ma t one another. In an assembly, the modules are preferably placed in

side-bytsideraydlen émliu@éﬁ?ﬁe@:@ﬁﬂggﬁaﬂ_m\§9W@ﬁ§§é¢hb@bbm@ﬁmr&eﬁqb9l%‘é-a_lrranged in what can
be desiﬂtg’ﬂ asl[l‘ﬁglH%%%ﬁ%ﬂ&ﬁﬁﬁés@ﬁ@dﬁ@?@%&ﬁﬁg PORNGRRAUESIER RIGHAIRR es

configura Thus, a series of modules may be placed within an assembly in an end-to-end

configut&toand Bhbeinginilubboefeneticeiias lofisitacinathn aforeirsthcdie ineron diesets 200§ the
'Ongitug%&%éu‘fé@efé@ 0! ipasembiton S3EAGeebm el BadYRR MRy he Alatasl adiagant to and

abuttin Irst column to form an array o umns and rows of modules. The rows are disposed

along tHéMategaihsireviion @inpera$%@mpq(avmi@ﬁf@hmn@magmt@fimmdameémm@éing
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orientation, such as, for example; an orientation commonly used for laying bricks, while still providing
alignedléatrgsihie méthen gtivrerividh afdhecariisviid slomisa 4E€ isfunndited Yndefieanpaiies may
be situ i f m a}ssembly having an irregular shape. [0046] FIG. 4 illustrates an example
assembly A tformed with four of the modules 10 illustrated in FIGS. 1 and 2. The four modules are

positio8848)chWtlt resrettdedrtpisttidert4tie piaped elijanelst2Snoftineedides [Sbxtind 18Ciaren@ illustrated
assemtﬂ@ﬁ%&?@ﬁ&%ﬁéﬂé@%&?ﬁ%ﬁ%t&kg GRS ROGIROHER AN GHitRlcrdwn iy and

side to si eck portion 14C in a first row. LI ise, deck portion 14C is positioned end to end

with debkponitniielBspeativsdesdessions? Aheingesrgssrfiom1ths iseeeedine giad 4o tide dagk deck
Portion g3 2o AN Iiae drain see e Tiantia an aldp Rt IR RARAMRGaNaUar. In

order to connect the modules of the assembly A, the joints formed between the adjacent modules
surfacewedsleypihytsualedavitht sasbetnron ependdehead, maceneipl¥, \mihmsamag@,tw&}%, filter
fabric O{hﬁ@%éﬂfﬁfﬁwﬂrpsfaﬂp?r&%mﬂ% kb?}amae%%%% Ui o P GRS ATh A ARG RATHOM e
larger WO 2011/028365PCT/US2010/044 730 assembly, arid typically would be positioned within the
interior mpdubasyier ks piedongiseditboll amvhiatezal disertimgiade different modules, some of which will be

gneos;urilggﬁ»ml oWy Has SRRIWANRR WHSHAIRALI GGy 44 Gt A dREIRIEH L LA BAREIH 26 of

detain fluid. In these instances the assembly may be at least partially enclosed and may also

include additional modules having closed walls. For example, as shown in FIG. 5, besides the
first module 10, which is like the module depicted in FIG. 1, the assembly may also include side
modules 10S-1 and 10S-2 and a corner module 10G. The side modules and corner module are
disposed peripherally of the first module in FIG. 5 and have some of the same parts such that the
same numbers will be used to designate like parts. It will be appreciated that other embodiments
of modules also are possible at the periphery of the assembly. It also will be appreciated that in
some instances modules with at least one closed wall may be included in the interior of the
assembly. In the illustrated assembly, the four modules are positioned such that each deck
portion is placed adjacent at least one other deck portion.

[0050] Due to the modular design, a plan area is not constrained to simple rectangular shapes.
Rather, the modules may be combined in any desired free form plan area shape available within

the constraints of the site. One skilled in the art will appreciate that various combinations of



10A and 10B being in fluid communication longitudinally, along with the interior channels 26 of
modules 10C and | OD. In addition, a support 12B and a cantilevered portion 20B of module 10B
together withQ 230EBAB4EPD and a cantilevered portion 20D of module 10D BeRS204t€B¢hannel
26'. Likewise, a support 12A and a cantilevered portion 20A (not shown) of module 10A together with a
support 12C and a cantilevered portion 20C of modide 10C define another outer channel 26'. [0048]
With respect to lateral flow, the support channels 28 of modules10A and 10C are in fluid

commugieatin YRy IIG HRAK SHANR ARALHRA SR A dBsdagur, with the

respectlve eg section eing space om the respective ends 24 of portions 14, a firther
lateral chafiget@Biis formed by the spaced apart leg sections 22 of two modules 10 that are adjacent
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modules Wlt at least one closed wa may be inclu e interior of the assembly. In the illustrated
assemisipening foueamooenéssigrevish sithen ek isu chanvgieast uakqisnisrsiehlate@ingjacent at least one

other d rti [ t | impl
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to define a support channel 28 therebetween. In this example, the leg sections 52 are adjacent
the end wall 50 at the outer end and are not spaced from the end of the deck portion 14S-1 at the
opposite inner end. Both the interior channel 26 and support channels 28 are in fluid
communication with one another so as to permit water flow in the longitudinal and lateral
directions.

[0053] Side module 10S-2 is another example of a side module which is somewhat similar to
the first module 10 of FIG. 1, but it functions also to form a side of an assembly of modules.
Side module 10S-2 includes a deck portion 14S-2 and a support 12S-2 spaced inward from a
longitudinal side of the deck portion 14S-2. Side module 10S-2 also includes a support 54 which
extends from an outer longitudinal side of the deck portion 14S-2, rather than being spaced
therefrom. Support 54 is a substantially vertical wall extending downward from the deck portion
14S-2 along one side of the deck portion, and thereby forms a side wall. Thus, the support 54 is
a vertical wall with no openings that defines a side boundary of the assembly, although it will be
appreciated that a side wall also may include an opening to communicate with other water
management components, such as a pipe.

[0054] As a result of the structure of the example side module 10S-2, the module has one
closed side. Together, the deck portion 14S-2 and the supports 12S-2, 54 define an interior
channel 26. Support 12S-2 also includes leg sections 72 which are spaced apart and defines



these four types of modules can be used to create assemblies that fit virtually any desired
configuration. 100511 Side module 10S-1 is one example of a side module which is somewhat similar
to the first "R WORBIHRIG. 1, but it functions also to form an end of an asBemBizU0Adles. Side
module 10S-1 includes a deck portion 14S-1 and two supports 12S-1 supporting the deck portion and
spaced from the sides of the deck portion 14S-1. Side-module 10S-1 also includes an end wall 50,
which is a substantially vertical wall extending downward from the deck portion 14S-1 at one of the

ends of the dec rty h a [ ' | nd
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commufhidteomithuoihatianatathnoanagethertocanipoaenis patehilesvanibe laegbxipad éﬂ‘gb@&ﬁfﬂf the
structupflrggg%%sexample side module 10S-1, the module has one closed longitudinal end. Together,
the dec porhon'14S-l and the supports 12S-1 define an interior channel 26. The leg sections 52 of
each of 808 Suppbet snesibetion 281 Himenspereef shaaside mefntes 1R preterahhiet g haspsMedieen. In
this ex le, the le I0 dj -not.spaced
rom 1 BT e s PG o 28
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which is Somewhat S|m|$ar t%%g%%*lrst module 10 of FIG. 1, but it functions also to form a side of an

