WO 2009/ 129406PCT/ US2009/ 040844 BI ORETENTI ON SYSTEM AND METHOD CROSS
REFERENCE TO RELATED APPLI CATI ONS [001] This application clainms the

benefit of_ Ll Provi si onal Patent Application Serial 4 6,
filed Apriwgfg‘,”’“i%%, titled "Bl ORETENTI ON SYSTEM AND D%ﬁ%@%?’%?%ﬁ?
al so Serial No. 61/149, 175, filed February 2, 2009. The entire
contents of these are incorporated herein by reference. BACKGROUND OF
THE INVENTION [2] The invention relates generally to a systemfor
treating effluent cont BIGRETENTIONNYRIEMANDNMETHOI pol | ut ants.
More specifically, the invention relates to a system and net hod for
removi ng excess phosphorous (P) and nitrogen (N), such as dissolved P
and N in the form dTROSHREFERMNCETQ REIA TERAPRIIEA BIONSwWat er and
ot her polluted wastewater effluent. The invention also relates to

i mpr ove@Ohledi a f dihisl appljeatien maphobp henefis of 8 SeProvisionalPalxing Applkdatipp Berial
systens and an inproved outlet for pronoting nitrogen retention. [3]
Bi or et exib.i60/048566,.di1sd Abtilero, ROGS, tided ‘BIDRHETENTAONS K STEM tATD M ETHOD!” d4nd
be treated. The bottom of the basin is comopnly conposed of a porous
medi a tdpaf Sdrisl Rb. 1V R, 196} filed BERLAY ROZ009ATHE Bitire toiltetg bl tRasafsintdipordeh
the bioretention system particulate pollutants are renoved by
filtratiahn bPigaeheed phosphorus can be renoved fromthe effluent by
bi ol ogi cal processes of the system such as vegetative and m crobi al

bi omass uptake, as well as chem cal adsorption/precipitation
processes (herein referrgddilecROAND GETAR RS NTRINSOr ption), which
are effected by properties of the nedia. D ssolved nitrogen can al so
be renoved fromthe effluent by vegetative and m ¢robjal bionass

upt ake, (08 wel | d&eBrventing rekfesgengrabdp s itendor treatng gfflHgnt containing
denitrification, that eventually convert nitrogen into nitrogen gas.
WO 2009artigktamd Hivwaed pelowosy Morespegiicntly: the inverfionyelpesty haweryadn
docunmented as being cost-effective effluent managenent facilities for
st or mvanehod fonudnfoving exgessphefpherons(i) agd swdeene@)ssvahds diesdlved ftand dlimdhe
phosphorus and nitrogen. This can be particularly relevant in

wat er sheds of Pat Nramngolreisand imps,dtaeu stoymwattaand axtat pollagt wastdviatier afluent.
runoff to such an extent that they are the subject of what are

r ef er r eThetifveasiod alk@teldvetbd imdpiolded nydik eadorgHyEh phasphdras tefentiof in bioretention
nutrients. However, typical bioretention systens with sandy nedia and

free dis%@t@@_ﬁgﬁiiQih‘iﬂ(g%x&:d@ﬁﬁet'f&sﬁoﬁf)ﬁ@gﬁﬂru nfréentginssol ved ni trogen and
| ong term di ssol ved phosphorus renoval . thods to increase retention

of nutripgf)t Pol | whiABlRidOsyiRES oftMDinc L b 85diftoC@RtaREiht BRREARD be trBattdI®
design of "effluent managenent facilities, so they can nore
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manner. | ccordi ngly, I's a need I nprove ioretention

oyt B A e R b BB DB
t hod i.ded fqr. I h it f )
IR R TR TR AT TR

include a filtration nmedia having a coarse-textured mtri x_of .

pr ef er dBPSESiRe P thy SR SECh g VRELHIVE apSINGARIRNOMESy Upiaks fp weld as chemical

bl ended with organic material resistant to deconposition, such as
peat nosigorptivrdprdeipitatiogeraresseaiherpimreferred 19 peder thsisaigpory (o yarpiigy, which are
mat eri al anmendnent havi ng a hi gh phosphorous sorption capacity. The
coar se afetted ky propetticpnf thamediar Pifspbwd altwgen &0 also BOemIRed\Viinuthe cfficat
organic material can vary fromabout 10 to 20% by vol une, and the
fine frigotcsontianmddierobiatbiomdssuptdke oo vaddloas thidl@fiod oaskBStmayionspinghmingThe
coarse fraction conponent can include materials crushed to sand

parti cl@niynifcabh,ahat cPélAlyabhyerlhiBogcaahtb nAsses k@l i on (USGA) root zone
gradation of which at |east 60%is between a dianmeter of 1/25 inch



