Bl ORETENTI ON SYSTEM AND METHOD CROSS REFERENCE TO
RELATED APPLI CATI ONS [ 001] This application clains the
whemwefizuoeof U. S. Provisional Patent Applicati orCT3E81089/040844
No. 61/045,506, filed April 16, 2008, titled
"Bl ORETENTI ON SYSTEM AND METHOD, " and al so Serial No.
61/ 149, 175, filed February 2, 2009. The entire
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The invention also relates to improved media for long-term phosphorus retention in bioretention
systems and an improved outlet for promoting nitrogen retention.
[003] Bioretention systems often include a basin to contain the effluent to be treated.
The bottom of the basin is commonly composed of a porous media that is planted with
vegetation. As the effluent passes through the bioretention system, particulate pollutants are
removed by filtration. Dissolved phosphorus can be removed from the effluent by biological
processes of the system such as vegetative and microbial biomass uptake, as well as chemical
adsorption/precipitation processes (herein referred to under the category of sorption), which are
effected by properties of the media. Dissolved nitrogen can also be removed from the effluent
by vegetative and microbial biomass uptake, as well as biological transformations, including

denitrification, that eventually convert nitrogen into nitrogen gas.



denitrification, that eventually convert nitrogen into
nitrogen gas.[004] Bioretention systens have been
woelowaneved as bei ng cost-effective ef fluent nRCEYM09040844
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SUMMARY OF THE INVENTION

[006] A bioretention system and method are provided for removing phosphorus and
nitrogen from effluent such as wastewater and stormwater. The system and method can include
a filtration media having a coarse-textured matrix of preferably well graded sand with a low
uniformity coefficient, blended with organic material resistant to decomposition, such as peat
moss, blended together with a fine fraction of clay-like material amendment having a high
phosphorous sorption capacity. The coarse matrix fraction can vary from about 50 to 80% by
volume. The organic material can vary from about 10 to 20% by volume, and the fine fraction
amendment can vary from about 10% to 40% by volume. The coarse fraction component can
include materials crushed to sand particle gradation, preferably U.S. Golf Association (USGA)

root zone gradation of which at least 60% is between a diameter of 1/25 inch and 1/100 inch, no



include materials crushed to sand particle gradation,
preferably U S. Golf Association (USGA) root zone
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[008] The system can further include grasses, trees, bushes and/or or shrubs provided in
an amount sufficient to improve biological uptake and transformations, as well as media
infiltration properties.

[009] The system can also provide the media, stone and outlet system within a unitary
structure. The system can further include a tree, bush or shrub and/or grasses. These should be
in sufficient amounts to improve the filtration properties and/or prevent surface erosion.
Preferably, a grate is provided above the media to protect the media from the weight of persons,
animals and objects passing above it. The grate preferably includes one or more apertures to

permit water to enter and gases to escape.



Preferably, a grate is provided above the nedia to

protect the nedia fromthe wei ght of persons, aninals
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i ncludes one or nore apertures to pernmt water to

enter and gases to escape.[0010] O her objects and

features of the present invention vvi Il becone appar ent
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embodiment of the invention;

[0013] FIG. 2 is a front sectional view of an outlet system in accordance with an
embodiment of the invention;

[0014] FIG. 3 is a front sectional view of a bioretention system in accordance with an
embodiment of the invention;

[0015] FIG. 4 is a front sectional view of an outlet system in accordance with an
embodiment of the invention; and

[0016] FIG. 5 shows in 5(a) and 5(b) nitrogen concentration reduction due to vegetation
by systems in accordance with embodiments of the invention.

[0017] FIG. 6 shows in 5(a) and 5(b) nitrogen concentration reduction due to restricted
outlets by systems in accordance with embodiments of the invention.

[0018] FIG. 7 shows in 7(a), 7(b) phosphorus concentration reduction by krasnozem

systems in accordance with embodiments of the invention.



[0017] FIG 6 shows in 5(a) and 5(b) nitrogen

concentration reduction due to restricted outlets by
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invention. [0018] FIG 7 shows in 7(a), 7(b)

phosphorus concentration reducti on by krasnozem

systens in accordance wth enbodi nents of the
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invention is directed to a bioretention system and
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media cephrsea omirse-ex fura@onator of areferably vallbgraddsoand 50thtado8Qiformity
by vol une. The organic material can vary from about 10
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neutralized residue sand from bauxite processing,
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gradation, preferably U.S. Golf Association (USGA) root zone gradation of which at least 60% is
between a diameter of 1/25 inch and 1/100 inch, no more than 10% should be greater than 1/25
inch. No more than 5% should be less than 1/500 inch for most expected applications.

Examples of preferable materials include crushed limestone, iron-coated sand, neutralized
residue sand from bauxite processing, crushed brick, etc. The organic component can include
coir (coconut husk), peat or peat moss.

[0022] Preferred filtration media, included, for example as a fine material amendment,
can include aluminum- or iron-based water treatment residuals (WTRs), seawater neutralized red
mud byproduct from processing bauxite into aluminum, red gypsum byproduct from processing

rutile into titanium, or iron and aluminum rich native soils. All of these materials are



coir (coconut husk), peat or peat nobss. [0022]
Preferred filtration nedia, included, for exanple as a
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i ron-based water treatnent residuals (WRs), seawater
neutralized red nud byproduct from processing bauxite
into alum num red gypsum byproduct from processing
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havi ng a very | ow phosphorus saturation index (PSI),
represeptiglhphasphesuk porplaeruepasipr esent hi gh phosphor us

sorption capacity. [0023] Water Treatnent Residuals
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pl ants and can include the material both in its fresh

treatmeff pla@eand dnihcllbethrgrRdedQbaH 6 iRIfRkE bf &etdf form MHRYaged form is
appl i cations. They can include the residues resulting
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clay, ortgq?téé ﬁ{ag%@d anchg §Sgi¥§l&§et§]§? t:l?g%?rg{ltp}lgls g%hgglrp%/llgln\ger%?lg textured and

hydr ophobi ¢ aggregates. After a period of exposure to
are verymsaistaat foragy, drying WiRRSTdskc Ormee s thelyfpmm puttlgeghesive hydrophobic
hydr ophobi ¢ and easier to blend. [0024] Iron sulfate
aggregaysneXfedrapetiod of typdsurtces WERS cffife D7 (VRS Hdc @@} 1dsh brihiecind
t he adsorption processes require acidic conditions; so

hydrophdbec SrdSQkRE iolekppabi lities of ferric WIR are nuch
nore pronounced in acidic soils. The effect of
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can be added.to itio

line Qi ls i mﬁ}ch t he %%_ of.
adsorpiog T R S LS SO0 Bl -GRSoN e R o fgric WTR
application_can increase Padsorption and retention in
much moyigproapurced itjagdic|sqils. | Bozdfeche dEEF GRS SArtancs as great at a pH
dom nated by extensive proportions of alum num
below 6.0, compared to alkaline soils above pH 8.0. Calcitic lime can be added to soils in which
the addition of ferric WTR results in a pH below 6.0. Ferrihydrite application can increase P-
adsorption and retention in typical field soils.
[0025] Alum-based WTRs are dominated by extensive proportions of aluminum
hydroxides, often exceeding 25%, of which a substantial proportion is in the most effective
amorphous form. There can also be considerable quantities of iron compounds as well as minor
proportions of calcium, magnesium and other elements. The PSI of alum-based WTRs can vary
from 0.37 to 6.34, with a mean of 2.10. Functioning effectively at neutral pH, alum-based WTRs

can be effective in reducing the interstitial dissolved P concentrations in highly P-enriched soils.

A 6% application can significantly reduce dissolved P concentrations below the threshold for P



hydr oxi des, often exceedi ng 25% of which a

substantial proportion is in the nost effective
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quantities of iron conpounds as well as m nor

proportions of calcium magnesium and ot her el ements.

The PSI of alum based WIRs can vary fromO0.37 to 6. 34,

10.. Func ni n ffective at :
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reducing the interstitial dissolved P concentrations
losses sjgnifiigagHy gndpinepipye fisepleest B ectengiog dy apgarpratinofu@apsed WTRs into
significantly reduce dissolved P concentrations bel ow
soils. Indreasity asdrphalisfabumiBdes@nfEnt onsubsfrayés caatbesoutlawdiiRvith lower
applications to P enriched soils can reduce runoff
dissolvéll B s@lcéadatdnkosses significantly and inprove dissol ved
P retention by incorporating alumbased WIRs into
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val ues can increase to about 9.68 g/kg. Equilibrated

value cgmpincrsipse tdapeut 22Heg/paan ard¢red r@@@nitugﬁcgre@ts@th@@ theboigiel value. Most
22.9 g/ kg, an order of magnitude greater than the
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within the first two days, dermonstrating the effect of
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about 10% of the adsorbed P can be desor bed,

TR a1 I i gfﬁ rocesses are
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mul tiple wet dry cycles accel erates internal diffusion
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It has been determined that WIRs are very effective in
diffusioh@d &dcatiow Whes el iffeay€bly bound.
[0028] It has been determined that WTRs are very effective in retaining dissolved P even
after extensive amounts of P have been sorbed. Dissolved P concentrations of water passing
through the WTRs remain very low even after sorbing amounts that would result in high
dissolved P concentrations from other materials typically used in bioretention media.
[0029] Red mud is a by-product of refining bauxite into aluminum. In the Bayer process,

caustic sodium is added to dissolve the alumina from the crystalline mineral matrix under high

temperature and pressure. The resulting solution is then separated and clarified, after which it is



after extensive amounts of P have been sorbed.
Di ssol ved P concentrations of water passing through
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that would result in high dissolved P concentrations
fromother materials typically used in bioretention
medi a. [0029] Red nmud is a by-product of refining
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stalline mneral matrix under high tenperature and
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clarified, after which it iscalcined to separate the
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the finer fraction of the original bauxite left after
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ext ensi ve proportions of secondary mnerals. The
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3) and boehmte (g-AlOCH) are also very abundant in
red mudrpEhe prepontigas offmeorph@ysoran and slumhinamoepgroliemiabowt (alido to about
al um num range from about 0.05%to about 022% and

022%, alaibbutd). 98%td abal G128 r&dYstiveds PR ¢ val e cohkide@bauabiétics of
consi derabl e quantities of calcite (CaQ, but this can

calcite (CRIY, Wit 8k ¥an V3§ Wi88 sirﬁmesmanfr%ﬁmafp Al SincRAb Y88z, zircon
quartz, zircon and ilmenite (Ti and conprise a

of
and 11m51§kea¢f‘ (gf%}Yd % Ise @an a{él{t]) glg\%ll ?n‘rb%g{rj[%a n‘%%%g Iﬁ%‘;ht ahb%éf 6 to about
als r adi onucl i de nost _ of h are in v
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red muds_can differ considerably in ternms of ) )
very stapjonfeFrs- o ProadingameB $ha SogFce and dresesse Fedand grntdiiderogppderably in
deposit. Therefore, the mneral conposition of red nud
terms ofumlinerab gimglscowmoyitiof.00d offen Rethimihd samre depasity ThEfedat the mineral
in retaining dissolved P even after extensive anounts
composition of red mud will always vary.
[0031] Red muds are very effective in retaining dissolved P even after extensive amounts
of P have been sorbed. Dissolved P concentrations of water passing through the red muds remain
very low even after sorbing amounts that would result in high dissolved P concentrations from
other materials typically used in bioretention media.
[0032] Iron and aluminum rich mineral soils such as Krasnozem soils derived from basalt
are also very effective in retaining phosphorus. Compared to most soils, these soils contain a

high proportion of amorphous aluminum and iron. Krasnozem soils are known for retaining

phosphorus.
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alumnumrich mneral soils such as Krasnozem soil s

00391 B o S8R Y SRR P LS et oxensiv
soils contain a high proportion of anDrPhous,aIuninum
amountg AfP hpunbecrsadbedAdinsadvid B ceficantiaiiong of wiater aesging thigugh the red
phosphorus. [ 0033] Krasnozem soils are very effective
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of P have been sorbed. Dissolved P concentrations of
concenti@iodk fpassth&GmatBri gy gfpiddie usedlinBicistonaminedisery | ow
even after sorbing amounts that would result in high
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take up nitrogen directly, they rel ease carbon
into thegotpydueitis contumedey misrabialacanty which sewalsel tay upringragsnags well as
activity which can also take up nitrogen, as well as
transforintiag) sdro¢ of thg nEorgen afto hitegon i geich iRt ast fiota thg eyst@as These N
which is lost fromthe system These N renoval .
removaPproe&3&ECare ?f&n&é@?’!&%a@é& ih RGERFHEEME nd Qhahd @Bnditivw.
and saturated conditions. [0035] Systems and methods
[0035]! N ac gg&&ﬂg &k Me@&gg% ﬁeargh&}‘i%e'vﬁ;h ﬁ% AR iGn b{hcehk‘djﬁmﬁ'lde

dr ai nage system refterab as an outlet contro

B T s P—_

the |ayers of filtratigon nmedia in response to changes .
control ¢{eniog ting sefugion apd syaceipesdiag everitheryersiod fidfraijondpedia in
system can include an outlet system having a | ower
responso i tlengesinpngika axt wndiropertgwarcd tifneo bt ldeaihagesy stomtdartinclude an
and an upper
outlet system having a lower outlet, a pipe extending upward from the lower outlet, and an upper
outlet connected to an upper end of the pipe. The outlets preferably extend residence time for
improved nitrogen removal in the small water treatment events, which comprise the majority of
annual runoff volumes. These outlets preferably also permit high flows to pass through the
media in larger water treatment events, thus permitting the systems to treat even substantial
events with minimal bypass flow left untreated. Controlling flow through the drainage system
can also affect phosphorus removal.

[0036] The system can also provide the media, stone and outlet system within a unitary

structure. The system can further including a tree, bush or shrub, as well as grasses. Preferably,



outl et connected to an upper end of the pipe. The

outlets preferably extend residence tine for inproved
wozaopazmEs renoval in the small wat er treat nent PEW/ER1089/040844

whi ch conprise the majority of annual runoff vol unes.