assembigcefsmydnlesdSitteatimdlitdlopsurlinattiosses watk.psrish 29 strenfyidssuphentidoauyiedaced
inward fro ad%{g%itudinal side of the deck portion 14S-2. Side module 10S-2 also includes a support
54 which extends trom an outer longitudinal side of the deck portion 14S-2, rather than being spaced

therefrdfBlipsartB4 fsalslebidntiatiypespticsiniainoaesditgbosndrarieiio AesrdRat Ripblaioie 14S-2
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wall with no openings that defines a oundary of the assembly, although it will be appreciated that

a side Wil @iswrmaydnicli66 dasopeniteped eadrivalinféaiie thettpogiedivateliveriitmperd amecdmspdnents,
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ogether, the deck portion 14S-2 and the supports 12S-2, 54 define an interior
channel kas,Supplored 281180 G ifithescrgaavadnls 19 WHriina mnsptdecboapdrraafl actises blo

2011/028360R G I{1SPa8! Br%/i!'gr%glif %?’e'placed at corner locations of an assembly and the dimensions

of the corner modules may be similar to the modules adjacent to them, such as described with
respect to the module 10 shown in FIG. 1. However, it will be appreciated that the actual
dimensions of a corner module 10G may vary, and may depend on the requirements of the
particular plan site.

[0057] Similar to side module 10S-1, corner module 10G includes a deck portion 14G, a
support 12G and the support 64 that forms a side wall. Together, these portions define an
interior channel 26. The support 12G also includes leg sections 62 which are spaced apart to
define a support channel 28 therebetween. In this example, a first leg section 62 is adjacent the
end wall 60 at the outer end, and a second leg section 62 is not spaced from the end of the deck
portion 14G at the opposite inner end. Each corner module preferably defines at least one
interior channel 26 and at least one support channel 28, similar to those channels previously
described in FIGS. 1 and 4, to allow relatively unconstrained fluid flow between the channels of
the modules in an assembly.

[0058] Like the module described in FIG. 1, in a corner or side module, the supports, whether
internal or formed as outer walls, as well as the deck portion, all preferably are formed as one

integral piece and preferably are made of precast concrete having a high strength. In addition,



support channel 28 therebetween. Both the interior channel 26 and support channel 28 are in fluid
communication with one another so as to permit water flow in the longitudinal and lateral directions.
[0055] The ¥ASHKRHAnd dimensions of the side modules 10S-2 preferaBiyTAVSAHE/ 64T as that
described for the first module, although other modifications are possible. In addition, as noted above,
while the boundary walls, such as end wall 50 or sidd wall 54 are shown as being imperforate, it also is
possible for these walls to include one or more inlet or outlet ports as necessary in order to allow inflow

and ou&%%%%ﬁ&i@é?re?@r%ﬁ}e% o %H%%ﬂ%é&’!ﬂ@&&ﬁ{fﬁgﬂemwﬂi@ﬁ11[199%@] drRiner module 10G

incorporates into one Mo boundary s somewhat similar to those of end wall 50 of side module
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to form a corner of an assembly of modules. Thus, the closed walls 60, 64 of the corner module 100
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portion 140,"a support 120 and the support 64 that forms a side wall. Together, these
portionsutedisnsled intenioxtchianmellbErmed byphosidomadkdemndistlescrbheseidtion 952 difieptare spaced
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the end wa Fg: at the outer en second leg section 62 is not spaced from the end of the deck
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atively unconstrained fluid flow between the ‘channels of the modules in an
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integral piec pre ly arc’made of precast concrete having a high strength. In addition, WO
2011/028365FG BUskeetoaly.3be foating may be integrally formed with the module. Likewise, if

the assembly is going to be supported on a floor then, for example as shown in FIG. 6, a floor F’

can be put in place and the modules can be positioned on top of the floor F’. Alternatively, a
floor can be integrally formed with a module such that a generally four sided structure is formed,
or may be developed by use of inverting a first module for engagement with a second module,
such as shown in FIG. 7. As is best illustrated in FIG. 5 the bottom surfaces of at least some of
the supports, such as supports 12S-1, 12S-2 and 12G, may include offset surfaces. With this
configuration, when stacking one set of modules atop an inverted like set of modules, the
corresponding offset surfaces engage each other and facilitate stable stacking, as shown in FIG.
7. Preferably, when the modules are set on a floor or footing the bottom surface of the supports
are flat as is shown with supports 12.

[0060] To manage water flow, it will be appreciated that an assembly of modules typically will
include one or more inlet ports (not shown) to permit water to flow into the modules from areas
outside of the assembly such as, for example, water that is accumulating at the ground level or
water from other water storage areas located either at ground level or other levels. The inlet
ports can be located at any elevation in order to permit fluid communication with existing water
drains and conduits and are commonly fluidly connected to a ground level drain and its

associated conduit. Inlet ports may be specifically customized as required by the preferred site



the modules preferably are formed with embedded reinforcements which may be steel reinforcing
rods, prefabricated steel mesh or other similar reinforcements. As mentioned above, it will be
appreciatedWhtUtieX8éehbodiments of side modules and corner modules MR&TBESIAIBGH4TEN with the
first modules that are shown in FIG. 1 to create an assembly. For example, the side and corner
modules described in the Burkhart Patents, may bel fised to form sides and ends of an assembly, while
using the modules 10 disclosed herein within the interior area of the assembly. Alternatively, an

assem?%gi:@fn%gxt??@ﬁ L@?&%@Hﬂﬁ%&%&? igstymedulns andlsasyregpdesanesiaopall

formed by the side mo sclosed herein, or of a different construction. Further, an assembly may
be constitletarbtitiaydantifpunaddrtngnibefmatsarifeamednte Bl aPraieraddaesip® iSurround by

sides apd cornGr MAshIGs dess AR RIS, OSSRl ARt decribed, each module of the

assembly Is supp on top of some form of a footing or pad, although the underlying structure may
be in thi986h okdetiportsmaneidirhplecatedioterforrembgrbefithe madains ﬂf@m%@zs}mﬁbed on
top of (IR ExichBR INif! Gu s MIEBALY Shdtndepting Mmaas iigaalbuipemed avith the
module. Likewise, If the assembly Is going to be supported on a floor then, for example as shown in
FIG. 6, ladhtiomFapdrelsagsioninipltheeparithetes maldiile sessive s PUBiNaHedVEhrids Ooff e Foete:.
Alternativ f I rally.f it Spgh I sided structure
is formé%?%gbﬁa%eﬁgvygggﬂbsh%&% v%ﬁ%&%?gy Jr%o%% l%é %@%ﬁgggﬁn%ﬁﬁv%&l gq second
moduleststeshvaishén shernissembly r/ks peteitaddstezithimassanblyisibe e GUITaKERASF A% some
of the s hts, : -1, 12S-2 and 12G, may include offset surfaces. With this
%@P&lﬁ%ﬁ%@ ﬁﬁ@ﬁ*gﬁﬁﬁ%