[7] The system can al se include an outlet system having a | ower
outlet, a pipe extending upward from proximate the | ower outlet, and
an upper owblzetv/eemaect ed to an upper distal end of thequvys20090hm314
outlets preferably extend residence tine for inproved nitrogen
renoval in the small water treatnent events, which conprise the

maj ority of annual runoff volunes. These outlets preferably al so
permt high flows.in |arger water .treatnent. event.s to ss. t hr.ough
Phe red0" hue " BitRepfigteRE b sebh B TERre i Pt s B ST Fied
events with nininql,b ass f|OMl|e&L untrefted.. %%# The ié%ten1cgn

f ur t her™§TRETLE fagiliies  stormyater npif i erghal ismoging Seimps pRdipiept pepnd
an anount sufficient to inprove biploqical upt ake and

t r ansf dhpehpBend girogey. | Thiscapdwiparticalerly releanbin walespheds thakhave begn The
system can al so provide the nedia, stone and outlet systemw thin a
uni t ar ymyegtedchvmban Frdéoregyewdinral zunoffife secbran extshtidiet theyt are the spbjsét of what
shrub and/or grasses. These should be in sufficient anpbunts to

i mpr oveard feéerfedlte paTotelMpriopery Raibsl aad T WIDLY catean forsutifeatse Havasemtypical
Preferably, a grate is provided above the nedia to protect the nedia
f rom t héoreehtidit systemp evitheasdy asdiam dsfrerdischitige olittetas ks \¢ffatioy for dissolvdie
grate preferably includes one or nore apertures to permt water to

ent er gio@ASRS long t@HCARBIved YHBsERAINY LAR4H6 REkh 442037408’ Ation of nutrient

[0010] Ot her objects and features of the present invention wll becone
appar enfo|iffafid ASet TIDL\WiRgia 48H B4 InffbrERSE HeRickiBh of SANS: %ﬁ%&gﬂeeﬁt

conjunction with the acconpanying draw ng figures. It t

IS
under s thcqgﬁfisP%V‘tﬁgféa?n. hdtatrd ﬁ/el?'rp%@e fl n‘?indaeﬁbrgzqggetpﬁdglﬁe%nﬁ.&f?crie he

pur pose o ustration and not "as a definition o mts of the

i nvent @ni for which reference should be nade to the appended cl ai ns.
BRI EF I PTI ON OF THE DRAW NGS [ 0011] The particul ar features and

d t f the i i | t her .obj ect ill b

SO 9053, O N <32 B iR pBESRE R
{ d i in which: [0012]FIG 1 i f t ti I

cEoTPYLY LG SR ey L MLER OIS L 1o 2 Tront sectional

invention; [0013]FIG 2 is a front sectional view of an outlet system
in accordance with an enbodi nent _of the invention: [0014]FIG 3 is a

front sectional view of a YHMMARY QR I INKENTION:cor dance with an

[006] A Dbioretention 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 coarsc 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



enbodi ment of the inventien; [0015]FIG 4 is a front sectional view
of an outlet systemin accordance with an enbodi nent of the

i nventi on; warndoReb6] FI G 5 shows in 5(a) and 5(b) nitragers2009/040844
concentration reduction due to vegetation by systens in accordance
wi th enbodi nents of the invention. [0017]FIG 6 shows in 5(a) and
5(b) nitrogen concentration reduction due to restricted outlets by

systens_in_accordance .w th enbodifents of the. inyentiqn 0018 7
Shows TR (I BRGE B s AR BT S PR bt o oA by ot G oo
systens. i.n accordance wth embodinents o he invention., WO )
2009/ 12 ﬁ@?ﬂ%@gwfm@%mw?@% 1r§l|ﬁfeemsgeihta9§§°qenﬂ%t—%eaf desppg, neutralized
phosphorus concentration reduction by red nud and WIR systens in
accor daftidussanth fremdgaxifraneecsyng. cashedircht stonThOESERE Forprettcan include
PREFERRED EMBCDI MENTS [ 0020] The invention is directed to a