These outlets preferably also permt high flows to

pass through the nedia in |larger water treatnent

a grate lg\é)gg\%@ﬁ’:ﬂ z%b&lxjig gg’g{}? g\%ﬂl ]?%teltq,{] ﬁ]]es Sdtl e{{%@é@e {ev’rae ﬁ)tg%/el?snons, animals and
~ untreated. Controlling flow through the drai nage )
objects pgssingrabesnitalge geate Er@?erﬁﬂb Hishusten en¢ @IHQLE APCTtGS ] PerAet water to
system can al so provi de the nedia, stone and outl et
enter amslyssi@nowsdapen a unitary structure. The system can
further including a tree, bush or shrub, as well as

[0037] Or assesrtailpedfefrebénbadigent of the RéRM idechtaaviel dokebe described
nmedia to protect the nmedia fromthe wei ght of persons,

with rei%fgn?@{osth@ Bfia_v&ggg.;se R FeRAs 3b PEGRDQY & BibretchBiBn Wabdr Greatment system
preferably 1 nclTudes oné or nore apertures to permt
ter t.o .enter an ases. to cape...] 0037 rtaln
100 cond e Sy e AR SRt R PEE S RO LR e 100
ow be described with reference to the draw ngs. .
preferalphynsiyen § 105t T madta 5. arelersbly dpsiienid v A CBIRRT s rophich i
system 100 can be placed within, preferably in contact
preferably hoverp gsnsleyerg, praderably comiprising uggerdean 3to0espriaf eirdgidrgin 9 is
i ncludes a |ayer of nedia 5, preferably positioned
preferalalh pustianahoitiein uhdgrdraigtstomdiagér 3. SA ok t@c@nymabdalesugh as a layer
stone layer 3, preferably conprising underdrain

of draindf® E&ﬁextﬂQ UABE BcRIdBd B ]ibréveﬁft 8hieN abtryurdds the QP& from migrating
w thin underdrain stone layer 3. A soil retention

hnonwgggﬁ%%ﬁgﬁggy§gsgﬁeﬁlepger of drainage geotextile 2 can

revent soil 1 surrounding the system

frommgrating into nmedia 5 and, underdrai n stone | ayer

100381 5 TR Skndowth R Rbo G e A St ek S PifeeoR e o
invention, nmedia 5 can conprise a coarse matrix, also

coarse affixy plaqirafeyregsto as @ sanse frpetion: ilbean alfo ORMPTEE 46 OBIRTSTGogonent,
an organi c conponent, also referred to as an organic

also refémrerttoiasan okdsaiafr&ctioan MddsnS carcdlsmimctudn éinpatageriahbhmendments that
amendnent s t hat

preferably have a high phosphorus sorption capacity. Preferably, media 5 includes about 50% to

about 80% by volume of the coarse fraction component, about 10% to about 20% by volume of
the organic component, and about 10% to about 40% by volume of the fine material amendment
component. The organic and fine amendments may be provided to improve soil conditions. For
example, they can improve soil water retention and add trace element micronutrients. The coarse
fraction, organic fraction and fine amendment materials can be blended with a screening plant or
other mechanical device.

[0039] The coarse fraction can include turf grade sand with a low uniformity coefficient,

which preferably promotes infiltration. Other preferred examples of the coarse fraction include
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preferably have a hi gh phosphorus sorption capacity.

Preferably, nedia 5 includes about 50%to about 80% by
waloane4od t he coarse fracti on conponent, abouPCT/0S2009040844

about 20% by vol unme of the organic conmponent, and

about 10% to about 40% by vol une of the fine material

anendnent conponent. The organic and fine anendnents

d to i.nprove.soil conditions.
any or it B rabU G Rar R RGv BOP R uPan b osisd sakserived
trace elenent m cronutrients. The coarse fraction,
from arggsqyith bigh irgecpBientapentralined msidhe s rorm Dawiite Foeeapinsend/or
bl ended with a screening plant or other nechanica
crusheddewckce. [0039] The coarse fraction can include turf
grade sand with a low uniformty coefficient, which

[0040] pr ef eTAbbisaRic@RIpBAert PidftrabBtih€lides@olttodonef IaIsk pplat, which
exanpl es of the coarse fraction includeany or all of,

prefera% t@ite dob ik FBELSQR adc‘ﬁﬁ@ﬁj tPBE I Ylggl \gr{)lﬂm GhY=ARsk. Other preferred

nmestone, iron- coate sand derived fromareas wt
ron._content residue S@ nd f
exampl%sa(ﬁ‘q ? %rgsmg chmglmrl]égn,t 1n lIl 0w1tﬁ?1g[ lﬁm oat]lgr 1 pceig 4 ?mlﬁ% aged wood
C co ent prefer bly includes coir (cocon
chips afh{@kf}il edﬁesﬁ%fpefF FLY- ithfcprgaric SoqiPiomossvater retention
addltlon to the finely ground crushed husk. O her
and impypefsaniilogtienatgsl es of the organi ¢ conponent incl ude,
without limtation, peat npss. Conpost, aged wood

[0041] chi psTha fnentlachiabamaningins proffieralply escindes alPnaéeal alpdt yas & hgh
organic fraction pronotes water retention and i nproves

phosphrib héx{oflé\ﬂ tActphRPhigh QR4idc siPRct bRE (iRf8E iodlol @B AR NA

preferablyincludes a material that has a high

preferre‘&hé‘%ﬁﬁp%rdﬁhéﬁﬁ{ﬁlh FiRRRG utn¥ b?s'%ﬂ K?Hté}'l?e%{?ﬁe‘}f és'i?du%}‘{\{l‘i‘gﬁ, which

surface une rat erre exa
n al.u S er .treat

can be 4 WEHADERALCW S T frﬁﬁalgﬂt el mﬁﬂleaé%% AR BP0 (ypelum-based

wat er treatnent |ndust;%. It has been determ ned that
WTRs peferin seHinwr (s rofie pes a1y ocRlivsphaies anplied ebstrmpvaer 95%

of phosphorus applied at stornmater
concentrations, even after nearly a decade of stormwater loads when typical sandy loam systems
have become ineffective. Other preferred examples of the fine materials include, without
limitation, iron-based WTRs and/or limestone-based WTRs.
[0042] Another example of the preferred fine material includes red mud, a fine clay-sized
material remaining after extracting aluminum from bauxite ores. Because it can be highly
alkaline, it is preferably neutralized to reduce its alkalinity. Seawater neutralized red mud by
product from processing bauxite into aluminum can be effective. It has been determined that

media with red mud can retain over 85% of phosphorus applied at stormwater concentrations,

even after well over a decade’s worth of stormwater loads.
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concentrations, even after nearly a decade of

st ormnat er | oads when typical sandy | oam systens have
whewoneddhef f ecti ve. Qther preferred exanpl es BPET/UR®09/040844

fine materials include, without limtation, iron-based

WRs and/or |inmestone-based WIRs. [0042] Anot her

exanple of the preferred fine material includes red

[0043] gy ragrPﬁSe%f?amﬁf% § PB4t b BRI 5 By, 3 fine clay-

be highly alkaline, it is preferably neutralized to
sized mpiggakisMan#lxIck RGP tsaratTEMM FEE prebi Red eyRsamhiag bisgn
product from processing bauxite into alum num can be
demonsgfifed ¢ hanee. a vdry hath dibeity etermphsphdrhsigppiediatstodntwatere d
mud can retain over 85% of phosphorus applied at
concentsdthgwat er concentrations, even after well over a
decade's worth of stormwater | oads.[0043] Another

[0044] exanpA‘ﬁoﬁ’ifer {:}&‘ﬁlp@{ &f e rf‘ﬁg rdat Ml ﬂﬁhﬁfeb ﬁétlx}erb% 18! gﬁﬁlcﬁlﬁﬁjly those that

Um a fine'c aysi zed material remalni ng

are hlglblél euﬁon Ig}g Hntufaug%uc? {eH’P \Té Egst l%/elgrel 916{? Hleg??ait %I}/e i mth RFasnozem
retain phosphorus . ap a tornmate
soils highy{n sy q%gfq e Tt aerwﬂr ﬁﬁw S@wgﬁsp%p@hs@ at PRIy Ay

material includes native soils, particularly those
concentrdimns gven dfeghvérn dacede efrithrorwaggripadsum content. It has

been determ ned that nedia wth Krasnozem soils high
[0045] 1 n i r @he Gaatmatdriateam besdqablly proportidied bétwplothp Hokusaterials and

applied at stormnater concentrations even after over a

coarser A8 Bicahavadier Ak aadsnc h&f4atesThe cbhle raphest aa becorne

can be equally proportioned between the fine materia

diSpefS%pégfog’?(gﬁg%ﬁ{or ﬁ%tgrgﬁ)tnec%p %’m%@@ts%ﬁ{s%ﬁur &S the fi ne

coar se nts - may becone di spersed,

100461 P v B Ao BBAE ich S E0bh GkEECCIR: i S HR g bifbared by

the invention, |and can be pre pared by excavation
excavatiigmgfor filling toqt depthasidideient te place ailater ot Bedip Acwdampergein stone 3,
of media 5 and underdrain stone 3,
while allowing for storage of effluent in surface ponding when inflow rates exceed the

infiltration rate of the media. Preferably, geotextile 2 retains media 5 and underdrain stone 3 and
divides media 5 and underdrain stone 3 from the soil 1 on one side of geotextile 2 and the soil 1
on the other side of geotextile 2. The geotextile material is preferably porous to permit media 5
and stone layer 3 to drain into the soil. In settings where both total nitrogen (TN) loads and the
infiltration rate of the native soils are high, the geotextile can be made substantially impermeable
so as to prevent the exfiltration of nitrogen into the groundwater.

[0047] The stone layer is preferably at least five inches, more preferably over about six
inches deep. It preferably comprises an aggregate, preferably an open-graded No. 4 crushed

aggregate, wherein the median diameter is about 1.0 (or about 0.8 to about 1.2) inches. The
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while allowing for storage of effluent in surface

pondi ng when inflow rates exceed the infiltration rate
wotowhzo4oedi a. Preferably, geotextile 2 retai NnBCTES089/640844

and underdrain stone 3 and divides nedia 5 and

underdrain stone 3 fromthe soil 1 on one side of

geotextile 2 and the soil 1 on the other side of

eot ext i 2. . The geotexti]e terial is preferab
sgereeio Pt R BRI TG ATS eyt taen hyiane BUBERRG ot can
into the soil. In settings where both total nitrogen
accumufatpluningaihis crishingpeogent. | Chakst layer 4 eanebegrbophiavaiaghasdo about four
soils are high, the geotextile can be nade
inches, puthgblalpithraé Inchesgrep med btofersblyadsotinclpdesearizgtelgateembre preferably a
[tration of nitrogen into the groundwater. [0047] The

No. 89 slidegbatyete witerdih efcanadihy d@inete @sdbolit ¥.25 (HYIBBES 02785 £bout 0.3)
preferably over about six inches deep. It preferably

inches. G AEeRlle PAAGFOT THLPLE AR tacTabEN cHLRARS fhm int

or about 0.8 to about 1.2) inches.

e is preferably washed, nore preferably
with water, to rinse out the fines that can accunul ate

[0048] qur i ngrefeablyr wedirngs btrls%%g‘gqutéﬁ S fogheopt 36 @& hesparelorably about

~ about two inches to about four inches, preferab

18 inchesdase. Imatsasoidweperdrattdmheshoaid lpads, the mevsd defls azghamendment
aggregate, nore preferably a No. 89 m xed aggregate

proportivheneba irdnesoei povide atvetd sorplicen edpacity. To2bilige moddmadia 5 for better
0.2 to about 0.3) inches. Such an aggregate preferably

treatmeh@$riorinah @S thel d¥hihl Thd ABJiACEH B iRFea®dd eﬂ@ﬂ% fhe RiddQWMicferably to the
into underdrain stone |layer 3. [0048] Preterably,

i j | east about 15 inches to about 36
dethof B g}

. P rably about 18 inches deep. In areas of

concentrated p hor u oads, the dia depth and
[0049] e EP s E BRbEd af B ing BE s & #eBtRad Wi an
sorption capacity. To utilize nore nedia 5 for_ better
embodlmeégqfrfh% invrtiqrow itebrcdescrippd heegin hUpen preparigithg sita by pecavation
i ncreased along the sides, preferably to the depth of
and filling pgeo&dx tifpoh cimlge [@aced00ddh therexexautqsl subgifade helimetubstdntodflly all of
installing the systemin accordance wth an
the exposed surface of the prepared area. Therefore geotextile 2 can provide a base and walls

undelrdlm?.ﬁlgsgo:]ngr ) Oeal{§3

extending upward from the base. Part of stone layer 3 can be positioned on this base.
Underdrain 9 can be installed within stone layer 3. Choker layer 4 can be placed over underdrain
stone layer 3 with underdrain 9 within stone layer 3. Subsequently, media 5 can be placed over
choker layer 4, preferably without using wheeled or tracked equipment that would compress it.
Media 5 is preferably permitted to settle about 15% to about 25%, preferably about 20%, until
media 5 has the desired depth. Media 5 is preferably wetted by enough rainfall or irrigation to
induce settlement of at least about 10% to about 15%, preferably about 15% before planting of

one or more of a plant material 7.
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enbodi nent of the invention will be described herein.