configuration, when stac modules atop an inverted like set of modules, the
correspl@6ig dffeeesiugapeisteinedonnen sttty dlfeciameniibeandeudids @ gRORMOMIFIG. 7.
Preferabi s R IRdNEAE SR floonRuiReiRG AN SHERAR Atbssynparts are flat
as is shown with supports 12. 10060] To manage water flow, it will be appreciated that an assembly of
modulesrefpiabliytoinincludersmd terfdleviing: fbiits (Roetipria) el piarait Waies rtwfra@mm&mh?e
modules, Ut afERR pHisida G AsRE IR AUCT AidAl RIAMNIR UAIBIdRY R acsALing at he

ground level or water from other water Storage areas located either at ground level or other levels. The

inlet poftachanibet Ipexsayan kinfpunksdiivhérfloptar ihpeprimegivein rithrcatismiith &ssnblwater
drains t%%&%%im;yg%agfa&é%{@mlmw&x&mﬂeﬂ 9 HEun Ry drae ﬁe}qri%@%'e‘mgaa@d

condui et’ports m specifically customized as required by the preferred site W

2011/028365mE3t 1930080 FR(er. 1By wqtmfm@n@ftobemmtfbwmiqne@wﬁhremm@&r@hmhe |
assembly. EOLEXABRIE, URREAHAN BlNARMSRMBYAERIAMRY SUibmNRIBaIaaR ala module, i
a preferred location is Known, or may be formed during installation using appropriate tools. [0061] Inlet
ports mespesithlyr bislteateck I, detkirmembetistis meembwb@@glathammgﬂwéwr@bmnﬂqn or
combina YR JDIEL RS i 1DIEh BPUEPRY e ARG O CHAIBENERALIGRIANS ks an
elevations In the perimeter walls to receive storm water via pipes from remote locations of a site.
Multipléspetmipibl g8 aer haxingqpevidsd. Also, the water can either be stored within the assembly or

be pe”@‘é%g o Sﬂztew&lﬁg%ﬁ%}lf%ﬁﬁm&%eo?'E}{Q%8&&@5%%%%&%@%%&%%@%%9”““ ports.

[0062] Managing water m an assembly also commonly may include the use of outlet ports.

Thus, assembly vatirperdisvagbie indudoatiwmanaiiesudiacotarhs as%ﬁkﬂ&aéﬁéeb%f&h_iﬁly to one
or moreoﬁf?{gﬁ%ogggw&% %ﬁ&%ﬁ%gﬁ%@é@;ﬁﬁﬁ%%éﬁ%ﬁﬁ%gI%@of‘ﬁ%ﬂgﬁfrm%{:épa'

treatment facility or other locations whi ecelving water. Such outlet ports may be

formedtietehoddstonting ﬁi@ﬁim@te?fwaﬂbaﬁﬁﬁiéfa?‘)%Wr%&%émmwém%ﬂmﬁtérﬁﬁw parfaercet in
Va“0UStL%C@&%éf%ﬂ%ﬁw@rég,%@@f&%ﬂmébﬁa%ﬂmﬁsrayxﬁk'tw&mﬁfﬁnm%md%@%ﬁﬁpp water.

By way of example, but not limitation, outlet ports ‘preferably are sized generally smaller than the inlet

ports tordgistlitn the ovwwiasonhthadselbrvnaionsdishbnzyrsmhnsst it éhasdegleRpriinn
assem%ﬁéﬂfﬁLf9Hlﬁﬁ%ﬁemasugfgvg%%ﬁ&sb&%a&@%%ﬁiagrcﬂ?éé%ﬁmg@a ulleRESANSIHEIRE AR

perforate material or through other means, such as an impermeable floor having openings,
not be limited to simulated brick in various patterns, such as illustrated in FIG. 9, simulated stone

pavers, and graphic illustrations. Also, the deck portion may be configured to receive actual
brick or stone pavers or cut stone, inset into the top surface of the deck portion as a further

architectural enhancement. For example, the module in FIG. 1 may be provided with an upper



[0063] Given the robust construction of the modules, an assembly or some modules of an assembly
may be configured to include an upper traffic surface to be used at grade level. This offers the
economics ¥¥AatiiidAdigiavement not being required in the area of the storR¢ WEREP 1AEATIh/detention
channel. To enhance the visual attractiveness of the upper traffic surface of the deck of the modules,
the upper surface may include architectural finished @vhich are either added to the top surface of the
deck member or which may be embossed into the deck portion when it is manufactured using molds or
other tooling, Thess emaossed syt inelide bRl ReATiesmismyatedbiiek imyarious
patterng?g?l%:%‘gls Ifstra gﬁls?ﬁgﬁéf{%‘?gﬁnﬁ?gé%%stone pavers, and graShic iﬁ[@traﬂons. Also, the deck
portion asseynibéydorfigurd toaffceivefastoiftrr ickaoritonepingddr cut stone, inset into the top
surface, g §p AeGROrY et GBliReiigh pNARCREN T Bla /Bl G iodule In FIG. 1
may be[g{r’égiieg‘%fv?t n%tﬁlgl?pﬁp%r% WS g8e365PCT uszolo/04iF7389- 16 - surface with the
assembilepeitiydnstatidasat dif kevnalionatignie ghowbeissapihdy stifaimsiohen BiSemBlyseassm the
raffic spRsRcah AL ExaIRlE. HRAKIDShIOREAl Tuaa e S & dillihe e iesinle gt an

assembly may be formed wit e modules at different locations within the assembly. For

instanceteticr ehillustiatds padiaitematfistmodules isismiagaseopladtapuljaahtsehenvathsting form an
outer sig s Landhiruatorshnoneledanepision &liidnein 2l fisaiasadon flogiheand o

shown Ravmg a pair of supports 112 connected to and below a deck portion 114. First module 110 is
somewhiatibamitamadmod QeI Gf FI®ith avithimseriinnsb8ubaveEdborpets dugpoedirstanthd first and
second sections 120 e ' [ Cl] [ ' MAAREE- §legs 112
are spasceecgna%%er%%e{%r% , ft%%%t %%&?ﬂﬁ@ﬂgﬁ@%ﬁ %‘ﬁﬁé%giﬁgﬁgﬁ%ﬁ%‘%mm agnf'i:{%%or channel
126 in thElermstudirthhpire etidntddetheveittedshusdpyside of thefmasustetiorol d8efprstanéigiéotpaced
apart le [ that f Ik ellgﬂggg | ra direction. | Il he
support%%%é%o%ﬁ%ﬂgéée%ﬁggﬁ%%ﬁ%' are spggé\%%f%niﬂé%é?s{?%%ffr%%;e&n{}l%g:lﬂ@e%ﬂégﬂig%m In
FIG. 6, adidi sradedeapandeg ssqtiane that tleenfieciuppariclkaljaekihethbefivsiom srialetena disetiside
module, 110%-2 i imilay_to si I = [ [ Hel2S-2
underné%ltafia %“g%‘??kﬁg{%ﬁév 11854121-iJ 2?{%?1{ 82@6%%%%3%&%@2%&&%%% ?4(1) iiix%g'ﬁisi{rﬁlCEJI(S)cf:\Evnward from
the deckpdutioh1014S-2 to rest on the floor F'. The support 1128-2 spaced from the side wall 154 and,
togethep,with, th rside,.of t ' ti - interior i gitudinal
ool L o P sa S e S S
creating H0cahhitedeauicsiudeidh 00 $s 2ameaviding midan @ mdérmeditlor AS-2sshownitnddétion wihs-2