bi or et eaeiti(ovronytdiusk, peat onpsehaassf dihe finpmatenigl phangdpisnt aas inchide rbyanuranat
ot her contam nants fromfluid effluent, such as wastewater and

st or mwat@rbased watestredhent sgssdueln( MR sirstdvoderaantrlized redemldayyprasiuctfrom
filtration nmedia. Sonme of the nedia can have a coarse-textured matrix
of pr efirocliyg beikite git@aleshirtiad) dedidyipbura by sraduws Fbor prodeysigoritifd iGlo@Ninium, or
This can be | ayered or blended with organic naterial resistant to

deconpasindn@ Rlunsikeh ridk nReAsoNN KEthaWUR QY prefefrbdRr bHagg hpRadfnscl ay-1i ke
mat eri al amendnent, such as one having a hi gh phosphorous sorption

capaci tpgyiThe COahs e, & EdvalloAALIOH G 48k b ATaAORULIBA | ipB0% bY

vol ume.” The organic material can vary from about I0 to 20% by  vol une.

The fi r&tefnﬁﬁlﬁtubgzgrdafp@ﬂgﬁﬂﬁatgﬂl@ lmr%uflét%ﬁdaa%%ber]o%{%ltc%nrf'e(t):%’dt%é’ ay Qﬂ)ﬂ‘épe

distal 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 in larger water treatment events to pass
through the media, thus permitting the systems to treat even substantial events with minimal
bypass flow left untreated.

[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.



[ 0021] The coarse fraction cofrponent can include nmaterials crushed to
sand particle gradation, preferably U S. Golf Association (USGA) root
zone gradawocanwaleshi ch at | east 60% i s between a di anmsrGEVUS2H0IDABSH
inch and 1/ 100 i nch, no nore than 10% shoul d be greater than 1/25
inch. No nore than 5% should be | ess than 1/500 inch for nost
expected applications Exanpl es of preferable materials include

crushegy St ON@ythdr o [}Sﬁ%gé g%ﬁ%’%‘? Ty e%gfhtaihvél?gn WD B&%%e%ﬁﬂagerft 5O the

bauxi t CeSSI ng, organit ¢ co

i ncl ude, orr t hysk) eat . nos 0022 Preferred

{111y atPORvedraey frormities: copSict %mﬁe RGOVl rr% PP e
can include alum num_ or iron-bas ter .treatment al s Rs)
seawat ﬁeﬁeuérlarq DedeistPor P sy B g@h‘ga r%r&%r%%eer%ﬁ |“E“epli"PﬂSB of
aIunrnunr red gypsum byproduct from processing rutile into titani um
or i rorillasiration gnd a0l As # Hefnitien ofvhe limity of thoynyvensfony fyp wdichaelaieneq shouldbe
WO 2009/ 129406PCT/ US2009/ 040844 characteri zed as having a very | ow
phosphonuk te degppgrideth ciamgfex (PSI), in which | ower val ues represent

hi gh phosphorus sorption capacity. [0023] Water Treatnment Residual s
(WIRs) are commonly used in drinking water treatnment plants and can

i nclude the nmaterial bBRHEF PESGRIPTEON OF TAHEDRANMGShe aged formis
preferred for many applications. They can include the residues

resul tirpgy fir om cqgg P!ilgkﬁlgrgfe%% Qhy Qﬂfaﬁ’tﬁgéi%'yfﬁle%e%ﬁo@%dwéﬂ %q{tﬁ’ér objects

col | oi ds mnth ei the ' um numor 1ron sulfate. Conprising clay,

or gani r re typically
very fﬁ%gﬁ%gﬁﬁuaﬂgm%p mﬁg%992§®u1 é?%lnmi%ﬁéggya%g&h%h%”@ﬁg% fresh.
Once dn% theg %rnrbrrttlﬁ ﬁohesrve hydr ophobi ¢ aggregates. After a
peri od B° LRI B ERY HE |ng, the WIRs becone less brittle and
hydr op and ier to bIe 0024] Lron sul fate genera

ferri hﬁﬁm?ﬁe e R R LR e ST
require acidic conditions; so the P-sorption capabilities of ferric
WIR ar €THodmehPEDByRMifeed in acidic soils. The effect of
ferrihydrite can be 50 times as great at a pH bel ow 6.0, conpared to
al kal i 180K3i | s ab¥ve i1 fepnpscctianal vichof|ap gatle aystere inarqerdancs vaBians i n
whi ch the addition of ferric WIR results in a pH bel ow 6. 0.