Upon preparing the site by excavation and filling,
wQ@ewvaxddd e 2 can be placed within the excavatBCI/US2009/040844

subgrade to line substantially all of the exposed

surface of the prepared area. Therefore geotextile 2

can provide a base and walls extending upward fromthe

base. _Part. of .ston 3.can be positi nthis
100501 pae. Fefitpgiuii S tlchiibalihSRirREatH bt e Jayare
3. Choker layer 4 can be placed over underdrain stone
enhancq paspha@upppdniffagy GrRval IIoedssdsi # welbpempigiasping infiltration rates as
Subsequently, nedia 5 can be placed over choker |ayer
sediments aguefudatabPrefasablipoplents §icnoppribee hextueroftcolieseasbn C3 and warm-
equi pnent that would conpress it. Media 51is
season Q4 @fR5aRIYptEE tdMht hedroldtisrL oo Vite. 1npatticudd Ot (235 asses
preferably about 20% until media 5 has the desired

Pennes&ﬁﬂfﬁ?pemz@es ?Fd)tﬁltzﬂﬁ fa%g)aiﬂldwm o%?zywﬁ o 9th g@%’g‘h%é been

gatlon to I nduce settlenent ast a
f 5% I t
deterrmn?d/% nbee egf 1n pr mg{ngg elhtflentyrF% %I} 1n§31?r6%§g?£ g_e(‘g ?%&Aﬁggl
tial sett t I dded t
altematmr%'ewlg%t vty E@E m@%ﬂ@%%&ﬁ%ég%mhﬁ Y?TBE)&F iR also be

processes, as well as maintaining infiltration rates
used forghe piai matrriol. aBushmldnds ere preferablyasbhiow prated o preveohpiinderow.
a m xture of cold-season C3 and warnseason C4 grasses
Moreovat apy edmbmatitreonyrdssos,dgibs, shedisrmad ofccd dvd i frevidédidepending on the
particular, the C4 grasses Pennesetum al opecur oi des

setting, &F@l@ﬁt &dvibtBbarohl tiRNPofRodN the! Mvkhtigat um (Swi t ch grass)
have been determ ned to be effective in pronoting

[0051] nutri ANy & ﬁ‘?\otj ogqnﬁlﬁl} @'cgﬂ & 8 osﬁ)&i acfg:triﬂa[ﬁﬁﬁg Pﬁﬁt Bterial 7.

al ternative, ubs, es an rees
Mulch §EPRECH S e fs}'@ﬁq (e stk Bl and

_rooted to prevent w ndt hrow. Moreover, any conblnatlon
CXCCSSIF drgmsa@é§ra0kmgb Onembpginei @f thedpeendian upes foF tis Rrepose, several
depending on the setting, w thout deviating fromthe
inches afdopevafgiabed grvanwhemin thoesdieh ddarseterf iaakout &y indies to about
mul ch 8 can be deposited after planting plant materi al
0.30 inches, preferably about 0.25 inches. Another example of mulch layer 8, which preferably
provides better reduction of surface clogging and more sorption of metal cations, is well-aged
hardwood mulch, which intercepts much of the suspended sediments in the effluent. This can
facilitate removal of accumulated sediments as part of a periodic mulch replacement process.
[0052] The selection of the mulch can be dependent on plant material 8. In installations
wherein the plant material includes grass, the preferred mulch can include gravel. Since grass

can spread, its litterfall can provide its own organic mulch, and the high stem density of grass

can improve infiltration rates when sediments accumulate. With shrubs and trees, the lower stem
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Mul ch 8 can prevent surface conpaction by raindrop

i npact, scour fromsurface inflows, and excessive
waleappngp4add cracki ng. One enbodi ment of the i NRENUB29N9/040844

uses for this purpose, several inches of fine

wel | - graded gravel, wherein the nedian dianeter is

about 0.20 inches to about 0.30 inches preferably

.. aboyt 0.25 inches. Another exa Ich | ayer
density i s U &P ) DS IeSlopEnEe hifkadetiion eor X aHte
cl og ﬂlng and nore sorption of nmetal cations, is
replacerpent; -lagusiplsatiererpbodimcat hargivops nultheseadstrsciiiieh of t he
suspended sedinents in the effluent. This can
[0053] f aci | Floatsdrenedibyglasohg ticougnrhatied cae ditaemtdsrdaginpame lgfer 3.
a periodic mulch replacenent process. [0052] The

AccordB@lygeh boflet8stti@aibt fovedsd, &sn St dr ridte Phadttirains 9, such as a
material 8. In installations erel n the plant

perforat%ﬁto'f" G géd 29 y%gbﬁég&gp} g 4 BEnRISLE 515(91@ WY 'tcpz%o‘&@@iéht 1nfhes

I nclu g aSS can sprea Its Titt
I‘OV

spaced %t eI‘ﬁ%lﬁ iy 1n re er\é\glﬁz arbﬁ‘BtBO(f/ fget arpflﬁ otr re§§ | o%rgpléﬁ)lgg al\}é]g%eper stone
depths @P%fféﬂ?@vvﬁ%uﬁg Fains Oy Bbepy in?%gﬁtr%gfgﬁw fﬁa\g tndérdains can be

cl ogging, while permtting ease of nulch replacenent.
connectedh by himanifolht Tlryungetsbain tenmanifrdd dwo b connesteddananpstlet system,
preferred. [0053] Flows treated by passing through

such tharedidd barcAow érinetvithindee dnddrdrait Dineo thayoatle3ystem.
Accordingly, an outlet system can be provided,

[0054] CONPI {15488k WG N refBAiSn WHROHARI MG s8ils HH&Brydfer@eable, it is likely
perforated or slotted pipe, preferably having a

that waf%ir Wa'ﬁfdeﬁovs’ thr%uﬁle b@ﬁ’n Ble%?f&m%' 281?{03% ACNES fa? @&Ce?fécfﬂ?e N

I nte feet apart

retentiog” BRgn %g%wﬁp%ﬁ%ﬁiﬁa PRI B%E S AgHEEN %Oﬁﬁ gheélgwer outlet may

systens, the underdrains can be_ connected
not conﬁalnﬂqw i@to thesoil hd dcapidingly. geoteniiie Loea e é%ﬁie @@bstantlally

connected to an outlet system such that a fluid can
impermtaldovtd eromrevthathillnflavseara daesteld thirough thaovwatldtfre tbept ¢amtbe controlled by
system [0054] In areas where N retention is inportant

the chaiB@risiidslo$ thay @itMéer Phaxaewigiah o€ thel dutlesSpibé KELyh bdiaisedab®re the holes
woul d flow through the perneable geotextile 2 into

203 so 8&tdd WatPOn BSE prle®irerfall§ #av¥ eadbutlet assembly through holes 203, and
pass into a stone layer 204, located under impermeable membrane 2. In this manner, only fully
treated water can then infiltrate into the soil.

[0055] In accordance with an exemplary embodiment of the invention having the
configuration shown in FIG. 1, effluent can enter media 5 through mulch 8. As it passes through
media 5, phosphorous can be adsorbed from the effluent. Preferably, the filtered effluent can
enter underdrain 9 and flow into outlet system 200 and into box 10, then into drainage pipe 11.

Outlet system 200 preferably controls the rate at which the effluent passes through media 5 to
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retenti on. Because water bypasses the outlet and fl ows
directly into soil 1, the |lower outlet may not control

WO b@9g29406 0 t he soil 1. Accordingly, geotexti|BCRUSZNI/N040844
be made substantially inperneable to ensure that al
flows are directed through the outlet, so they can be
controlled by the characteristics of the outlet. The

el.evati on of .the t i pe can he rai sed above
enhance FEGh G SpEO0 G FalT SR o 06 GG AT SREIEAETS) hoyemoved
| eave the outl et assenbly throu?h hol es 203, and pass .
from th gyt ié therrdineny &y repaed in edieetiiaindeneer ppraeheiabne By providing
menbrane 2. In this manner, only fully treated water
two or meare dultlets wittfin tertaxeouthet oystére 280 cdn proOQId Sjcréased flow of the effluent
accordance with an exenpl ary enbodi nent of the
from urldBxdedih I9GAtoAY b&vd 10. e ek tas @l dtoite SIN@WateldNit ksl tebe inderstood that
ef fluent can enter nmedia 5 through mulch 8. As it
r ' bed
R S G R B RS S e

can enter underdrajn 9 and fl ow,i nto ,outl et st.em 200 .
100561 220 ROV FieRn s Rt o W ok

system 200 preferably controls the rate at which the
shown lé‘%%flpu%n f gﬁ gediacap ‘6%]@1&8 h%fﬁrrsﬂ@l s n Madekcoriam qoaditigns, a system

adsorption, and transformati on. For exanple, nore
withoutrsi qomtyg e entlet bstane pavierdvide getentinn tehéy wishin thd medie of an hour or
effluent is retained in media 5 for a | onger period of
less. Thiik pEentBy timosandicrtgo theat for- timerd& ponddnehsrogen tramsférireatiboxsuch as
outl et system 200 can provide increased flow of the
denitrifRbfid@Ycchir &TBCHUQ?T Fhabitd siatA pkdterabRpréPide M t&afolling out
two outlets are illustrated, it is to be understood
fows 08t BAFRRPERG B @ W] BIFERHILY FBo Sy e losRhaion o
. syst.em,200 j.n accordance with an enbodi nent of. t h .
retentiof LR 15, 5cLe s Hu SR el o o 6 e e ALY fyppovide the
_danfiltration rates. Under certain conditions, a system
desired yigterHinutinge £ MreraptingdnitogIndtansipsmationsan spleefod gBroviding a low flow
retention times within the nmedia of an hour or |ess.
control Finigunc e iricirause themretentaon tme tag dorstxemipld, over six hours, while having
ti me-dependent nitrogen transformations such as
minimatleffiédt ipdn atdcoPpohdin® @&pths. Effcaniftlicv§lstem Jilr€eraily bBb extends the
system preferably provides for controlling out

duration of saturated conditions to over about six hours, about twelve hours or up to a day or
more, thus promoting enhanced denitrification.

[0057] Referring to Figure 2, the arrangement of system 200 can permit the outflow rate
to be increased where prevailing rainfall is more intense, or where the ratio between source arca
and facility size is higher. Alternatively, where infiltration rates in the native soils are high, the
low flow outlet may be restricted. The outlet can also preferably be adjusted to respond to

changes in conditions over time.
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flows to a rate that is a fraction of the nedia
infiltration rate, thus extending the duration of
WO 2d0enzd4om within the nmedia. The effective outPdDUS2009/040844
rates can preferably be adjusted to provide the
desired retention tinme for pronoting nitrogen
transfornations as selected. Providing a | ow fl ow
contr struct can increase the retention tine
100581 £ o' & DSt S G Ty BE SR T e iy s eIRte E2% 10,
ef fect upon surface pondi ng depths. The outlet system
preferally gfragnsisingd 40 esrasRe f@étaﬂlﬁl@rdwﬁ@ttm@ﬁ doxskdy ig deingg by an outlet
conditions to over about six hours, about twelve hours
pipe 11pwhigh chbasided/acprdimg @, staniders! ronomppronefiueesHamded to those
denitrification. [0057] Referring to Figure 2, the

customa@fly sRigledaithe @ft. HBIEMsRAV20RnALEINHE ohd & rﬁ@k%flﬂlt@ivﬁhd’(ﬁét@ flow
to be increased where prevailing rainfall is nore

outlets l b ﬁl%emdeo{;wtmeggﬁe th E)réﬂﬁl'a% thetd rl‘)o§ QBNG Bore§ FarB0 How events,

facil |ty Sl ze | Al ternativel Y, wher e
all prefcfrglavy £I28 @/ta%%?ﬁhg% an(glr& foug 1?1? fpr%\ég%ure t mlgElJ]I‘tetP hl?&g gHstglinarlly skilled
rably be adjusted to respond tao changes in
inthe oo RuIeT b PEYEROb %@ut Dushys tmgp@@“slygheénm%@@r%fawbly about 9

i nclude a pre-formed box, such as a concrete box 10,
Hwhﬁﬂpwbﬁéﬂébhﬁkﬁ@h@ﬁ%&@ﬁ@ﬁﬂﬁ@fﬁbﬂﬁebvﬁﬁﬁ to standard
street inlets. Box 10 is drained by an outlet pipe 11,
[0059] whi chUad¢rdben 8 i(@eadardfoddy ch pgsd throsizabdan 0 and tdriniigite in a tee 14. A
procedures famliar to those customarily skilled in
swivelif81baw 15 v teBhicifiy BhM 2 HipMle behBae] @8 1R prBPited at the other
internediate flow outlets 12 on the side, mnth a grate

end of té% é‘ﬁ tﬁrgc?(&d?ﬁeeteﬁﬁﬁatte&) E?’ 911‘1 eg&’ éagjljgrefe?a gfﬂé(\g%f% Llff‘{)tgﬁc ’varlﬁce 17 is

Sl ze ccor
rocedur es famllaﬁﬁy those

routin c

prefera RO R e Binos b ooy AREREPRHTGE b spesinc dril
) i nches to about 24 inches, nore preferably about 9

$1ZC. i nches to about 12 inches above the surface of nulch

| ayer 8. [0059] Underdrain 9 (or nmanifold) can pass
[0060] t hr oughkibgintd Bccrmdt nEttratioatigoithe @ative soildandAhs désirelto prpvide a

el bow 15 wi th reducing bushing and nipple assenbly 16
saturatedaon& @hPsigy ardiedealtioh BE 0Bifiden 7 can be preferably precisely designed by those
skilled in the art to provide a saturated zone and extend retention time within the media once the
system has drained below the upper outlet discussed below. Orifice 17 can be prevented from
clogging from surface flows by fastening a strainer 18 over nipple 16. Flows from underdrain 9
and exiting out the outlet can be preferably filtered by the media.
[0061] A lower riser pipe 18 can extend upward from tee 14, terminate at a flexible
reducing fitting 21 and be fastened with a pipe clamp. An upper riser 24 can be sized such that it

at least partially fits inside lower riser 18. Upper riser 24 can be preferably attached to reducing

fitting 20 with a pipe clamp 22, which preferably facilitates adjustment of the exposed length of
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end of tee 14 and can be term nated by an end cap

preferably having an orifice 17. Oifice 17 is
weew@bared y adj ustable to internedi ate i ssues BYI/US2009/040844

drilling its center bushing with a specific dril

size. [0060] Taking into account infiltration into the

native soils and the desire to provide a saturated

zone, the size and el evati of, orifice.17 can
upper ORI P GRS ea g Beiony A sseEittredS of s
_art to provide a saturated zone and extend retention
providedjtormaifitainjupperiischdtptiached © 2 well 88 I yduledernitiag adjustments to
bel ow t he upper outlet discussed below. Oifice 17 can
its heighteaspeedednir adliditedm cl oggi ng from surface fl ows by
fastening a strainer 18 over nipple 16. Flows from
[0062] under dhaipperboidRtlaSdhblygeforiblyt dienfstd &t clBaw 2d3&onnected to upper
preferably filtered by the nedia. [0061] A | ower riser

riser 24?17\/33 _allf I%Ié& ?%d%é#lg% dhoé’lﬁé\g 2g.r e 8524 fan Eee&ﬁ'ﬂégladr Pﬁtto as‘?ze the

exi b ng fitting 2 1 and be tastened w

i ..An [ 24 i zed h.t hat
outlet dlgélgrgetdcflplg ) tpalbtg}lrai?gesias}lré#lslggAi s‘Hrglﬁlalg 2? g%ré't},ezﬁlefsegalrﬁ%igs{é%ed over the
Upper. _riser 24 can_be preferably attached to reducing
end of fipple 23 40 PIFVGRLUIAPRAC p7 gréanl%gan&z, whi ch preferably
facilitates adjustment of the exposed |ength of upper
[0063] ri ser Erdcam?p pansbequefeeablagisestvsidyitsdilevation eah bre¢stablished by those

| oose fitting bracket 23 can be provided to nmaintain
skilled ippeart to stimi2d ttat foadmgdirhoaral duptt toafetddoxs thich mimoffers possible
permtting adjustnments to its height as needed or

while tré@rgChte@@verlt® OfdorfiewnRes typikdl elinRH SRR iNesPiRfs8FAR! dan pond up
conpri ses an el bow 25 connected to upper riser 24,

avove L A0 388,630 R SHIR ShREH B BR800 nrese
s cof LA BB E 85 ARl Bt o
revent nipple 25 from clogging. [0063] End caﬁ026 can

percolaﬁ@n ptesfeaptpliad byj lowgr awitpt 20 E ca) s appplsmeated tyehe flow through upper
established by those skilled in the art to optim ze

outlet 20 hdopondiplg atcargingria Ddapihlaw iddetrannerascinthehflowngts casbe in
many mpl)l?t?psilesbolfihe normal low flow discharge rate. The benefit of having an adjustable
elevation for upper outlet 202 can be that its elevation can be manipulated to respond to changes
in infiltration rates in the media over time. As sediments accumulate and the saturated hydraulic
conductivity decreases, the height of upper outlet 202 can be lowered to increase the effective
head, thus maintaining effective infiltration responses. This can provide the capability for
adaptive management to obtain the best performance based upon the stabilized characteristics of
the media.