ating HesFoicatsialil (90352 _ _ i .
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undersielgaiding dewtivverd 208 2harittdopiioom ldd Bitée ménaéhq:ﬂ@qnﬁhenaﬁgnmmaﬂél%_&ion.
HOWGV%gaEJ%% FHROAE in‘?fe%v%é?ﬁ §!P'§nmqggéﬁl&l%r&ﬂ@ﬁﬁ&?&&%qﬁeﬁaaﬁ%@@@ﬁtﬂ?gssg,cm% to
pport channel there

formas etween In alateral direction. Such combinations of first and side

modulesnirtgrin dsaanel 126ibuthiotasivslinthirestiasserhblyimmetd 1a%rapiRovissrasendiesgarily
fequ'fe&’ﬁre{g%%ﬁéﬂnh’i%%éeo% RTINS gaoh 9}%&&9&% [RIASTBRIYrIRRL RREPle

assemb or Instance, ustrates another exa ple disclosure of an assembly that generally
will be dissuoribediheestivas! 4&fodblEhde pthtiondANie (eviendorgiformtiba nwinaigedien 1185-2 abuts

the adjacent section 120 extending from the main section 118. Moreover, the supports 112S-2

and 112 are spaced apart and, together with the underside of the sections 120S-2 and 120, form
an outer channel 126’ in the longitudinal direction. However, the support 112S-2 of side module
110S-2 does not include spaced apart leg sections to form a support channel therebetween in a
lateral direction. Such combinations of first and side modules may be used at various locations
within an assembly where lateral flow is not necessarily required.

[0066] Modules also may engage each other in a different way to create further example
assemblies. For instance, FIG. 7 illustrates another example disclosure of an assembly that

generally will be described herein as a double depth or double level configuration. When site



WO 2011/028365PCT/US2010/044730 - 17 - specific elevations allow increased depths of up to 10
feet and more, an assembly may be constructed with two levels of modules disposed one above the
other. FIG. WehaE®B3arangement of the modules which is similar to the WER &GO BIG. 5,
except that it includes a plurality of lower modules placed in a pattern that essentially includes an
inverted placement of the assembly of FIG. 5, togetlﬁeT with the assembly shown in FIG. 5 placed
directly atop the lower modules. [0067] In a double depth configuration, as illustrated in FIG. 7, each

ower Mduie 08 da P pAOL A0GBRIABM s RoenRralbunmaiddaprndinan) shape. so

that the deck portions -1,14,145-2 and 140 now form a floor. Each upper module 10S-1, 10F,
10S-2 andstoGigtefstablp ke génedulecdiapnseddoe peordiribepibigapEIihd ihetsgrad upright on

the fesgﬁ%ﬂg%n'{‘é&'mﬁ% 338§Hismﬂiaﬁhsfsmﬂ%%s Sk HRPE AR OV RL BaBHES IS RIBRIblY

inverted approximately 1 egrees relative to the other. The supports of the. upper module are
verticallyplicriigyl ofithwiee modplssplactddnowmstterodhie efoosd) blaseldastass itverdies placgaysu of

el f > . ; . i
con '9U{ﬁ‘é'g&@rh%ﬁr{%%@.vsiYsgem%?k@aml% %Ef@@ﬁ%cﬁéﬁi@%("?rrpmé’éj&‘!ﬁ&&@l?@t%?%a ed site

and then placing the corresponding upper mo lower modules. These steps are
preferabiyeepeatelduntil the entire assembly is completed, although other configurations and methods

f pl ible. | dul
ofplac mr%ﬂ}ﬁ arg RO 055*3;% éﬁq{@&%@@%@é glag?rg@aﬁn%ﬁ?. YMNSHQL UMY Re ipyver ppdules

in the entire reticulate in the site before’ placing the upper modules on top

of their 188petidd Mmefgmlmq@mpmﬂﬁmrd@pm@aﬁ&sbms mdh@ﬂéherﬁeglwgmﬁed or
fasteneflito pach pikes QRH‘94%§‘XOQ9?XEH%°§8MT‘%M§ Weu AL S¥RMPIRy YRS limitatiep. the

upper and lower' modules may be secured by an interlocking structure including offset engaging
surfaceptefirablidampesnersiiibiliryanatdlidenershng indapsperdisdtesked sppgbren Hisaemmsalipe
consid rfac S f | J iti ch as
chonn L S B e R
configuratiorximhstystibldagresrerelative tedbialederop kmsimpatisdofitbesennst imodule srehecrtically

_cl_(;]réecshpéqn[%qé%g‘gﬁﬁq%%& &?s%ﬂﬂg?ogf’%ﬁ’%%ﬁlﬁé and facilitate stable stacking, as shown in FIG. 7.

forme e upper and lower modules, thereafter form portions of larger channels

26D, 240068BDRinc-a8Dt afiHietbabie dm‘ﬁh@ea’ég@r@récmmrm&mi@ym@g@@@@@pm%@ﬁﬁg@&ation
further inereaRaR NG IMIHRLVRIUME LR ASRE MR s iiRES RIRAdNe thr s douaEsmodules

on top of the lower modules. These steps are preferably repeated until the entire assembly is
completed, although other configurations and methods of placement are possible. For example,
one or motre rows ot columns, or even all the lower modules in the entire reticulated assembly,
may be placed in the site before placing the upper modules on top of their respective lower
modules.

[0069] If desired, the upper and lower modules may be secured or fastened to each other using
any conventional methods. By way of example, but not limitation, the upper and lower modules
may be secured by an interlocking structure including offset engaging surfaces. Thus, to
improve stability and alignment of the upper and lower supports, what would be considered the
bottom surfaces of at least some of the supports when in an upright position, such as shown with
supports 12S-1, 12S-2 and 12G in FIG. 5, may include offset surfaces. With this configuration,
when stacking one set of modules atop an inverted like set of modules, the corresponding offset
surfaces engage each other and facilitate stable stacking, as shown in FIG. 7. The channels
formed by the upper and lower modules, thereafter form portions of larger channels 26D, 26D°,
28D and 28D’, which have an increased depth. Therefore, the double depth configuration further

increases the interior volume of the assembly. In the illustrated embodiment, the lower modules