Fer r i hyatrtiodencapef the avvientiipnigan i ncrease P-adsorption and retention in
typical field soils. [0025] Alumbased WIRs are dom nated by extensive
pr opor t[0oRg of alFi@i hem flopdscokomche siewalf tadipretentemdiy stgmah dconfanwhivitham
substantial proportion is in the nost effective anorphous form There
can al snbedingsansf Weimehtonguantities of iron compounds as well as

m nor proportions of cal cium nagnesium and ot her el enents. The PSI

of al umobeged WIRSG CAR adny sdctiodl Qied bt ofitled 4ystéth ihacBordBi@e vidfh 22 10.
Functioning effectively at neutral pH, alumbased WIRs can be

effect|agh*mh&@gp&bﬂgmﬁmﬁlhﬂ;erstrtral di ssol ved P concentrations in
hi ghly P-enriched soil A 6% appl i cation can significantly reduce

di ssol ;ggjofg PC onc EE% 053%}’898 grh?(?i M ﬂtﬁ%l&%eﬁ%gf?éeﬂtrgtﬂn rEduchfd due to vegetation

2009/ 1 CT/ U

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.



desorption. High rates of WIR applications to P enriched soils can
reduce runoff dissolved P |osses significantly and inprove dissol ved
P retenti owoRgow1agwé por ati ng al um based WIRs i nt o soi | SSCTVURHESALISHY
anor phous al um num content in substrates can be correlated with | ower
di ssol ved P concentrations. [0026] WRs can have maxi num P adsor ption
capacities rangi ng fromabout 6.6 to about 16.5 g/ kg after 17 hr

Tobt ho 108I100. | THE0, SORLRSPEET ﬁ@%h%%ﬁ%*%o%%%@%ck&l‘%%g?ﬁ%%%rf
ot s ORTR s SeTE Aot S RS 2R oB, (e Ll bt on

can occur within the first two days, dem)nstratl ng the effect of

surface area and ti [ ' < out 10% of

t he adsorbed P can B@E%@Eﬁ' '({1, ﬁ%@gﬁm ﬁhﬂ[@ﬂ@@ﬁ?ﬁjpu on
processes are irreversible. [0027]Intrapore diffusion within the
parti cl[682(Has bedhe irpoiidnad daewked to adioretantingr sybtemsipe otettot] fothremoving
irreversibility of sorption by WIRs. The intrapore specific surface
ar ea i sphadphotuspsitrbfit andfotch comeinagefrparfluictfflusitzaich Acwadtaradradd agi ng
by nmultiple wet dry cycles accelerates internal diffusion to

| ocat i ORSmMAGH Strédde. Ahle Sydtérh NEMSIhBH YarDias1gk 1a) @9 8BflilktibiASedi® Wdme of the
determ ned that WIRs are very effective in retaining dissolved P even

after %écﬁﬁ‘@dn"lﬁv@ﬁreéﬂﬁeste%réa RAME 0BG DY/ »bag\%;a&cﬁsﬁ% W& afow uniformity

concentrati ons of water passing through t'he Rs remain very | ow even

af ter Sc%re amy%%etlé%tremlﬁll&d%@@% Bréafﬁ]c Magéhag%ﬁ%ﬁﬁhtbtsc&eg)m osition,

concentrati ons romoth materi a use I oret nt 1 on

medi a. USI;.IQIQ ?ﬂe?ﬁr%o nd)o?a ¥raa lfl%fa Eke meéi r1ai nrgen%%u %Jec ! ot ge hay, I1n\)gea

alumn ayer process cau S IcC sodrumis a 1 SSO

t he al ym,n fromthe staJ| ner a under

t erpor dUE BroSHP R ERlPE CarR 095555133%0“81% C%HSV%EHI%&%PQ&%&O%
and clarified, after which. it is 09/ 129 S2009/ 040844

cal ci nety Yobrae phe &r%a%@afawr%aawmm ut ]s%frﬁg% nﬁéf snfasHPy
conprises the finer fraction of the original bauxite left after this
pr ocessimedugH]ore yarprites ghost Ehatatd’eby eldmsy ext ensive proportions of
secondary mnerals. The highly al kaline sodi um hydroxi des and sodi um
car bondf@&!]r esul {The pogsss fakioe sompmghtragn fnchidde atndartalergded to sabydparticle
12.56. Iron mnerals conprise hematite (Fe02), a crystalline iron

oxi de, aaruitius,lmctfblylbydéf:”h@oléA(sﬁm(h(zid]ﬁ)’USGAhioohzdns gragiagoraeforiptioatdeaaned % is
better capable of P sorption. The al um num m nerals gibbsite