[0064] In areas where N retention is important and soils are very permeable, geotextile 2

can be made substantially impermeable to ensure that all flows are directed through the outlet, so
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while treating large events. In stormevents at
typical rainfall intensities, the surface can pond up
wakwoa2ube el evation of outlet as high as 24 iPCHES2009/040844
This can cause the ponding depth to increase, thus
causi ng a corresponding increase in effective head. As
a result, the fornerly |ow percolation rates
they can ﬁ%g(gr}%ﬂl%}%g mkz) | Vf{ﬁgﬁgﬁgaﬁﬁt $ ogfegnT?egfe%ig %:ngrgg nhendlea\ye the outlet
according to Darcy's Law in a manner such that fl ow
assemblyhwygh halep 03, r@nﬁr@ﬁgs 179l & stencday 120t hlecated weder imppermeatie
di scharge rate. The benefit of having an adjustable
membragieey dnitlos nfaonery pplgfulbutrtatd R82r canthbeintfil@adte iirits the soil.
el evation can be mani pul ated to respond to changes in

[0065] i nfi | Diatd s@ﬁleﬁﬂ(@ﬁprﬁﬁrdbgﬁprﬂﬁﬂbaa Qg lto hotBhly Agulate small frequent
sedi nents accunul ate and the saturated hydraulic

flows t&&ﬂl‘QH&t ﬁlM‘ \A%%ﬁe%ﬁl%(lﬁaﬁﬁsalso Bl Qllgtcaﬁ’&fbﬂ%g%? 'Eheqjdﬁlldq{iﬁl%ggon rate

can to increase the effectiv
iltratio S se
of the rnnﬁla tO rea{ élp all% | Iotv&g; Forcogt&m ar{] cularletrg %glnt éla‘% S-Eill nee&s {]0 be

n the best perfornmance based he stabhilized
filtered ﬁé? biiBr o<kt RO daamftsmfﬁjﬁe PHISat S MR BN 200 can
retention is inportant and soils are very perneabl e,
permit gysismsyn péeordangetyvithghermgentamye bamespandiye forghengasaib mgdtagnfiltration
ensure that all flows are directed through the outlet,
rates orslosige disclargbderiteant nodongdndipntviieh thbhamamiveme stk h@ﬁleoﬁecﬁmﬁorption
outlet. Treated water can then | eave the outl et

and infideARARESpoRY, HeGhtIBORSigRABon BNEMPBEEMch P ot 5PNEms 200 can
| ayer 204, [ocated undér inperneable nenbrane 2. In

irnprové hl;ltﬁisﬁﬁgf%ﬁ{lon ?&h}%(aﬁééqol f¥efet ({1%%%] %ﬁ vgﬁ%édqgﬂotég 8ccordance

trate In et system
. referably provides a way to not only regulate smal

with th W’ﬂﬁ fl ows to enhance nitrogen renoval, but also
to utilize the capability of the rapid infiltration

[0066] r at e AFWAtPEIIGANBPRE b@@@t@iﬂ%@n sytsteah 30 Qi ackeIg AN GC) Vel anoklar
contain particulate matter that still needs to be

embodifricht efrtbel iInvEgnabishowy it HGadj Veitet hentmbehsastcms 0Qrodn include at
di ameter of the orifices of outlet system 200 can

least onp @lfcBlot sigyB LENBydtem 300 avill doeefetttd o Hdigafich¥epibhtonink@lliton 300.

responsive to changes in nedia infiltration
Such an embodiment may be beneficial in locations wherein space is limited or confined, such as
in urban settings. Referring to Figure 3, the plant material of planter installation 300 can include
a tree or shrub 27 adapted to the hydrologic regime. Trees and shrubs can provide more
evapotranspiration for the same media area than grass, and can thus improve overall moisture
retention. Examples of trees suitable for planter installation 300 include Acer rubrum (Red
Maple), Platanus acerifolia (London Plane Tree) and Quercus palustris (Pin Oak). However, it

is to be understood that other trees and shrubs can be used without deviating from the scope of

the invention.
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rates or design discharge criteria. In conbination
wWith the inprovenents to the nedia sorption and

WO pdoolizeed | on response, the outlet configuratiRPCI/U82009/040844
enbodi nents of outlet systens 200 can inprove nutrient
retention conpared to free discharge systens with
medi a not in accordance with the invention. [0066] A

wat er _t r eat ;men ioretentio stem 300 inh accordan

10067) et b SHORHI GG P Of AR ROALL G GO o erass can
FIG 3. Water treatnment system 300 can include at

be providegs in gserdapeewih agrefgedmbaimeniafibpinkpptionywarm season grass C4
referred to hereafter as planter installation 300.

can incl8de Kemres eninadopaentoideay(F bentine reedsis caral/ ori Furiowatirgrgm (Switch grass),
wherein space is linmted or confined, such as in urban

which if@dntdri @steriiat &t bd’k@ffdcﬁvé:ir@tbﬁl_oﬁn% hieicp RithtibMmt B dcabdrdhce with
planter installation 300 can include a tree or shrub

an emb8dimRABRRdirEndidie NBY 4509} Sth%ﬁﬁb@grfolﬁ@&ﬁreﬁ Bh ﬁé‘@g&cﬁﬁa

can provide nore evapotranspiration for the sane

d h ' [ j
o34t T35 309:60, 0SS PRUEYEnPUTISL B v,

.. installation 300 include Acer rubrum (Red ple),
while prsvaRtife OMPAgtion of the Welss Hasmopf %lﬁgla%aef(ew ta%fg?dﬁ%? gingement
~ palustris (Pin Gak). However, it is to be understood
having Naat stonhean ba lesssexppbivh buloé canagisdke lgseeffagtivh futmutrient removal
deviating fromthe scope of the invention.[0067]
and canSuovide iwds ngfdcheotdieg yolame xt ure of col d-season C3 and
war m season C4 grass can be provided. In accordance

[0068] W t h Refb@f el ragu 3PRMIvIRBH 1Q%in bEYrdfE¥BRLiiAMted WM Mhe media by a
season grass C4 can include Pennesetum al opecuroi des

hlgh-peérggés’bzl)ﬁt?'p%cg% %&Féret% R Alird @ﬁl%ﬂhfééé&?@l&g%&és%ﬁﬂdlng Isonlls from

nvent ors erm tirve

i B SEBRIR AL G0 HOUER R BEGRNETER by 4 W o

) | oose ground cover can be placed surrounding the tree
soils. Thy stractifel qanpgsoegred by ageate F3Hhwathppeniagapnsll prough teperput case of
entry of air and water, while preventing conpaction of
walking teffiaatet targe emugk to peredi wibpededantry phhiriand whkee. Grate 29 can
arr angenment
preferably also have an opening 30 for the tree to extend therethrough. Preferably, grate 29 can
be set flush to a sidewalk 31. Grate 29, as illustrated, may be particularly beneficial for a system
which does not include stones surrounding tree 27.
[0069] A stone layer 32 can be preferably at least about three inches, more preferably
about four inches deep, and can preferably include an open-graded No. 4 crushed aggregate
wherein the median diameter is about 0.8 inches to about 1.2 inches, preferably about 1.0 inches.
The aggregate can be preferably washed with enough water to rinse out the fines accumulated

during the crushing process. The aggregate can be covered by a choker layer 33 preferably about

1.5 inches to about 2.5 inches, preferably about 2 inches deep. Choker layer 33 can preferably
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havi ng No. 4 stone can be | ess expensive, but it can

al so be less effective for nutrient renoval and can
w@e@vizkaod ess surface pondi ng vol une. [0068] Re¢BDR1009040844

to Figure 3, native soil 1 can be preferably isol ated

fromthe nedia by a high-perneability porous concrete

structure 28 which preferably keeps surroundi ng soils

t|n |nt t he nedi,a nd st ane,

include Nob AP FRiRHE et b SebRe a&l@&trdmpl@’ﬁai Hehgsig about 0.3
the soils. The structure can be covered a grate 29

inches, pfoferablyahpwds2 swalhes, whishgan tlantp@tgﬁfittone&élée wediggopnngfo stone
traffic, yet large enough to permt uninpeded entry of

layer 32ai Stomwkaywaﬂecran b@patferaBy drameebe b eeebtayedalmslordnein 84 dnving at least
opening 30 for the tree to extend therethrough.

about off BRI B8lc)prefofablyabddt GANinbResS R Hiahldighwhieh @as bélewvlebted to an

31. Gate 29, as illustrated, may be particularly
outlet sPREARR5GiRhn &%ﬂ@w%bﬁﬁaﬁgk A cﬁ;tbu%%ﬁ%n H{%trc 4 Hggwsa&le'?i%ﬁlctcd in
surrounding tree 27 069] A stone | ayer can

more d m?n%ﬂabl at | east about three inches, nore
% ggty about four inches deep, and can preferably

|nclude an qQpen- ade cru d aggr.egat erein
(00701 t he. it od PRI o eabissl o0V T REH AL Og. BB HADY, whout using

i nches, preferably about 1.0 inches. The aggregate can

wheeleger @ércel;iﬁé eawpyenighdagaygantpressdgmediat dihe tdoptguqﬁ g oedia can be
the fines accumul ated during the crushing process. The

preferalslg gt egatabowtd® ibehes oprefieexblyoyboat 24 alches, hetyreallo33ng for about 20%
preferably about 1.5 inches to about 2.5 inches,

settlemdtt e1L5RRY of RROMHirated phcgﬁ@nctqews HaQkpth JrayRia FBarfPdinendment
preferablyincl ude No m xed aggregate wherein the

composmaoqth Al p‘?%[?(gﬁér?ca | 5% rﬁ%gﬁ{lla%dg%b @ Snd? s mglq}?lgh cg%a% t?l in accordance

i th aH on a g a_down into stone | ayer 32. Stone
wi q3é£91§§egﬁﬁqﬁ?%ﬁ éfeP bl y drained by a perforated

underdrain 34 having at |east about one inch, nore
[0071] pr ef efflorsp feaspantredio 7icar he soliqetad; byvehighly neFmeadlepgropeconcrete
connected to an outlet system 350 in an overflow '
curb secttomridpiized t@pernui dicers setdy ofpatte meofdivthile deemngpehrse debris such
depicted in nore detail in Figure 4.
as leaves and trash from clogging media 36. Alternatively, runoff can be collected by a standard
curb inlet system located upstream of system 300. The most polluted “first flush” and low flows
can be selectively diverted into a manifold system from an upstream inlet that is distributed by a
pipe 39 having perforations or slots 40 therethrough. Perforations 40 can be preferably sized by
those skilled in the art so as to distribute flows substantially equally among several planter units
at different elevations. Underneath pipe 39 and /or adjacent to porous concrete inflow section

38, a non-biodegradable turf reinforcement matting 41 can be placed, to prevent erosion and

scour from concentrated inflows.
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[0070] A layer of nedia 36 can be placed over choker

| ayer 32, preferably w thout using wheel ed or tracked
weouwopeend that may conpress the nedia. The dep@hiUusf009/040844

the nedia can be preferably at |east about 18 inches,

preferably about 24 inches, after allow ng for about

20% settlenent. In areas of concentrated phosphorus

| oads, the depth medi a 36 and anmen nt conposition .
10072] and SABTES St ST Que SR BrGUIeaL hHay B enfon, having
sor&tion capacity in accordance with the particul ar
an uppey eyt 3SAund 8 lofertqudlesiilds shopragneraly iBRsgure dnOatlst sysem 350 can

37 can be collected by a highly perneabl e porous
include @amser gipe 42, uprbfesabtyt camprdngsplasd. tRopq€d crntprelicrabyt inehile y diameter

of polluted runoff while keeping coarse debris such as

of about e@iRBcABAbbUARInEHOPrefeadly NYin¥REN. alhdtutlet can further include an
Al ternatively, runoff can be collected by a standard

end cap%rsk%al'gg :tcfgre%{rﬁtuﬁ%ﬂtﬁﬁ‘l@fl GRS qlﬁ%%ﬁy%}ﬁdufs?’ gtgloffq_ﬁﬁlded at the

nost ted "tirst flush” and low fl'ows can

sel ectively di,verted i,nto a manifold, systemfraom an
surfuce 3 ik Bpknd oS B 0B 0 bl PRI By R R T CH8MR Tk pygritow

.perforations or slots 40 therethrough. Perforations 40
clevation g thestapdpinse ey @@%aano‘gﬁ RRGEE ek et éfﬁnﬁﬁ@ﬂa@@a outlet
' as to distribute flows substantially equally anong
pipe 45several planter units at different elevations.