WO 2011/028365PCT/US2010/044730 - 18 - 10S-1, 10F, 10S-2 and 100 include openings 70 that
allow for fluid flow between channels 26D and 26D’ before the water level rises to the height of
channels 28HHd @836 his allows for relatively unconstrained fluid flow eVeR/ESWMBP levels in
the assembly. [0070] The double depth configuration of FIG. 7 has the advantage that the deck
member of the lower module provides a floor which!8ssists in structurally supporting the assembly on
the underlying solil relative to vertical loads applied to the assembly. Thus, no secondary in-situ or

brecast cnFroia GG ol fIpgEis,Reess AR, 109 FIANARISIUAE MNEATRLALIE RRRLRlgver

modules now alsd form portions of even larger s which have an increased depth. So, it can be
seen theré 6D thefshetboubiedepth ﬁm@mmgmw@hmwé@ﬁlh@drﬁéﬂﬁm%@% ﬁ?ﬁ’é _
assembl. 3/ ANIsRAhova Al A meRsions A1sAHARRL ARG L RLe also may be similar to
those prewous?g/ escribed for a single gept module. As a consequence, the overall height dimension
of the al§950iblyliscatiditilcedopthe drdightetofbofif ibe Ubpetharnd Yowegaibailes dasl provirsLhGeeater
water storage capacity. However. it will be aci ' (Tlelel> wer module
Iayerssr%%\gg(il no %Qé?? g%‘g%%%ﬁ%%g{}i?,%F‘ﬁ%é%%%g&%@ﬁgg [ q;llégﬁl'urning Et%gldékll(i;.% 8, a further
examplendfdyingched islgévetalfedsigoatisdpplixtbtonhe dscemblzd Foduie 29@naudessiivoosupports
212 and a deck partion-214 lo d : | | wn in FIG.
L the S L e Ay e
longitudinedsidedukitofthisaéotappetivrns v eTerelsigspehenmes arbichhwvtiadonmensed flebththe deck
portion 214 and are intended-to . [ ing: ik ' s shown in
FIGS, S AT R e e e oy
selectedadhmpeyhe isshobly. intreerprete wé o coalfiginzivoas of ractanpretaesihblevwritangdelepdition 214
includes ain sect t i INQAT i jon 218.
The su&J%Irtsefﬁ%a%%?gpé%%ﬁﬁgﬁﬁﬁsrgﬁaégﬁgﬁgﬁ%}%%] Sl &%@%Ucﬁ% aéﬁ]%@egc}:{;&ér?[g %20
extendiogefrdhh¢rghhdainessictionf 2118aasencbhytile additive ob v hetghtsorh ibth shpppper 20 1owier

supports 212 al [ ed I 0 0 The 212 i
section?géﬁeﬁ%%v%%f P%%iﬁeg?gag‘fgg\%qeg&%%s 2%%%% u Ilggf% gtgtig wé@g é?gg\;v%lgé\gggpaced
from erfusghdsafftthe dppkrportibrved mhduled sseesionsd2®t bé the savaenphal shawreiy AIG @iaretaot

spaced fr momgrends of the deck portion 214. As with the first example module 10, while the supports

212 each have two leg sections 222, it will be appreciated that
[0071] Turning to FIG. 8, a further example of a module is generally designated at 210. The
illustrated module 210 includes two supports 212 and a deck portion 214 located on top of the
supports 212, As with the first example shown in FIG. 1, the supports 212 are positioned
underneath the deck portion 214 and spaced inwardly from longitudinal sides 216 of the deck
portion 214, The supports 212 also extend downward from the deck portion 214 and are
intended to rest on a solid base or footing, such as in the prior examples shown in FIGS. 3 and 6.
[0072] As with the prior examples, the deck portion 214 may be in the form of any selected
shape, but is shown in the preferred configuration as a rectangular slab. The deck portion 214
includes a main section 218 and at least one further section 220 extending from the main section
218. The supports 212 are spaced inwardly from the longitudinal sides 216, such that the
sections 220 extending from the main section 218 are cantilevered or overhang from the supports
212. The supports 212 also are spaced apart from one another. The supports 212 may further
include leg sections 222. However, unlike the leg sections 22 of module 10 of the first example,
which are spaced from ends 24 of the deck portion 14, the leg sections 222 of the example shown
in FIG. 8 are not spaced from the ends of the deck portion 214. As with the first example
module 10, while the supports 212 each have two leg sections 222, it will be appreciated that



WO 2011/028365PCT/US2010/044730 - 19 - more or fewer leg sections 222 may be configured for
each support 212 and more supports 212 may be positioned under the deck portion 214. 100731 In
order to maM20HAIBAP of water, module 210 defines an interior channel 2Z2FWNMOK84T4erably
open at the ends of the module 210. The interior channel 226 is defined by the supports 212 and the
main section 218 of the deck portion 214. As showA 9 FIG. 8, the interior channel 226 extends in the
longitudinal direction of the module 210 to permit the flow of water in the longitudinal direction. The

module 210 alsp may include su rt channels.228 i e late ' i iJystrated,
the leg SEC |c())rli§%e§ fr%sseﬁ%grel %%%xr]il% %%ﬁ%lésﬁ%%ﬁg]p%?teﬁgéﬁhﬁ%? %?é%é?%e%r?ﬁ%%lﬁﬁ tﬁr?e§ interior
channehi2@tapdsitippal uodantielsi@d8partion 80l communication with one another so asto permit
water flow ig.the longitudinal and latefal directions. 10074 Hlystrated. hﬁg‘ng@ 6,
228 of t%?)garﬁﬁlgl%cr) %%%?r%%lg?) 8)%%#8% %%@él%]%?t@#e%%re?agglg%qgh g}&%ports 21821,%and
thus to & foefimgbby fipen anthehsodstioé thronhoiduRd D1 §itsT histetnfighratioh22(ilia defisctbbydhsively
unconstrained fluid flow through the.m e 210 regar of the flui [, VeIt Wi
appreci%%ggolﬂ%ﬁgp%é\ilt eesmn%%}éc’ e ?rlg 8?%&&%1%1%?&%%%@ S é é%br/tks g%g%%eg? %‘ge?'e% é}s{gg}a #%eigr% odule
210. It wilhivechRRbexizieds thahthistgivedoidahfigtictiofitheaydsbibodi Bitedenith dtaSosi@heater such
as an end wall, ta form additional module constryctions. [00 further ex L Ois
iIIustrat(lel%jtlrhe &gét lgﬁ%glﬁc 1 &' hoted Wﬁél}%?plgﬁégg t]ﬁlége%aé}]nugfeg#%é Lﬁeec 1%%%%%%%% E(%l 1,
alternatisteralatitdetionn stnutbtiememydy iHohtéeduthedrgoteatineis2taarto patedapand o dhBrisattom

f fth | inFlG. 9 ' 312
posiior B b i e et AP O o

e supports
openingr3fGididunsmieg) setiionstB 2Rstilicdherspaaseid apaniovetemBewointHeid trdifheinaltand connected
by a Iovi/ﬁ%salll%%%r s%csztion 323, rather than having an opening therebetween that extends to the
bottom SUFTACES 330 Of the supports 312. This construction results in interior channels 326 formed
betwee {0 buppatis Bk drddheiithelslBa8edx A20d RRB thbtghe Hasp remiodid 82 Blimndd€h 8upport 312.

e e S AT A SR R e
in FIG. t®die 2iEekiporiibis 3vdfafextonpit habidwe B1 dclativelgsiacersitadeedi Shvid fopositioredd over
the SUpﬁx%r%o?’d]u%é 3?8 rseeg%y(ﬂrelgsso%Qheex%ﬁlri]g ifg:geflr,qlnngge , ‘?t'%? 'gieogi)preciated that it provides more

direct loading through the supports 212 near the ends of the module 210. It will be appreciated

that this type of configuration may be combined with other elements, such as an end wall, to

form additional module constructions.