Under neat h pi pe 39 and /or adjacent to porous concrete

[0073] i nf | omflestiian uB&rdaimdhedn adetiradhlng chpdd in a watertight bulkhead
reinforcenent matting 4 1 can be placed, to prevent

fitting 48 QB RAIrANB4SEGR gfef&_%@l@ﬂ t6RRNEAR I 2bag ANLbOWSwhieRE e Akan be
outl et system 350, in accordance with an enbodi nent of

fastene% E%lsg{i‘yezigg if%’w &%é’ﬂlﬂg 4@%?&9&?{}0@% H’—‘%Ifﬁ?%% 4195']%3 ??‘Jeeglw 50 can be

I'S snown-genera
.. gystem 350 cap inglu a.riser pipe.4 ef erabl
provideg SF R g PRt 18 oy s e B S Ry TRt bg preferably
) di aneter of about 10 inches to about 18 inches, )

adjustable & wigprediatesizefynddling e cgpier Beshingnwitlhy p spreifiG ¢réll sige as applied

an end cap 43 sealed to prevent uncontrolled water
to lowet agfice Slo convey overfl ows, runoff ponded at the

surface can enter a top end 35 of pipe 42 through a
[0074] gr at e AdddwdinEhustaiy hdingipi MBcinblE SV@Ahfbe@éferably positioned at the
end of elbow assembly 49 and terminated by bushing assembly 50 which preferably includes an
orifice 51. Taking into account infiltration into the native soils, and the opportunity for
providing a saturated zone, the size and elevation of orifice 51 can be preferably designed by one
skilled in the art to provide a saturated zone and to extend retention time within the media once
the system has drained below an upper outlet 352 discussed below. Orifice 51 can be preferably
prevented from clogging by providing a strainer 52 over the nipple, wherein the strainer can be

preferably secured onto the nipple. Flows out of outlet 352 can be preferably already filtered by

the media.
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el evation of the standpi pe. These flows can be
preferably conveyed from system 300 by outl et pipe 45.
WO 0®9329406f | ows from underdrain 34 can pass t hP@UER20e9040844
cap 43 in a watertight bul khead fitting 46. Underdrain
34 can preferably termnate in a bend 47, above which
a tee 48 can be fastened. A swi veling el bow assenbly

49 wi educi bushi ng and ni ppl e . 50 can be
100751 e ovt dBalee pHB sy daChio Radmido B RBldh A r o
an orifice 51. Orifice 51 can be preferably adjustable
permeablg spih, élrqea e Reth eonsteicted agdior raised, meecagiag thervabyaaphigeated water
with a specific drill size, as applied to | ower
that is infilttiede 1% poor] YOd@#fingssailethe ongetivas he nxpaadeld midopl lewered, thereby
assenbly 50 can be preferably positioned at the end of
increasil B RSSEEIN WhiAredinfin @ioWdhahe shobdd. D $hib AAnA&SFREponse of the
50 which preferably includes an orifice 51. Taking
system b4 & @AGRHM cddfitidiseAtdudfertMnAnt REIdNBL Y@pl%gidesconﬂﬂgnt
the opportunity tor providing a saturated zone, the
res Onssgze and el evation of orifice 51 can be preferably
P aesigned by one skilled in the art to provide a
saturated zqone and to extend retention tinme within the .
[0076] edi a/dAVET fi$fe PRFSBHIHN XS NRM TR S Seaid gipate at a flexibl
~outlet 352 discussed below. Oifice 51 can be '
reducing fighing Hhlyd prrebepretedatly Sstcordydthrgipg/clpmp it didmgupper riser 58 can
strainer 52 over the nipple, wherein the strainer can
be prefdvablpcefisttuateld ywnd ecutiged tofit at lbdse paitiplby ésidellowsr et 5 Upper riser
outl et 352 can be preferably already filtered by the
55 can Bt RrdfI0 1®dchd® lcQUBRg AHineSS3 Wwitlha BReRUnS$LAPHE clamp 54 can
respond to field |nfll%rat|on rates. In perneable
preferal?cig 'fé&l’itafetad Englec‘ orgltﬁtt;éxg?&?trléeﬂgﬁegfiu@{ég{rig& S5alpS fg)gse fitting bracket

creasing the vo t hat " |

infiltrateg(5 n_poor| ggai i 0ils he outlet can
36 can G plaSadR GO PBR Pt o, Nt HEKEB5 T HcPeasi ng ¢ he

rate of flow while reducing the volune stored. In this
[0077] mannebppremitiebasserpkly 358 camaredsrably speprspn ¢lhey o edotigate the

conditions encountered in the field so as to provide
top of uppersisst ntwithin which a reducing bushing 58 can be preferably fastened. A nipple
59 can be preferably inserted through reducing bushing 58. Nipple 59 can be prevented from
clogging by providing a strainer 60 over the end of nipple 59. Preferably, strainer 60 can be
secured onto nipple 59. Nipple 59 can be preferably adjustable for intermediate sizes by adding
an end cap with an orifice formed by a specific drill size, as applied to the lower orifice 51.
[0078] End cap 60 can be preferably sized and its elevation established by one of
ordinary skill in the art to optimize the ponding time and depth to detain as much runoff as
possible while treating large events. In storm events at typical rainfall intensities, the surface can

pond up above the elevation of upper outlet 352. This can cause the ponding depth to increase,

thus causing a corresponding increase in effective head. As a result, the formerly low
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responses. [0076] A lower riser pipe 53 can extend
upward fromtee 48 and termnate at a flexible

WO waarage fitting 55, and can be preferably faRCEOBW09/040844
with a pipe clanp 54. An upper riser 58 can be
preferably constructed and arranged to fit at |east
partially inside |lower riser 52. Upper riser 55 can be

1 A R R RUSH R RN -
d

adj ustment of the exposed |length of upper riser 55. A
such thqtél%@rarqsm UPRET DU et %@n@ahnwéﬂrﬂq:satfége togy flepg disghargerate. The
upper riser 55 to the structure wall 42. [0077] Upper
potentiad behadtt oibsanph yleSHR devutiopn édrehabpper oofigirdas be drut @b blewation is
57 proximate the top of upper riser 55, within which a
adjustalsl€ ek phdab shamp@s SBin€iaratioa rixeefher @bl oecliasteeied. AR sediments
ni ppl e 59 can be preferably inserted through reducing

accumuEeH@ MG ggtura%&Bld?alﬁﬁ SRMREID ﬁ@é{rﬁzﬁ%g cﬁég %1?[9}] i‘é%gl%gliog%?ed to

y providing a stralner 60 over the en
ner. 60 ca S ont o ni

increas{{hg%F%gtgvgyliggafttégsl %1?1(151 afmng F{/}’ecglgfje d@@ﬁ%ﬁ%ﬁ [egponses. pﬂllise caSngprovide
. internediate sizes by adding an end cap with an |
adaptive, plappgeenanh OB EropyF nST 5@%@@%@8%%% tlg Febilized chppciesigtigspt the
~ the lower orifice 51. [0078] End cap 60 can be
media. preferably sized and its el evati on established by one
of ordinary skill in the art to optim ze the ponding
[0079] t 1 me @hédoutbpistér pedtably pasvideschway oddt oaly egslsichmll frequent
while treating |large events. In stormevents at

flows td YHaf&d nifr8bdH @ovAINLRNSI biRad td NEdSHik@GEN FAR, BRMLOUB utilize the
above the el evation of upper outlet 352. This can

capabihgggftglg tﬁ%ﬁd RENGLRG AR Id Qe i? % ﬁr@ast%raﬁgeia Shl%ﬂé\%‘ ﬁla?is?n’tain

di Nng I ncrease 1n efrective a resu
. _the fornmerly | owper oé tion ate.controlé d E% L ower, ..
partculgffpaster 94 sihsdi 6 el hgatbScaPEYSERE slkvptprgind diameter
manner such that flow rates in upper outlet 352 are
of the oRfiFGs GROIPETTPIt Eie SYPtem o bRTsponsiycdP shagey i mgdia infitfyation rates or
potential benefit of having a flexible elevation for
design dikehargepeiteroutlhepmbanatibe withdhe inigoedneands foghe imgdia sorption and
adj ustabl e to respond to changes in infiltration rates
infiltratiohatspoake, BeCaiitlcOd@ifightation oASmBEMIBRLCT the outlet systems can improve
nutrient repetition compared to free discharge systems with media not in accordance with the
invention.
[0080] In accordance with preferred embodiments of the invention, the bioretention
system can be suitable for wastewater and/or stormwater treatment. Various examples of the
water treatment media as described herein can enhance the removal of phosphorus from these
waste streams. Preferably, the media can permit retention of phosphorus while providing rapid

drainage. The flows through the media can be preferably controlled by an outlet system in

accordance with exemplary embodiments of the invention to extend residence time for improved
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accumul ate and the saturated hydraulic conductivity
decreases, the outlet can be |lowered to increase the
w@bdoesrd4ve head, thus maintaining effective  PCT/US2009/040844
infiltration responses. This can provi de adaptive
managenent to increase performance based upon the
stabilized characteri stics of the nedia. [0079] The

nitrogen getérm%tg SyEt SUEY eélg%gvglllé{]f o%%gllsg eé(ﬁﬁ\é% 0 fo noah&@rpplf}[ volumes.
removal , and to respond to field infiltration rates,

The outlpy ﬁysaﬁ%catndoanpferabév dovegned gas Fonstrycted ta pasmyitdpghyflows in larger
infiltration rate of the nedia to treat transient high

events, fHusywsrnhiktatg thopystdnms todraat ewenatibstardial eventshaith stininlal hgsds flow left
to be filtered. The ability to adjust the el evation

untreat@nd di aneter of the orifices can permt the systens to
be responsive to changes in nedia infiltration rates

[0081] OF deri@iigl &‘BQ@ %fﬂBé&sle'saluble%h%W'?m fobtBnttth $ninimize

i nprovenents to the nedia SOfptIOﬂ atlon

i ECERFue Rk e, MU KRl BRI B
npared to free di scharge systenms wth di a, not
bioretenf{Opcy tate s WERA EHaIPRYE mﬁanff %é@]tynlﬁaq@d&ssi inpigistention
W th preferred enbodi nents of the invention, the
systemsydapmetsésh forom teyasd spmetimeseves aiheibldecddsrof nelpnawaafBloads. Systems
and/ or stormnater treatnment. Various exanples of the
in accomah@r withi gatinemtionedh be ancrdied evithbegtehesagmontaasided) asit@ud and/or
the renoval of phosphorus fromthese waste streans.

krasnozeﬁleg‘oﬁr@@ﬂaymﬁﬂﬁ Beh Boiédt. permt retention of
phosphor us mhlle provi di ng rapld dralnage The fl ows

[0082] t hrough,.t b, BEY] @et&ﬁﬁnégﬁhﬁ’hﬁé@ SPHQIE{CQ %iﬁ%t iofihedia,

t| et syst emin accoraance w t
i nvention.to extend re

id
Wlthout.pﬂm%k?eaaﬁﬁlpaagwu}genmﬁfrowwt e%ﬁ F cop i gons, gandypcome

I‘IRH se the majority of annual runoff volunes. The
exhausté@fl @rscegrak o Fi0W st pheprercass 9f plarts gar gongidgrably augment

~constructed to pernmt high flows in larger events,
retention lodl phgepharus £ flanbeyond tisy sthedsis nributeldt tevmaksubst ant i al

events with mniml bypass flow | eft

[0083] It is to be understood that the examples provided hereafter are merely illustrative,
as a matter of application specific to design choice, and should not be construed to limit the
scope of the invention in any way.
[0084] Twenty-seven bioretention mesocosms, 240L in size, were used to investigate
hydraulic responses and dissolved nitrogen and phosphorus retention of bioretention systems in
accordance with the invention. The media comprised krasnozem soils, red mud and water
treatment residuals (WTRs), combined with sand and coir peat. All treatments except one were

vegetated with shrubs and grasses, while one had no vegetation (barren). Table 1 presents the

composition of the media treatments.
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untreated. [008 1] Reducing urban runoff |oads of
sol ubl e phosphorus (P) is inportant to mnim ze

wo paitzent of downstream freshwat er bodi es. VWECT/ESF009/040844
retention by newy constructed bioretention systens is
high, P retention in |oany sand nedia typically used
in bioretention systens can persist for up to and
sorreti nmes over a half a decade of urban runoff | oads.

tens in agccordance with the invention can, be
Table énMFﬂ‘é‘HCWP‘Pﬁ‘m ef varjiqusitheatmentss Nlineral propertigng axe By gyeight, as

detpymiyed hyraxalate extxaetpple Ke and Al ghoir peat BROPOELeNS grodg2olume.

It has al so been determ ned that the capability of

WeBI cal bi Frﬁe Nt onTlmedl a, Wt tha LLant s, f‘ﬁjr as shater Coir
q

get ai ni OS[ at Tepsoit Maa n con affteatmsnt | ¢
c R” becone exﬂ%aust ega?t er severlal year veResidusle] | -
10°PKRERIEM Of PXRNLY Cayy, cqnsider gol y70,§ugnrent_ ret entLon | 12%
ZO‘V?KraQ&%grBEO fa D%?{/Snl o[ Egt u:/\gleggo isjattribytable 12%

-+ h 1 H+he
WAV B Y Ilal grrc
|

< o°

30% Water drepaResf WIRIppl 124 i on speciffi c-to design chodte, 12%

o) 2 UUOO] 5
40/@%@%28@ Intm)ﬁ%d h9$7@(hft9r are Inefdfy il ustrative, 12%

15% WaRB0%hesd. d I’WTRJKG coxsg ryed to i mgdet he scope |of 1dshe | 12%

G%r&\ég%hon &‘ él y7_.40/L U( 64}'&0%' wWant y-_sev BN QJ/ oretentron 12%

Ql 7N woro niclad + A o mvnct At A

IIUO\J\J\JOIID, O 20, VVCT C© ¥} \aw | laa ) T IIVCOtI u(.I.LC
10%ﬁﬁ%ﬂw re§M ﬂses &y di s<bP ved nrtrogeﬁ1%hd ) 12%
phosphorus retention of bioretention systens in
accordance with the invention. The nmedia conprised
krasnozem soils, red nud and water treatnent residuals
[0085] ( WI'Rs Eyercihobgnthdronvasha Isigh grapodiancififineeadteriadd In the media, saturated
treatments except one were vegetated with shrubs and

hydraul@ @hge&ivitiddiv@e 086 Had with MegetaidsendiRafb@n)s. 1 tbads. Berh-h.
presents the conposition of the nedia treatnents. Tabl e

To extettd dMBich t?lﬁgpd@lséygﬂeﬁﬁ v %Nea(l’tﬁeowgl% K%ttféﬁgﬁe@ )) t) WA %Bﬁ’t'roued by a

proportions are’by wel ght eterm ne oxal
dual-oua%(tI c{?a 1tggr%lugn ?hls 1nvo'lb{7|e'd an unresgrlcé[‘ed QERA outl% whith® onyeyed outflow

as a function of flow through media according to Darcy’s Law. This outlet was generally close
to the media surface and controlled outflow when the treatments were saturated and ponding
occurred.

[0086] By adjusting its elevation to provide more or less effective head in response to
replicate permeability, this arrangement resulted in similar ponding and drainage responses in
replicates containing media with highly varying permeabilities. This arrangement reduced the
potential bias of disparate retention times upon nutrient retention. To drain the treatments after
cach event, a 4mm hose set at the bottom of the gravel layer drained at a lower flow rate (average
8.4 cm-h™). Unlike the upper outlet, this outlet controlled flow rates as a function of hydraulic
properties that were more restrictive than that of the media, so its response was similar in all

replicates. This outlet was throttled to very low discharge rates (1 cm-h") during the spring
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[ 0085] Even though there was a high proportion of fine
materials in the nedia, saturated hydraulic
W@ owdozudwi ti es were very high, with nean val uBGI/US2009/040844
ranging from15.1 to 55.7 cmh 1 . To extend detention
time, all systens but one (the WIR-K nr treatnent)
were controlled by a dual-outlet configuration Thi s
. involved an unrestricte t ed ou tle
loading ey 4 BeReLIARL IR FORY G P RGeS IO lé‘ﬁ SpuAtey conditions
according to Darcy's Law. This outlet was generally
in the befterg &f the mefa.nedi a surface and control | ed outfl ow when
the treatnments were saturated and pondi ng occurred.
[0087] [ 0086PuByg adg stsdy,rle kiasnoebmaatlirethmiid npsosdsthe wene witbroaded
| ess effective head in response to replicate
weekly REMBRE dfi thifiaryt dTFGe@ICORNEISIE L2 MEdUhittbeh BxRiesN@L) and 4.4 mg-1"!
pondi ng and drai nage responses in replicates

total mt? BQTN? R dTBMLRs W WirfHhsodsnid Wéke Qﬁ{hqﬁﬁ@dl vlzéekﬁiswnh 49cm of

I's ‘arrangenment reduced the potential bias of

i, SRR AT R SRR e 2 T e
t he bottom of tge rav er dr ai ned  at | ower,
intervalfy BTPHEENEANRET deedayi Shiheta ﬂnwmer R%mplh%%ﬁ pere 1" NO, and
outlet, this outlet controlled flowrates as a
1.1 to lIfeungtli oRNods shpwnauwTeelegr operties that were nore
restrictive than that of the nedia, so its response
Tabl®2SEffiught aiid Storaiwateepladirgl @aradibristisyflowtweigitted concentrations
gmgqtl;,laad hssM6dds (1@shdth)s hal 3perinteas and SH8Hwek periods.

uring the springloading regginme., Its elevatjon was
rai sed abeadndiiegingr ai nage r%@ oTFbrT;vN@e sallids af eN

COEﬂIuErthB&mgnFétim)obghlyQm dawe [masgoal pYYol [0 681 NG9
18, KB 10 357 M5 TE5a5O0p Mh a3 & 47
L 8ro5i ary g@f [ 1 8P| 509

GEg) qRpugs O Tamd 44 5
e 0y T T S I

' =¥ \AQE@I \ Qnﬁ@ Ih Q&ZW np 03 1.32

terti a{'\vﬁfwefsrt?rﬂwatehfﬁh?p% g0-39 4" Bft7 | 1 O] afid4 4l 11.56

mg- L 1AERedeGitorgwalge dwg 2008 | <G48 fot3R | nP&BvhI 801t hel.10

t r eat nbvaragedvravates deb wDAcH| su/d’t Het0idd $t 6168wAt er- | 1.06

C OMFtiteS110 Qvebk Masil-ohd dkgNaX) |pneo1 | 1,821 | 1,125 346 | 2,182

First 81 week Mass Load (kg-ha™) | 1,284 | 1,500 884 346 ] 1,765

Last 80 week Mass Load (kg-ha™) | 1,111 | 1,201 805 218 11,520

[0088] For each media type, the mesocosms were planted with local vegetation,
providing 3 replicates for each treatment. The vegetated Krasnozem and Red Mud mesocosms
contained two clumps of Swamp Foxtail Grass (Pennisetum alopecuroides) planted at opposite
corners, and the woody shrubs Bottlebrush (Callistemon pachyphyllus) and Thymeleaf Honey-
myrtle (Melaleuca thymifolia) planted at the remaining corners. Knobby Clubrush (Ficinia
nodosa) was planted in the center. The K20 treatment was duplicated without vegetation to

compare its responses to the same treatment with vegetation. Instead of P. alopecuroides, the
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1.1to 1.6 ng-L 1 TN, as shown in Table 2 : Table 2 :

Ef fl uent and Stormwater | oading characteristics, flow
waweioght®os concentrations (ng-1 1), and mass | oBCEUS2009/040844

(kg-ha 1), total experinent and 80-81-week peri ods.

[0088] For each nedia type, the nesocosns were planted

with | ocal veget ation, providing 3 replicat es for each

t ment . et afed Krasnozem and Red
newer W B Biits GRS we AP LoBTo S Pole e figgplanted a
(Penni set um al opecur oi des) planted at opposite
one corpeyy Weh I M. dhvnifdies Rlased atsthe td5RaiB6E cPBISH 386 I cadasy $laafadrin the

pachyphyl | us) and Thynel eaf Honeynyrtle {Mel al euca
center. tAllymesagbsray wptcamvedd bty atdreval emébri. Agmodmeper s.  Knobby
Cl ubrush {Ficinia nodosa) was planted in the center.

[0089] The KRGt bRabeEdctdatindliupht tigdeRativh syedths WiE SleBids@BlisHed plants
conmpar e its responses to the sane treatnent with

and long A& R tBfes dafl ﬁb}(ﬁ@@e Ker Ebmﬁb@pe GHE V& rer SRR 9mrtot\é\zr Rtrogen

reat ments contai ned tMD C. apressa at opposit

(TN) reﬁeﬂpgﬁyﬁ'@fs (I)Ilngwag[ % Y atre H on ) I%Ialﬁm ggg %&%glepﬁannn gat perform

nodosa pI anted in the center. Al nesocosnms were
Weﬂforc%%?réae BY1%2- gravel nulch 2.5 cmdeep. [0089] It has
al so been determ ned that bioretention systenms with
[0090] wel | - Beplédarddshnslangslioamisogendetcoimen ¢aatberachigred, iwrthsovgaabout 70%,
provi de over about 70% and even over about 90%t ot al
even oviet aloug 800 o(didNplvice hérdgen IN Ok omteation fivat @srmwdiers TN
retention is enhanced by dense planti ngs that perform

[0091] Wel | FRlurddWaran8Bb gkhRatly 9roschQROBE RaRY HRRIRHON oflnﬂow and
findi ngs on nit rogen retention can %e achieved, wth

outilow, C}égxﬁjn ?l'gen% on’ r om s @El?r?\%t%g% %?3%%1?&%¥ugggérgﬁ@&§gnmem
eGP ALK AL L FOUECE kAP Wl o

K20nv, and K20 treatnents over the experinent.
they wegemitied fonelpaty. ﬁecwsa&Om@emtwanwlsdo@qawtlﬁﬁfﬁcgve their

over |l apped with those di splayed, so
data was not collected after the first 81 weeks.

[0092] TN retention from wastewater when the plants were most established was as high
as 63% in restricted WTR-K treatment, with the lowest retention being 43% found in the WTR30
treatments. In contrast to vegetated treatments, TN removal by barren media was less than 7%.
NOx retention ranged from 72% to 45% in the vegetated treatments, while the barren treatment
exported 72%. During the final stormwater run, TN retention ranged from -34% to 60%, while
NOx retention ranged from 3% to 84%. The NOx and TN retention in the non-restricted
treatment was the lowest, and was significantly lower than the corresponding controlled
treatment, which was the highest. This documented the importance of retention time on

improving N retention. In contrast to the vegetated treatments, TN and NOy were exported from
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they were omtted for clarity. Because K20nv

treatnments eventual ly becane ineffective, their data
wor®ngocol | ected after the first 8 1 weeks. PODO2I00FIN0844

retention fromwastewater when the plants were nost

established was as high as 63%in restricted WIR-K

treatnment, with the | owest retention being 43% f ound

in the O treatnments. In contr to vegetate

the bari g5 ERah PR TEHDUSIVDy ST BN b o TG gfreatments
7% NOX retention ranged from 72%to 45%in the )

substan(jeljeeeededinraiaetad kgt URipiq rates hr Maugeesting gt aetrification also
exported 72% During the final stormwater run, TN

contributet @rfN cemo auh gelilofetammon 848mtents60% whil e NOx retenti on
ranged from3%to 84% The NOx and TN retention in the

[0093] non- I Bailtlidr CbREkmiihe BtV obREvdtidas| p@stSa demdnaiSed how the barren
significantly | ower than the corresponding controlled

e S8 e A0S0, B 0PRSS, i
qnt r S{

retentio\llll\gl} gle ev)?é% 2 egifjr%gttrngeﬁl%%\gagsgst g%tglgtia%l{ @X%tﬁ{lt%cglulg\lﬁea régate'}lq)r(eatments was

. stormwater runs. Cunul ative TN retentipn by vegetated
partioulgg Sy HEH S heuBePs ﬁP’il%l‘ﬂFr?/“%B@@égd‘é 5 PP eCyrate the ApEmwater runs,
uptake rates for N, suggesting that denitrif cation
where caitfiyv eoneenirgisme sveronceryradaplaweri dhpsedrande pagessted that mass
treatments. [0093] Further confirmng previous
removabtgeganatdllgrasonktagiantouns rogndiost ofan@aly bonechiratidmar fiethis process,
treatnents al ways | eached hi gher concentrati ons O NOx

small iffRWRAGLH Wil b RedcBd hRWSitioMiclyembEXhACla8: 16¥As.| Thésk@bservations

vegetated treatnents was substantial. X retention by
sow SRR AL TR R0 A G SO B cven

bel (ﬁtor ter runs, where outflow concentrations were
CoOWheldlr'y-a 1 og | ower. These trends suggested that mass
was generally a constant anount, regardl ess of

r enoval g
[0094] i nf | olir caEre thaNGnEesultsy Figiire S deypeusirated that| TN wis efgined by
| oads will be reduced proportionately nore than | arger
even th¢ badsn tréhbresigs, cilsermadh lossscfEhbvely banparhe td vesgtate@itteitments. As
were occasional |y capable of discharging NOx
noted irCHB CRIITNO,Q fiEe wgetated treatments performed better at inflow concentrations
below 2.5 mg-I"", but the reductions were not as great as that observed for NO,. However,
relative TN retention performance at the higher effluent loading concentrations was better than
that observed for NOy. These data suggest a relatively uniform mass removal process in which
smaller inflow loads will be proportionately reduced more than larger inflow loads. These

systems were capable of discharging TN concentrations below 0.5 mg-1".

[0095] Table 3 presents the N retention response of the mature treatments.
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below 0.1 ng-1 1 . [0094] In contrast to the NOx

results, Figure 5b denponstrated that TN was retai ned
wh00iz930¢ he barren treatnents, al beit nmuch | eB&I/US2009/040844

effectively conpared to vegetated treatnents. As noted

in the case of NOx, the vegetated treatnents perforned

better at inflow concentrations below 2.5 ng-1 1, but

eductlo were t .Aas at obser 0

Tablgdy Regiion o Rirditer Saaemimel Sokrtens dtngfiie g 2008k 2009

hi gher effl(lﬁ%'ll?‘f‘ I%Q&%ﬁf"&%ﬁﬂf‘%‘ﬁ%re\ﬂﬁge@etter t han

t hat observed for These datga suggest a rglatively

uni form mass renovd Nnrd@pﬁmudea WhTetal sitragérer | | nf | ow

| oads wi | | f‘fgatB’F’Bb rt)onat ey sefuced mope thpn | arger

inflow | o

di schar gi ng TNn ent Fat i ons be| o 5 ng-1 .

[ 0095] Tabl e %p? @dent 464 he N ref enffbn respohse of

t he maturetre s. Téhl e @% Ret éAti o8t Nitrogen

i des and TNKTGHQ |Juent 68 0adf%y, Au%94 200@-"@]aF 2009

(kg-ha 1 and pe'l‘é@e agedof |4 o & r '8 npd) .

Ni trogen Oxi dRM@Btlal NP4 r ogEle Tl eatlPent 80@d| ' er cent

Load 'ercent IR¥IQW 22172382 433t ake 160 169%2p 66 70%

171 55% K1OMORGEr 70% 184 498%%44D 864651% 688 b1% RVD6

64 71% 154 608 RMLQ 7218B% 1464 5§ % 208 45%
WTR30 106 52% 217 43%

[0096] Over the first 81 weeks, cumulative NOy retention in the krasnozem and red mud
treatments was as high as 49%, even with an average inflow concentration of 4.4 mg-1". Over
the last 80 weeks, cumulative NOy retention in the WTR treatments of the same age approached
47%, even with an average inflow concentration of 4.1 mg-1"".

[0097] It was also determined that N retention was much less variable in the new WTR
treatments with much lower coefficient of variability in permeability. While the permeabilities
of the non-restricted WTR-K nr treatments were not measured as they always exceeded the
maximum inflow rates of 40 cm-h™', these treatments were remarkably consistent in terms of
retention. These free discharge treatments discharged 49% more NOy and 47% more TN
compared to the corresponding WTR-K treatments.

[0098] Further confirming previous observations, Figure 6a demonstrated how the non-
restricted WTR-Knr treatments nearly always leached higher concentrations of NOy compared to
the corresponding WTR-K treatments. Figure 6b demonstrated how the non-restricted WTR-Knr
treatments nearly always leached higher concentrations of TN compared to the corresponding

WTR-K treatments.
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WR-Knr 82 63% 141 63% WIR-K 122 45% 208 45% WIR30 106
52% 217 43% [ 0096] Over the first 81 weeks, cunul ative
wodoInzent i on in the krasnozem and red nud trREE/HBIWS040844

was as high as 49% even wth an average inflow
concentration of 4.4 ng-1 1. Over the | ast 80 weeks,
curmul ative NOXx retention in the WIR treatnents of the

same e pr oache 0 Y ith an. average infl ow
10099] ¢ e NERIET O BE U 19 2ugp Aparis oo refene one e et avefage
determ ned that N retention was nuch |ess variable in
saturatedhay dpelic parlucteity pmedia vicem crepeh 20 dighies paydionr By wgetagsd
variability in pernmeability. While the perneabilities
treatmeofs. flhescrrates mest rapel fod makRakKthat cantaeat swehtdighepacantdge of fine
nmeasured as they al ways exceeded the maxi mum i nfl ow

material. alt 88s BEerddt& it dlthatithig $esH tagoth iEsah peivt Corfoe 8B4 Kablaid even
consistent in ternms of retention. These free discharge

more thhh 528 BERbR ﬁsialss‘,: Al %%eﬂ%%iﬁﬁ%o%\i}% nd tﬁg\:{é"g%?ge% t%%%ngl%lﬁts as they

conpared to the correspondi %>treat
t he onfirm,n r.evi oys .o rvations, Figure 6a
matured, O S R B R P D PR B R e s Frng showed o
. .nhearly always | eached hi gher concentrations O NOx
d“mnngﬁﬁﬁéﬂ%ﬁﬁﬁ%m%ﬁ@ag%fresponding WR-K treatments. Figure
6b denonstrated how the non-restricted WR-Knr
[00100} r eat rbwtsspioatirel gpnelugigy shat wclystidmmifghepreseon dvnniien ¢apriteat
of TN conpared to the correspondi ng WR-K
considctabdaitunefilis a [gDQRAPkritd netimk] iyicluddigrgnafpfrom Kofthahdn#@sity rainfall
fine material by volune, the average saturated
events. hydraul i c conductivity of nedia 5 can exceed 20 inches
per hour in vegetated treatnents. These rates were

100101127 et Roa T B pRaclaFLorROTA (T 868 By artuen g rresand
extend %ﬂ%&igé giﬁlses.h b%ﬂetrs ?Itl gcctop(%tncec SR f?liveslgtiofn%erg 5 ea/ueal%rze effective
flow rates, while still passing substantial flows without overflow. The systems were also able to
extend retention time during low flows.