[0075] A further example module 310 is illustrated in FIGS. 9 and 10. As noted with respect to

the example module 10 shown in FIG. 1, alternative module constructions may include support

channels that do not extend to the bottom surface of the supports. For example, as shown in FIG.

9, amodule 310 may include supports 312 positioned below a deck portion 314, but with one or

more of the supports 312 including a window opening 313. Thus, leg sections 322 still are

spaced apart over most of their height, but are connected by a lower support section 323, rather

than having an opening therebetween that extends to the bottom surfaces 330 of the supports

312. This construction results in interior channels 326 formed between the supports 312, and

channels 328 extending through the openings 313 in each support 312. In this example, the deck

portion 314 includes a patterned upper surface, representing a brick surface, with the intention

that the patterned surface will be at ground level when installed.

[0076] As best seen in FIG. 10, the deck portion 314 of example module 310 includes a main

section 318 positioned over the supports 312, and sections 320 extending from the main portion



WO 2011/028365PCT/US2010/044730 - 20 - 318. While the leg sections 322 of the supports 312 are
spaced from the ends 324 of the deck portion 314, further structure is added to the supports 312 in the
form of gusYEBE282EREHSsist in supporting the sections 320 that extend froRGHE TR SdZ3bn 318. It
will be appreciated that various forms and shapes of gussets may be included to provide enhanced
support for the sections 320, [0077] Turning to FIG80 11 and 12, which are exploded views, another
example module 410 is illustrated as having an overall configuration much like that of the module 10 of

FIG. 1, ing formed in r ieces o.heing i iece.
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modulesse4}(())nissga' ilar to that provided by the module 10. The connections between the various pieces
may be aﬁecte in‘any suitable manner, and may therefore involve pins, fasteners, adhesives and the

like. ThEPHBdesTaistnpay RE®. hbaifietlcovifigurati srslisled sisvin, agiaeeranpiapivguls ddl as for
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pins, fasteners, adhesives and the like. The pieces also may have modified configurations to

assist in alignment or stability, such as for example, the deck portion 414 may include

longitudinal keyways cut along the underside to receive the supports 412,

[0078] As discussed above, the supports of a module need to sit atop a footing, pad or floor to

distribute the load of the module and any further loads applied thereto. However, as shown in

FIGS. 13-15, a module itself may include at least one integral footing. Thus, for example,

module 510 includes a first support 512 in the form of a side wall having an opening, and a

second support 512A. The supports 512 and 512A are positioned below a deck portion 514. The

supports 512 and 512A also are spaced apart and, together with a main section 518 of the deck

portion 514, define a longitudinal channel 526.

[0079] The first support 512 is located along and beneath a first longitudinal side 516 of the

deck portion 514, and includes leg sections 522. The leg sections 522 are spaced apart and

define a lateral channel 528 therebetween. The second support S12A is spaced from the second

longitudinal side 516A of the deck portion 514, creating a cantilevered section 520 extending

from the main section 518. The leg sections 522 A of support 512A are spaced apart and define a

like lateral channel 528 therebetween. However, supports 512A also include integral footings



WO 2011/028365PCT/US2010/044730 -21 - F" formed at the lower end of leg sections 522A. It is
appreciated that in some embodiments both leg sections of a module may include integral footings
(not shown)WIDBBEB]0184¢Tally, leg sections of a module are positioned upoP A0St 3 Kooting
such that the module is balanced on the footing. However, the integral footing F" as shown in FIGS.
13-15 extends from a leg section 522A. This arrang?ément allows for relatively balanced loading of
adjacent modules onto the integral footing. The integral footings F" of module 510 are incorporated
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support, suclt as by an opening between spaced apart leg sections of a support. WO
2011/028365POT/A1320 10/0KITeH waRn a support 512 is placed on an integral footing F*’, the

support 512 also abuts the longitudinal side wall 516A of the deck portion 514. This

arrangement creates a further longitudinal channel 526” defined by the section 520 extending

from the main section 518, the integral footing F’, and the supports 512 and 512A. It will be

appreciated that various forms of integral footings may be included with a support.

[0081] From the foregoing description of the several examples of modules and underlying

support surfaces, it will be appreciated that a method and apparatus are provided for managing

the flow of water and/or retaining or detaining water, such as storm water, beneath a ground

surface. In various aspects, one may practice the method preferably by placing a plurality of

modules adjacent each other, so as to connect a plurality of longitudinal channels and to connect

a plurality of lateral channels. The longitudinal channels preferably are each defined by at least

one substantially horizontal deck portion and supports underlying the deck portion. At an outer

boundary of an assembly, the longitudinal channels may be defined by a deck portion and by at

least one substantially vertical side wall. The lateral channels are each defined preferably by a

portion of a corresponding deck and a portion of a corresponding support, such as by an opening

between spaced apart leg sections of a support.



[00821 Preferably, both the longitudinal and lateral channels have a somewhat similar cross-section,
and are in longitudinal and lateral alignment to form continuous longitudinal and lateral channels,
although sirtN@A#1 B928¢Ss-sections and direct alignments may not be neceRSEAISUIYHiVBA site plan.
The respective longitudinal and lateral channels also preferably are adjacent and in fluid
communication with one another, although they ma%/zbe disposed in other configurations as desired by
the existing or planned underground obstacles. Further, it is preferred that each support has a bottom

surtacergggyinab (i pRgudinahenshiaterhananals e uRNAK UomLa Rl A ERRS.of a

support, to allow relatively unconstrained water flow in the both directions. However, as shown in FIG.
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The step of connecting the modules preferably includes aligning the ends of adjacent modules, so that
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while sige and corner modules are placed at the periphery of the assembly to form side walls, end
walls atedEoveld ongitini e lsdmnnplsteheagioiteio hragdte srltesdive iy rdeeabiiiitrtite ground.
[0086] £ H%E?Eﬂam%‘i’%?o'égfm\@’%ﬁﬁeoe@&éiﬂﬂw@%ﬁgf%% fidesby e Anddn Aripgat
alignment, it Is also possible to place the modules ih a spaced apart configuration with connecting

portiondutennieirensbienitgeipaides @[ﬁaﬁ@ﬁ%ﬂméshllﬁﬁsép_tﬁ@tébé_&?ﬂiﬂwamaih‘l’épaﬁd_ outlet ports
can be Jaeaier dnirAsiaImIDensar ans AL OEMeCNAeSIRRRILBHEIRG, stAliglion in order to

ensure that the inlet and et ports are aligned with existing underground drains and conduits.