[00102] N retention in one treatment with no outlet controls was significantly lower than
the corresponding controlled treatment, demonstrating how the increased retention time provided
by the outlet improves N retention.

[00103] The findings demonstrate that considerable NOy and TN retention can occur in
even rapidly draining bioretention systems, and that the presence of vegetation significantly
increases retention. As a result of both plant uptake and denitrification, substantial TN retention
can also be obtained in bioretention systems. At stormwater concentrations, NOy retention was

as high as 95%, discharging at concentrations approaching the experimental detection limit. TN

retention of stormwater in the older krasnozem treatments ranged from 66% to 80%.
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nore than two or nore years, and showed an i nproving
trend in the vegetated treatnents as they matured. In
wW@wnzevq unvegetated treatnents typically haR€I/Usz89/040844
than half this rate, and showed a declining trend in
infiltration rates. [00100] This supports a concl usion
that the system of the present invention can treat
) consi derabl e runoff in a, give eriod. of tinme, .
Dischargiigrh 4l AXETP ST SHFGRN 85 LV £} R i lonti §82ETth¢ lqvyer limit for TN
events. [00101] Systens of the present invention have
concentggins SPogyiotptgntion sy tems. dMe bevarglwvdacamented et éngreasmg retention
retention tinmes. Qutlets in accordance with the
time willsulestanteHy wep®vabbth NO, agliEiNirgtentadr, ectréagmgfrbtomtioradrelsstormwater
while still passing substantial flows w thout

by up tO¥®Hah@WR% g esiiedlgns were al so able to extend
retention time during |low flows. [00102] N retention

[00104j n On?igﬂlfeeﬁﬁf&%#ts Mﬂrﬁﬁﬂa{é%ﬁuéﬂ L4 SRR R of t{@Brasnozem P retention
significantly |l ower than the Corresponding controlle
{ { t ' h t ' tent | .
responsel: SEUTF e By HE S By de IS A SRR T el 3R R showing
[00103] The findings_denonstrate that consi derabl e NOx
the Veggﬁfacji’ %msmeah&r%we@én Tg% ol spurery Spruyaferdiag #idge cffluent
_ bioretention systens, and that the presence of
loadingraiseis shdvonasthg i 80i rogdht lige,iwlileghs desined eeyirdnorentahsriterion is shown
result of both plant uptake and denitrification,
as the 005hag-antinal TANKPedemédtaantoeds iatapabloef aletangithis driteria in any run,
bi oretention systens. At stormwater concentrations,

while tH¥Qegb @8I caBSntad hEB temeS s FitGRNAMGITME Adrmwater runs and
concentrations approaching the experinental detection

the K1 -jl(mrgatm-gm \Kfe?st a%@é f.o%eeqfin ﬁéa? . rtrjaﬁs. Ohge% is a reduction of at
Ias g rom /g to

nozemtreatnents range

80% DI schar gi at an average concentration as |ow as
la“t9odg§§‘ -Taﬁgo%ﬁhgfugﬁggests a lower linmt for TN

concentrations frombi oretention systens. W have al so

[00105yocunBirues® pieagnts ﬂéﬁ@a@iffﬁguewaﬁ&tn%wqm Fretegitiop responses of the red
substantially inprove both NOx and TN retenti on,

mud an{l N¢TR ashmgentsetveith Fignreat(d) soonmywit eed mud treatments, and Figure 8(b)

showing the WTR treatments. The red mud treatments were able to meet the 0.05 mg-1"
criterion in over half the stormwater runs. There was a reduction over 90% in all effluent
loading runs. The WTR treatments were able to meet the 0.05 mg-1"' criterion in all the
stormwater runs. The WTR30 treatment was able to meet this criterion in over half of the
effluent loading runs. There was a reduction over 98% in all effluent loading runs. Table 4

summarizes the results of the experiments.
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by up to 80% and 48% respectively.

[00104] Figure 7

presents cunul ate frequency distribution of the

wohemsnzgem P retention responses;
showi ng the unvegetated K20nv treatnent,
6(b) showi ng the vegetated krasnozem treatnents.
threshol d between stormat er

| oadi ng_ runs s th
t he degﬁ%ea‘* A eptima BEspor
0.05 ng-1 %1ﬁea“¢ﬂ€r%ﬁ@ﬁW‘{ﬂ QW

nmeeting this criteria in
K20 treat ment T
the stornmuat eg

W th Fi gure FCHYS2009/040844
and Figure

The

runs and the effluent

qmsgﬁ?faggq 1-3yeshypesiodt e
od xetainede apapl e of

ny run, while the vegetated
geoad t hiPereeptteria in hal f

runs arfdret RewkKbkO- 40 treat nent was abl e

to neet
reducti on of at
runs.

in nearly allIn8twof miedBér runs.
| eastptoBeqi n 14l |
[ 00105] Fi gur e KZ0py ¢ser78 cunul7te frequency

There is a
ef fl uent | oadi ng

distribution P retenti 8RO Jespéhses ofdd9whe red nud and

WR treatnents ; w tK10#Q
treatnments, and Fi gur eK&Q
treatnents. The red rRIMO08
the 0.05 ng-1 1 crit eRMoD

re 180a) showikng the red nud
D) sisew ng BB WIR

eatmoent s wee® able to neet

i n ager halob%t he st or mnat er

runs.

There was a reduGkt amwaxiesr 90% 1 n al

ef fl uent

| oadi ng runs. The WRhiihe
0.05 ng-1 1 criteriodptake
W'R30 treat ment wasveRikarl
over half of the ef f\wgam

tAents were able to nmeet the
Il 2be stormmater runs. The
o nggt thigsgriterion in

| oadgng runsy, There was a

reducti on over 98% i\WTRBO

ef f hpent | @adi ng runs. Tabl e

4 summari zes the results of the experinents. Table 4 :

[001 061?et e nMeﬁﬁl RfacQrlifiRe %ﬁlsé?ﬁ'@&d‘ﬁn?ﬁg o Bthe WRRkA PSR Eélﬁgﬁed to retain

and per cent age of

oW

Per cent

substant1al quantltles Jf phosp orus, €vén at

om1 oad retai ned

1scharge concentra?lons U]ge ?’o 92% even 99%

total dissolved phosphorus (DP) removal from stormwater can be achieved in these systems after

over a decade and even three decade’s worth of stormwater loads.

[00107]

By way of example, after 80 weeks of loading with wastewater loads, the media

in accordance with an embodiment of the invention can show DP retention from wastewater of

over 88% and even 99%.

[00108]

The results also show that P retention by barren krasnozem media eventually

becomes exhausted under long term loads. Improved media will delay this inevitable P

saturation, but vegetation can be desirable, both for uptake and for its effect upon extending P

sorption capacity. Even at inflow concentrations less than 0.40 mg-1"

, substantial retention of P

in stormwater persisted past two decades worth of stormwater loads in all media tested. The

media did not show saturation in the K40 and WTR treatments, with an irreducible concentration
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Upt ake 101 K20nv 276 79% K20 136 89% K10/40 110 91%

K40 156 88% RMD6 100 92% RMLO 55 96% Inflnw 1 111
WQR0ak294020 WIR- Knr 55 95% WIR- K 16 99% WIR30 RQI/0S2¢)9/040844

[00106] Media in accordance with enbodi ments of the

i nvention continued to retain substantial quantities

of phosphorus, even at IOM/discharge concentrations

92%, n 99% total djssol ved hor us )
as low L OTRER 1St B ALY ey etsah T ey B GOl HofRueEr. This shows
systens after over a decade and even three decade's
that medigrip pccordagc pithdbemnveinacan rabiee Pllosly figay stermugighpidwastewater.
after 80 weeks of |oading with wastewater |oads, the
[00109edi aThereacsartctad ¢ewand tdacraasiegrD octememtas ¢ acctigulated and the media
i nvention can show DP retention from wast ewat er of

becameQN&E s&BbatanN DRI Hand, PLO8D I IdRhE R34 BadlvaOre3diOM in systems
that P retention by barren krasnozem nedi a event ual | y

with th@@%pﬁéatﬁ?éﬂ%ﬁﬁﬁﬂs URdeferd QA h? “[1@':1)!1 AAdEentibABERYEHnce over time.

dia wl ay this inevitab

[00110] These results show that these amendments not only substantially improve P
retention in bioretention systems; they also extend the usable life of the systems. Furthermore,
these amendments can be both inexpensive and widely available.

[00111] The hydraulic experiments showed that very high saturated hydraulic
conductivities can be obtained even with media containing very high proportions of clay
minerals. In several treatments, there was a broad range of conductivities between replicates. To
respond to these variations, an innovative outlet configuration was developed to retain flows to
provide nearly identical responses. Not only did this configuration equalize flows compared to
free discharge systems, they showed that the system responses can be tailored to the needs of the
design. In locations where extensive treatment provided by extended detention is needed, the
outlet can be configured accordingly. On the other hand, in an ultra-urban setting where systems
are designed to filter high rates of flow, the outlets can be configured to retain small flows, while
still treating even large events through the media, thus avoiding bypass flows. This greatly
improves retention of sediments, metals and oil and grease. Furthermore, as sediments
accumulate on the surface and reduce the effective rate, the outlets can be adjusted to improve
rates. This capability for adaptive management is an emerging trend in the design of stormwater

controls.
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saturation, but vegetation can be desirable, both for
uptake and for its effect upon extending P sorption

W@ apagruye Even at inflow concentrations | ess PEEROSDOHEI0844
ng-1 1, substantial retention of P in stormater
persi sted past two decades worth of stormmater | oads
in all nedia tested. The nedia did not show saturation

in th W'R tre tnents, n irreduci
(001121016 0o DR BRG b &b Tpei Mteh Rty as Sibdiahges from water
strictest discharge criteria for stormnater. This
flowinggRig\iBe sHHAM Hethcardancoar it Fied ARt AN ERMBDIS AR tEbiECAtRANt
reduce P | oads from stormvat er and wastewater. [00109]
chambeThempriviag side twadlsd todtear chddamcnkasit mgn Paveett &rast @w rafsntion layer
accunmul ated and the nedi a becane npbre saturated. On

compridifia giclRIfoRmilbicd ¥ Hos R Ofctdnbien,tobirisigla@ 8dstws of water
retained in systens with the water treatnent

treatmeﬁ@r%%ﬂﬂﬁh Sed ﬁfﬂlq feﬁ% di’@sana 11'89 ok 'éﬁﬁ)rgnurﬂ LNt {V‘Ptﬁln the water

per ornance over tine. [ 10] These results show

treatrnent (i%an{bl On e rﬁ: 661{]18”? glm)? Eon%@ § eﬁ%ﬁ@g :W% t | al ls%le é Qig C}le systern can
th | jf f th t . Furth

have anaﬁ%%r&lffsafﬂag %%wiafg fadit §V<§1H§1>@§> N@WS@?{? W [?éqitywer about 36 cubic
avai | able. [001 11& The hydraul i c experinments showed

feet as g depth okl fechinghipdiad by shaearchgttha dilratiopdmbuctar Wped. es can
be obtai ned even with medi a containing very high

[00113]pr opoRystansinciccaldaycawite thalisvention s@viesvala drii@agantepérainder
there was a broad range of conductivities between

retentioh $8)ck, GAH B8 cod@rucRIRAD bRy $8at \iltdratch RAShrodEh the retention layer
i nnovati ve outl et conflguratlon was devel oped to

can be @Ie@ﬂgn lbg Iﬂgﬁ\'%altng%e%}@ye lerneghi nX%é %@ g;} Igagllebeglﬁﬁgpfﬂ% et and

s‘contiguratio

. C ared t. e. dIS harge s ns, the t hat
rotentiof PR ey G aﬁﬁm Eritied T35 Sn B R i are RO Bt be trared
t he desi In [ ocati ons where extensive treatnment
can flow figg dedn fytf@sz%ﬂa@ sctestodycs o the dadpeecsysteme Tdgtdraipage system
can be configured accordingly. On the other hand, in
can be @mstuhdtedatoutitzanwstet thanppswidethmugh mean@naomlade]sdngﬁéd of the water
filter high rates of flow, the outlets can be
treatmefOddalhpyr.ed to retain small flows, while still treating
even | arge events through the nedia, thus avoiding
[00114PYPaSFhE tQMRion The? &l B@hYe effective to treat a depth at least of over about 12,
preferably over about 24 and more preferably over about 36 inches of water passing through the
layer within 24 hours, such water having a nitrogen content of at least about 0.50 mg-1", and/or a
phosphorus content of at least about 0.30 mg-1"" and reducing that nitrogen content by at least
about 40%, preferably about 80% and/or reducing the phosphorus content by at least about 90%,

preferably about 95%. The retention layer can reduce that nitrogen content by at least about 40%

and/or reduce the phosphorus content by at least about 90%.
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i nproves retention of sedinents, netals and oil and

grease. Furthernore, as sedinents accunul ate on the
wapazeo@and reduce the effective rate, the ourdBUS2008040844

be adjusted to inprove rates. This capability for

adaptive managenent is an energing trend in the design

of stormnater controls.[001 12] As descri bed above, a

wat er _tre m f or in ubst anc from

[00115}iay or THF BRING PROH I HEXEYA0E BRATIG AL 1 HANGE Gt FEHacable t
i nvention can conprise a water treatnent chanber

water flograpdithq brjtosn Barmgabledo wates Sloport ahtheghamhereThe draipgge system can
have at | east one retention |ayer conprising a nedia

comprisfecr matn artkef di onagehosgsliobassatrietseond afwhiclo oyptendsi thgugh and out of the
| east one of water treatnment residuals, red nud, red

water trgMpRUMthaddbdr bR rdhatk WAThNUMGW c6htrd @hdcBanikrh hiMAat M&chanism can be
wat er treatnent chanber, the retention |ayer

construBt€d hﬁd ARaR LR ﬁﬁ%hﬂ'&ll‘ﬁ)@&ﬁﬂa‘cg EM&VO 6f va‘Jef"‘ but oF iR v%(t%f £8tment

can have an area of | east 36 square eet a vol une

chambeg a‘wﬁ?wn ﬁ’a oy r?tg% tln R‘lﬂpp aoﬁlttg Veglgr/lre§ere eag gf Petr ‘rﬁlg{)v?nezg through the
Itrat on | ayer, hour [001 13] Syste
filration st b S-tpE I HBPH YR GRS RoEA ARS 5}2&%@%111 responsc to
| ayer under retention |ayer, and be constructed and
changesinrethgetedis andiar soainératipe aatesd andfpoehgihgeshie requidtdissharge
| ayer can be collected by the drai nage system The
criteria.dTht flageosysitrasnhaammian hades tubbecdenling wated fioat thotiaam treatment
| ayer, and within a drainage |ayer, constructed and