Alternativetinuavslaetapohang) theeush theeirticeebremhhe flode slodidessbethbiydenjisrtion $0th as,
for exam Pl eI 05 O RONES NG A TR A B APANIRS RNR OISRt 2RAIRLS L PROT 0t
material which allows for percolation and absorption of the water into the ground.

placed peripherally around the interior modules in an aligned configuration, so that their

corresponding longitudinal and lateral channels form additional portions of the continuous

channels. As noted above, the substantially vertical walls of the supports that form side and

corner modules are located at the periphery of the assembly and have either an imperforate or

perforate surface and may define inlet and outlet ports.



[0087] The assemblies typically are designed for water to flow into the assembly through one or more
inlet ports, and to store the water for a certain interval of time. The water then is allowed to flow out of
the assembNy@RAEYAPF¥Igh one or more outlet ports, through a porous or RETIESR G789 a
combination of both. During entry and storage of water, such as storm water, the lateral and
longitudinal aligned channels allow relatively uncon&trained water flow within the assembly. An
assembly also may be sloped such that a portion of the assembly having an inlet port is located at a

slightly higher elevati hil rt] i I a lower
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assembly is perforate such as, for example, where the floor includes one or more openings or is
formed of a porous or aggregate material which allows for percolation and absorption of the
water into the ground.

[0087] The assemblies typically are designed for water to flow into the assembly through one
or more inlet ports, and to store the water for a certain interval of time. The water then is
allowed to flow out of the assembly either through one or more outlet ports, through a porous or
perforate floor, or a combination of both. During entry and storage of water, such as storm
water, the lateral and longitudinal aligned channels allow relatively unconstrained water flow
within the assembly. An assembly also may be sloped such that a portion of the assembly having
an inlet port is located at a slightly higher elevation, while a portion of the assembly having an
outlet port is located at a lower elevation. This configuration will assist the tendency of the
water to flow under the influence of gravity.

[0088] In another aspect of the disclosure, the method may include the step of installing a
plurality of modules within the ground at a depth that will leave the top surface of at least one of
the deck portions exposed, or at a depth at which none of the top surfaces of the deck portions

will be exposed. A further installation may be achieved by installing at a relatively greater depth



- 25 - We Claim: 1. A module for use in an assembly for managing the flow of water beneath a
ground surface, the module comprising: at least two supports which are spaced apart from each other;
a deck portiBPRAVIGEAESt and second ends and first and second sides, theR{SKPOMEAHIing a main
section located on top of the supports and having a first section extending from the main section,
wherein the first section is cantilevered; at leas€tne of the supports having at least one leg section
being located inward from the nearest lateral side of the deck portion; and an interior channel

Iocatedirli) nea}cr)lutth an%l%in 51%%5'1?{‘ %?gngg&fé%enq etlplemsxp & é‘l?&’tp&o&ﬁereb 4hd H&@Bgﬂlgrpf claim

1 wher&in &t feast one osftt?le supports comprises a sﬁ?etswaliﬁg)fril Y
now forms a floor and the U-shape is upwardly depending, and then placing a second plurality of
corresponding modules in an upright configuration, having the U-shape downwardly depending
and being stacked atop the inverted modules. Lateral and longitudinal channels may be aligned
to ensure relatively uninterrupted fluid communication through the assembly. Alternatively, a
first set of modules may be placed in an upright manner forming a first level, and then a second
set of modules may be placed atop the first level so as to form an upper second level of modules.
[0089] From the foregoing discussion, it will be appreciated that various examples have been
disclosed that possess or permit various applications or configurations of assemblies for the
management of water beneath a ground surface. While the underground modular assemblies
herein disclosed constitute preferred example configurations, it is understood that the disclosure
is not limited to these precise example modules for forming underground channels and that
changes may be made therein. For example, the openings which define the longitudinal and
lateral channels may have several geometric shapes other than those illustrated. It also is
realized that many other geometric configurations for modular assemblies are possible.

Moreover, it will be understood that one need not enjoy all of the potential advantages disclosed

herein to practice the presently claimed subject matter.



3. The module of claim 1 wherein the deck portion is integrally formed with the supports thereof. 4.
The module of claim 1 wherein the deck portion further comprises a second cantilevered section
extending from the main section opposite the first cantilevered section. 5.The module of claim 1
wherein at least one of the supports includes two spaced - 26 - between the spaced apart legs of said
support, the cross channel being in fluid communication with the interior channel of the respective
module. 6. The module of claim 5 wherein each cross channel extends upwardly from a bottom
surface &Iva §’Jp ort to allow relatively unconstrained flow of water when present therein. 7. The
module of ¢l wherein the at least two supports are spaced inward from the ends of the deck
portion so that the ends of the deck portion are cantilevered beyond the supports, and wherein the

module includeg outer i3S, G0AADEl.IoF ARG e AR IRS RORSS WP S8heatn o

ground surface, the module comprising:

at least two supports which are spaced apart from each other;

a deck portion having first and second ends and first and second sides, the deck portion
having a main section located on top of the supports and having a first section extending from
the main section, wherein the first section is cantilevered;

at least one of the supports having at least one leg section being located inward from the
nearest lateral side of the deck portion; and

an interior channel located beneath the main section and between the spaced-apart

supports.
2. The module of claim 1 wherein at least one of the supports comprises a side wall.
3. The module of claim 1 wherein the deck portion is integrally formed with the

supports thereof.

4. The module of claim 1 wherein the deck portion further comprises a second

cantilevered section extending from the main section opposite the first cantilevered section.

5. The module of claim 1 wherein at least one of the supports includes two spaced

apart legs downwardly dependent from a support, and including a cross channel extending



8. The module of claim 1 further comprising a gusset extending from at least one of the supports, the
gusset being positioned to support a corresponding cantilevered section.. 9. The module of claim 1
wherein at least one of the supports is supported on a concrete pad, an impermeable floor, or an
integral footing. 10. An assembly for managing the flow of water beneath a ground surface
comprising: a plurality of modules, each havinga-deck portion, each deck portion having a main
section, first and second ends, and first and second sides; each module further comprising at least two

t tf h K porti f at least fth
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cantilevere t?\ 'the interior channel of the res

pective module.

6. The module of claim 5 wherein each cross channel extends upwardly from a

bottom surface of a support to allow relatively unconstrained flow of water when present therein.

7. The module of claim 1 wherein the at least two supports are spaced inward from
the ends of the deck portion so that the ends of the deck portion are cantilevered beyond the
supports, and wherein the module includes outer cross channels located beneath the cantilevered

ends of the deck.

8. The module of claim 1 further comprising a gusset extending from at least one of

the supports, the gusset being positioned to support a corresponding cantilevered section..

9. The module of claim 1 wherein at least one of the supports is supported on a

concrete pad, an impermeable floor, or an integral footing.

10.  An assembly for managing the flow of water beneath a ground surface
comprising:

a plurality of modules, each having a deck portion, each deck portion having a main
section, first and second ends, and first and second sides;

each module further comprising at least two supports spaced apart from each other



wherein, in said at least one module, at least one of the supports is located inward from the nearest
side of the deck portion; and a plurality of interior channels located beneath the main sections and
between the spaced-apart supports of respective modules. 11. The assembly of claim 10 wherein
the plurality of modules are supported on a concrete pad, an impermeable floor, or includes an integral
footing. 12. The assembly of claim 10 wherein t7e deck portion of the at least one module is
integrally formed with the supports of the respective module. 13. The assembly of claim 10 wherein

the deck porti f at least dule furth ' d til d secti di
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the nearest side of the deck portion; and

a plurality of interior channels located beneath the main sections and between the spaced-

apart supports of respective modules.