chambeR i AR REnuridddbn WehtGEast @ B ahd 83LQRd %@ﬂetfdgeﬁvng,rtﬁmsédaﬁd outlet
inlet, through the retention |ayer to the drai nage

opemn%]lyossgt?o@ed Ipa@hé:l%lﬁa ABBUEN gfg[?lglr)ﬁﬁg rf}' p%? oG LA %%8{ tlfa? at 2 first

ect water passe ou he retent
the er tr tnent ch 001 ﬁ,
pressurf Yy U vk e HE o o0 i P Bne BEDT bl & SrrRBde lcaeé@f/ﬁﬂgher
at |least of over about 12, preferably over about 24
P“ﬂﬁﬂ%ﬁﬂﬂﬁﬁwgbe%P@Kﬁ@Pﬂl Qlet OREIES- 36 i nches of wat er
passi ng through the |ayer within 24 hours, such water
[00116havi nghes, mihile digpee hoariticemtshafn atd deashbcdadnd poirdedb@utmgvd features
1, and/or a
of embodiments of the present invention, it will be understood that various omissions and
substitutions and changes in the form and details of the disclosed invention may be made by
those skilled in the art without departing from the spirit of the invention.
[00117] It is also to be understood that the following claims are intended to cover all of the

generic and specific features of the invention herein described and all statements of the scope of

the invention which, as a matter of language, might be said to fall therebetween.
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phosphorus content of at |east about 0.30 ng-1 1 and

reduci ng that nitrogen content by at |east about 40%
wee@barehd y about 80% and/ or reduci ng the phosptibDsz)09/040844

content by at | east about 90% preferably about 95%

The retention |layer can reduce that nitrogen content

by at | east about 40% and/or reduce the phosphorus

content by at |east about 90% [ 001 15] The walls of

t he water treatnent changﬁ%%@ag be substantially

I npernmeable to water flo he bottom perneable to

wat er flow out of the chanber. The drai nage system can

BAIRTIIS CIAIMEDORK of drai nage pi pes/tubes, at | east

one of which extends through and out of the water

treatnment chanber and termnates with a flow contro

mechahi sm AThattr theathaiti sgsredebr Renovanpsdubstatieed fi@ndwater flowing

arranged to automatically regulate the flow of water

into theQyte@f cdhifris@.er treatnent chanber at different flow
rates, in proportion to the pressure head of water

f1ow ngagll E[I%Htg&n{ n?t;elr EBﬁ{nlrl%Fg %i]ﬁ%\%rags -Bmoﬁtoﬁﬂ{hdpa%rim&;

adapt I ve nanagenen 0 con ynam cs I n

response to changes.in either. nmedi g. and/ or il

|t 1| ErIges BRE FRTEGN 14HE FURPCTAG S5 T OMRUAIcR def Phosphorus

~discharge criteria. The flow control nechani sm can )

retentiof ggpanpyistigyd leastenoafmpteidtcarment sepidusls, odtrapd, redgxnyafy and iron or

chanber in fluid communication to at least a first and
aluminem-sebooids withinghe wpenimgmenhehagbentits wientiet laypepasitgned to receive

positioned at a hei ght above the height of the first
water fiodi thetinlepeni ng so that at a first pressure, water wl|

flow out the |ower outlet opening only, but at a

secon af .G i : oy M
g dﬁd!ilﬁé{?e gzbtﬁzp Lhder MAORENBR Faéfgff %%s]tﬁﬁ@ﬁeﬁ anél"'av\%qr%ullgeeld%Wthat water

out of bot | et openi ngs. Thus,

her ayv een sho and, descri bed and poi nted out
wested SR HETarP R Ty S n R o8 e Fa AR
invention,. it will be understood that variou

om solEARHP FHBEYIGG 15 RY LR TERANYLE Fnodd itk grafiainage
and details of the disclosed invention may be nmade by
layer, consrzeted ki peenged s et avater g bheatedlegpallaw frignt the mleththrough the
spirit of the invention. [001 17] It is also to be
retentiod hger 81 thodrdilaf systemf ol | owi ng clains are intended to
cover all of the
the drainage system constructed to direct water that passed through the retention
layer outside of the water treatment chamber; and
the retention layer effective to treat a depth at least of over 24 inches of water
passing through the layer within 24 hours, such water having a nitrogen content of at least 0.50

mg-1" or a phosphorus content of at least 0.30 mg-1"' and reducing that nitrogen content by at

least 40% or reducing the phosphorus content by at least 90%.

2. The system of claim 1, wherein the retention layer is at least 12 inches

thick.
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generic and specific features of the invention herein
descri bed and all statenents of the scope of the
WO pasentd4on which, as a matter of |anguage, mnm ghCT/B82009/040844
said to fall therebetween. CLAIM5S WHAT IS CLAI MED | S:
1. A water treatnent system for renoving substances
fromwater flowng into the system conprising: a
water trea nt chapber conpri si sj de l1s, a
bot ¢ oth and TERSYSHIBoT S | SuBireBrBe paketh{oejesyBpment chamber
conprising a nedia formul ated for phosphorus
are subgtgitiaHy jipcrmeablsrte siatey flat and4Be bestran sfpoiedic for wateron out of the
residuals, red nmud, red gypsum and iron or
chambeal um numrich soils within the water treatnent
chanber, the retention | ayer positioned to receive
water fromthe inlet; a drainage |ayer under the
retention layer, constructed and arranged so that
wat er 41 r eaThedsyshonoufjtlainh &, wieireintthodralnaye systam cdreprises a network
coll ected by a drainage system the drainage system

of draindPéiibed, Relch floBb 0B R idhekemts ﬂﬁo@a%&ou@ﬁﬁth%alﬂérmre@tment chamber
drai nage | ayer, constructed and arranged so that water

: f . i nl .
and terr{n(?ltagg t\x}l{heaaﬁ(?\g c&ﬁ{fbol I‘J%G%}e%lggtﬁ %ﬁﬂﬁc{ee at'ﬁé arr ﬁeg%g Quﬁoﬂﬁggally

retention | ayer ral nage system drai na

system construct to direct water, that.passed through
rogulot R TR, e 8 e e B b ieREE Someles
chanber; and the retention |ayer effective to treat a
proportiga e thegiressaiedicad pf wetsr flowingfbinugh e fldpten xesi ng
through the layer within 24 hours, such water having a
nitrogen content of at least 0.50 ng-1 1 or a
phosphorus content of at least 0.30 ng-1 1 and ,
reducdng t hhe systan efelaine drvieareiniile How centsel m@dmpsm comprises a
reduci ng the phosphorus content by at |east 90%
tube receiving water from the water treatment chamber in fluid communication to at least a first

and a second outlet opening, the second outlet opening positioned at a height above the height of
the first outlet opening so that at a first pressure, water will flow out the lower outlet opening

only, but at a second sufficiently higher pressure, water will flow out of both outlet openings.

6. The system of claim 1, comprising media in the water treatment chamber
receiving water from the inlet and an effective amount and type of plant life growing in the

media to assist in the removal of nitrogen and/or phosphorus contaminants.

7. A method of treating water, comprising: forming a retention layer
comprising a media formulated for phosphorus retention, comprising at least one of water
treatment residuals, red mud, red gypsum, and iron or aluminum-rich soils; an inlet directing rain

water runoff or wastewater, such water having a nitrogen content of at least 0.50 mg-1"' or more

-38 -



2. The systemof claim1, wherein the retention |ayer

is at least 12 inches thick.3. The systemof claiml,
wob@paraos he wal | s of the water treatnent chanP@r/usz0e9/040844

substantially inperneable to water flow and the bottom

is perneable to water flow out of the chanber. 4. The

systen1of claim1l, wherein the drai nage system

n ubes, at | east one

or phosEiT ¢ ARG oY Bagimehy s Tar 0 RERAS B R Rterh R and
chanber and termnates with a flow control nechani sm

allowing dhesyatactodtpvadevay ardn feeughohe i teniay sreairedpce Etnitogen pentent by
fl ow of water out of the water treatnment chanber at

at least A0¥of amad eeduct tlovphespberus icontpntdpyoat 1¢asn9G%. t he pressure
head of water flow ng through the filtration |ayer. 5.
The system of claim4, wherein the flow contro
mechani sm conpri ses a tube receiving water fromthe
wat er 8t r eaThenicthold arflo i mi7n whetgirdthe eamwataatmadfiot wasdéwater has a
| east a first and a second outl et opening, the second

nitro ge@éﬁﬂt&{t 0P REBLNY. SI@Qﬁ% A1 eneph@bh@u 8babt oRRONEst o) MgiYtirecting
of the first outlet opening so that at a first

the wat%ﬁ? il?eul{ggeintlé\l?E 25% ‘eﬁ%% h%é\gﬁgg?éé\?f%gﬁ?ﬁyﬂcﬁ%ﬁﬁ 8\5‘}511rdg Elgﬁ&%r”h@ Betention
layer to\é\giu(%rg ﬁ]}V\% Fllt]éqf ggﬁ VI;%/PI%gItltéag{% ?qaéﬁhqpf hlég?itdggef) Tﬁlg Itpﬁgs%% I,content by at least
treatment chanber receiving water fromthe inlet and
90%. an effective ampunt and type of plant life growi ng in
the nmedia to assist in the renoval of nitrogen and/or
phosphorus contam nants. 7. A method of treating
water, conprising: formng a retention |aye
conpr Psi ngThe msthod of @laﬁnl7awédreﬂbrranpmt§pm¥n@§ted to the retention
retention conprising at |east one of water treatnent
1%@rﬁ@ﬁ$ﬁﬂﬁ&lﬁﬁmted mud, red gypsum and iron or
alum numrich soils; an inlet directing rain water
runoff or wastewater, such water having a nitrogen
content of at least 0.50 ng-1 1 or noreor phosphorus
cont emd. of Th¢ met@dtofQlad 709rhdreln ort drétdrt Plhntsree pALEH above the
to the retention | ayer; and

retention layer and assist in the processes that remove nitrogen and/or phosphorus from the

water.

11. A method of treating waste water, comprising directing onto a filtration
layer having an area of at least 36 square feet, a volume of waste water of at least 36 cubic feet
as a depth of 1 feet multiplied by the area of the filtration layer, per hour, the water containing
phosphorus and nitrogen, the filter layer comprising a media formulated for phosphorus
retention, comprising at least one of water treatment residuals, red mud, red gypsum, and/or iron
or aluminum-rich soils, allowing the water to pass through the media to reduce the nitrogen

content by at least 60% or reduce that phosphorus content by at least 90%.
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allowing the water to fl ow downwards through the
filter layer to reduce that nitrogen content by at
w0 emwst1280060 and reduce that phosphorus content BYT/HS2009/040844

| east 90% 8. The nethod of claim7, wherein the rain

wat er runoff or wastewater has a nitrogen content of

at least 0.50 ng-1 1 or a phosphorus content of at

| east 0. 30 -11 i recti the water to the

ot ent fon AAYREM ok FEH ek o AR s er 1o 11 ow

downwar ds through the retention |layer to reduce that,

ni t r ogEHCRioRtlaYRr cpRPEEing e radinpvmplataddgypleospherus retention,

phosphorus content by at |east 90% 9. The method of
comprissh@éeithe? watdn ércatinrent sisnluwlat red nusl, didrgypswed, drordnhg aluminum-rich

retention |ayer froma paved street. 10. The net hod of
soils; atdbat Bhe/draihsipEundc@ i flfer MB/ce cdilsBttsd afi®arPArl esddalovser away

the retention | ayer and assist in the processes that

from thE BOBME oP i Age Mv@pd/ or phosphorus fromthe water. 11.
A met hod of tredti'ng waste water, conprising directing

onto filtration |layer havj n area of at |east .36
squar e P i then Qhlctevfing e gptizy Signaciygie ot loast
first an%?e%lpg(ég;q%ﬁqgaslz@ ] fﬁieq%tg;r@t%{ic%@;e\%tghﬁél ld}%lg lp{pg? tét:g %egorr]l?i o%gneilallg ata
' contai ni ng phosphorus and nitrogen, the filter |ayer
height abowpicdirsigppaningdi a f or nul at ed for phosphor us
retention, conprising at |east one of water treatnent
residuals, red nmud, red gypsum and/or iron or
alum numrich soils, allowing the water to pass
t hr ough t h€heredian vbelpied U2 evitdnan tha figepenogns enfluidy at
| east 60% or reduce that phosphorus content by at
commuh®asdn ROl at tAc &l eid 604 cdrdant dndghyvadight, ofelePifst Spdndkig can be
a retention layer conprising a nedia fornul ated for

lecti 95% RIIUY SeREEI Alati P LhRURg ei ther water
Seec“& eaﬁ%en?ﬁ}esidua s,a}ed mud, red gypsum or iron or

alum numrich

14.  The system of claim 12, wherein the second opening is in fluid
communication with and at the distal end of a conduit, and the height of the second opening can
be selectively adjusted with respect to the height of the first opening by selectively moving the

conduit.

15.  The system of claim 12, wherein the height of the second opening is

substantially within or even above the height of the retention layer.

16.  The system of claim 12, wherein the retention layer comprises a layer of
soil over a layer comprising a media formulated for phosphorus retention, comprising at least

one of water treatment residuals, red mud, red gypsum, or iron or aluminum-rich soils, and an
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soils; at |east one drain pipe under the filter |ayer
constructed and arranged to draw water away fromthe
whoiwomiod the filter [ayer; the drain pipe exPEntibr09/040844
to an outlet system the outlet systemincluding at
| east first and second openings in fluid communication
with the drain pipe, the second opening at a height
above the first opening. 13. The systemof claim 12,
' . . : O Lui o . '
offctiviieBh bl g 4 i SR HMng BrEricalt b BORTH I RbKR nitrogen

and/or ﬂaﬁk s ObontAinkiith ?ﬂonpﬂﬂg Wa@, aﬁﬁlﬂh@ﬁﬁgﬁj SGhd é’e%&ﬁ/d %I?en_ilpl'%eis within

ted by selectively rotating t condurt. 1

or abov8 Yi&l 18Per@f nfddgd. m 12, wherein the second opening is in
fluid conmunication with and at the distal end of a
conduit, and the height of the second opening can be
selectively adjusted with respect to the height of the
first opening by selectively noving the conduit. 15.
The system of claim 12, wherein the height of the
second opening is substantially within or even above
the height of the retention |ayer. 16. The system of
claim 12, wherein the retention |ayer conprises a
| ayer of soil over a layer conprising a nedia
fornmul ated for phosphorus retention, conprising at
| east one of water treatment residuals, red nud, red
gypsum or iron or alumnumrich soils, and
aneffective anobunt and type of plant [ife growng in
the nmedia, to assist in the renoval nitrogen and/ or
phosphorus contam nants fromthe water, and the hei ght
of the second opening is within or above the |ayer of
medi a.
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