11.  The assembly of claim 10 wherein the plurality of modules are supported on a

concrete pad, an impermeable floor, or includes an integral footing.

12.  The assembly of claim 10 wherein the deck portion of the at least one module is

integrally formed with the supports of the respective module.

13.  The assembly of claim 10 wherein the deck portion of at least one module further
comprises a second cantilevered section extending from the main section opposite the first

cantilevered section.

14.  The assembly of claim 10 wherein at least one of the supports includes two
spaced apart leg sections downwardly dependent from a support, and including a cross channel
extending between the spaced apart legs of said support, the cross channel being in fluid

communication with the interior channel of the respective module.



15. The assembly of claim 14 wherein each cross channel extends upwardly from a bottom surface of
a support to allow relatively unconstrained flow of water when present therein. 16. The assembly
of claim 11 wherein the integral footing underlies at least one support of an adjacent module 17. The
assembly of claim 10 further including at least one side module comprising: a deck portion having a
main section, first and second ends, and first and-sscond sides; at least two supports disposed
below the deck portion, the supports being spaced apart; and an interior channel located beneath the

deck main section and_petween the spaced- apart supports. 8. The assembly of claim 17

wherein the dedg portb GFEBA I RS HA BV ek Sor i T RLBHETES HRREBY oM e

assembl?ﬁ10 Lclaim 17 fu(éther inclutc(i)in Il which exten the deck portion so that the
a

f
orior e e oS AL R Bl ol ST e e et

16.  The assembly of claim 11 wherein the integral footing underlies at least one

support of an adjacent module

17.  The assembly of claim 10 further including at least one side module comprising:

a deck portion having a main section, first and second ends, and first and second
sides;

at least two supports disposed below the deck portion, the supports being spaced
apart; and

an interior channel located beneath the deck main section and between the spaced-

apart supports.

18.  The assembly of claim 17 wherein the deck portion of each module is integrally

formed with the supports thereof.

19.  The assembly of claim 17 further including an end wall which extends from the

deck portion so that the interior channel of the respective module is closed on one end.

20.  The assembly of claim 17 wherein the at least one side module is supported on an

impermeable floor.



20. The assembly of claim 17 wherein the at least one side module is supported on an impermeable
floor. - 29 - 21. The assembly of claim 10 wherein the each deck portion of each modules is
located adjacent to a deck portion of another module in the assembly or a linking slab wherein the
assembly includes an outer channel parallel to the interior channel of the module and located beneath
the cantilevered deck section; and wherein the outes channel is in fluid communication an interior
channel. 22. An assembly for managing the flow of water beneath a ground surface comprising:

a plurality of consecutively-arranged first modules comprising precast concrete, each first module
having a deck portion, each deck portion having first and second ends and first and second sides,
ggggoie’ck portlgf mChI]Héna%s% n%"i‘;'/”o?%%ﬁ‘r%%”d a cantilevered section extending from the main

wherein the each deck portion of each modules is located adjacent to a deck portion of
another module in the assembly or a linking slab wherein the assembly includes an outer channel

parallel to the interior channel of the module and located beneath the cantilevered deck section;

and

wherein the outer channel is in fluid communication an interior channel.

22.  An assembly for managing the flow of water beneath a ground surface
comprising:

a plurality of consecutively-arranged first modules comprising precast concrete, each first
module having a deck portion, each deck portion having first and second ends and first and
second sides, each deck portion including a main section and a cantilevered section extending
from the main section,

each first module including at least two, spaced-apart, downward-depending supports, at
least one of which is located inward from a side edge of the deck portion from which it depends
so that the cantilevered section extends beyond the support;

a plurality of interior channels within the plurality of first modules, each interior channel
extending longitudinally beneath corresponding deck portion main sections and extending
between the at least two spaced-apart supports;

a plurality of cross channels within the plurality of first modules, each cross channel
being located beneath corresponding deck portions, each cross channel extending laterally from

one side of a deck portion of the corresponding module; and



each first module including at least two, spaced-apart, downward-depending supports, at least one of
which is located inward from a side edge of the deck portion from which it depends so that the
cantilevered section extends beyond the support; a plurality of interior channels within the plurality
of first modules, each interior channel extending longitudinally beneath corresponding deck portion
main sections and extending between the at least B9e spaced-apart supports; a plurality of cross
channels within the plurality of first modules, each cross channel being located beneath corresponding

deck portions, h cr: [ ding laterally f ide, of k parti fth
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The assé’H{BW Ty ?ngu?ﬁ%?ri &la gg ﬁra(fla&' FSic Pﬁ%%ﬁ‘é‘s comprising precast concrete,

each side module including a main deck section, at least one side wall, end wall, or both a side wall
and an end wall depending downwardly from the main deck section, each side module including an

interior channebeneath the Al deck &E UM ner Ridt Eﬂ@% b *ﬂycﬂf %%imo]a%l@é}f‘dﬁ 3pge of the
modules are located in a? Irst Ievgl and some o{ theer mogule jﬁm %‘c ted Sin a second evgl}br&@)p of the
first level,paodylgshcrete, each side module including a main deck section, at least one side wall, end

wall, or both a side wall and an end wall depending downwardly from the main deck section,

each side module including an interior channel beneath the main deck section.

24.  The assembly of claim 10 wherein some of the modules are located in a first level

and some of the modules are located in a second level on top of the first level modules.

25.  The assembly of claim 22 wherein some of the modules are located in a first level

and some of the modules are located in a second level on top of the first level modules.

26.  The assembly of claim 25 wherein modules of the first level are in an inverted
position, and modules of the second level are in a non-inverted position, and wherein bottom

surfaces of the supports of the inverted and non-inverted modules are aligned.

27.  The assembly of claim 26 wherein the bottom surfaces of at least some of the
supports include an offset portion which is displaced vertically such that the bottom surfaces of

the inverted and non-inverted modules engage one another.



25. The assembly of claim 22 wherein some of the modules are located in a first level and some of the
modules are located in a second level on top of the first level modules. 26. The assembly of claim
25 wherein modules of the first level are in an inverted position, and modules of the second level are in
a non-inverted position, and wherein bottom surfaces of the supports of the inverted and non-inverted
modules are aligned. 27. The assembly of clairg26 wherein the bottom surfaces of at least some
of the supports include an offset portion which is displaced vertically such that the bottom surfaces of
the inverted and non- mverte engag e another 28. The module of claim 1
further moucing TowE e HESEL R B iH o SAEGH® Pl ey BRHENon e g
assembl¥ f claim 10 f her |r} luding a lower support section extending between a pair of leg
sections. We%a%é asggr%elgy O claim 22 further including a lower support section extending
between a pair of leg sections.

29.  The assembly of claim 10 further including a lower support section extending

between a pair of leg sections.

30.  The assembly of claim 22 further including a lower support section extending

between a pair of leg sections.