(Al ( OH)Eyweend dashen df 6/25)indhl@dH) 1 0@riechahs owethyn B3 Blkand bé grearesthart ©A5
mud. The proportions of anorphous iron and al um num range from about
0. 05% tiactalodiinoAR% 598 REAY B lesOthdB V5 0@indh SHtmdat O ted @%ﬂ’@@ﬁdn‘ée' y.
There can be considerable quantities of calcite (Ca0O), t this can

vary W glghyies b ﬁref&ﬁﬂ@ hattiaR ﬁﬁme%nﬁhétﬁlﬁﬁé@oﬂenﬁw%ta%ﬁd Reutédliz&PN
and ilnenite (T|O) and conprise a relatively snall proportion ranging

from aerH%u & ﬁ'oﬁ’lt%gﬂ%l egp%ee&]@gr ﬁ; mﬁd‘brﬂcﬁcsé?c PPl Qtﬁc %@g{ﬁ%ﬁt Qh iRERALY

net al s IOI’IUCI are in very st e forns.

Dependi %%6?@c%ﬂuttk{?1§k)h§éé'{§F%%Prqlo§)r ocess, red nmuds can differ

consi defa herar ogl cal corrp05| tion, and often within

t he sa posi t th ne ition of red nmud, wll
a1 vaye OF T 0OBITHE é-!ﬁa%dndraf o T SRR 1 ] i
P even after exien5| ve anount

can mclude aluminum- or 1ron- bascd watcr treatment residuals (WTRs), scawater 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



of P have been sorbed. D ssolved P:concentrations of water passing
through the red nmuds remain very | ow even after sorbing anmounts that
woul d resuwD 200w/f2949h di ssol ved P concentrations from ot aEruSmioanesasd s
typically used in bioretention nmedia. [0032]1ron and al um numrich

m neral soils such as Krasnozem soils derived frombasalt are al so
very effective in retaining phosphorus. Conpared to nost soils, these
oo e 8RR P ATRARARHE T R B o RPvacs
2009/ 129406PC@{ngS§00 /040844# 0033] Krasnozem soils are very effective
in ret dPATHYT 8L BPPAUPSUDEN GPEEY: ext ensi ve anounts of P have been
sorbed. Dissolved P concentrations of water passjng through the red
muds r dR8FH very WG Boament Restduals(KTRS) arrsommeniyiised Ruliingingasatsrs i n
hi gh di ssolved P concentrations fromother materials typically used

i n bi orteaatpent plentyaad san ipclodathematdeial Poth &t ignfresbor agodifern. The g g dod
to be a chem cal process of sorption to nedia, nitrogen retention is
a bi ol qgeferatd for owey spplivationsafhdyesaw lirtciuda thel rgsidirds vesnlting fipkrotoagylatideet i ¢
output fromplants. Plants not only take up nitrogen directly, they

r el easedlissalvbd nrgzoitpaoids disd miriees! télibidsovith sithiecii umsmueonstomedlfity. Tompading|
activity which can also take up nitrogen, as well as transform ng
some ofcldynergahic mgenandth©ordihil @gkeils, GRSe makekieR ateStypiosity Feiofhd fetured and
system These N renoval processes are pronoted by increases in

ret ent | QBvark 18t oS U AbSFhel FREN. t ORRIry, HREIBIPYSHR ¥BhARE hiyBlopRbc | N
accordance with the invention can al so include a drai nage system

whi ch ggiegat@é?lenfl%speﬁed efléﬂﬁ%aure%émerﬁ StheWE A ec 1&&&9@%;@ y

manage o control retention tine, saturation and surface pon

over t . filtration nmedia in response to changes in nedia
and sopﬁdtﬁgé???%gasg\%grﬁﬁaﬂe. The drai nage system can include an

I hayi I I . i i d.f h
out Lo P DYyl BURE R Rl R RS ORSS SO B SRIBA e (e
ipe. T tlet ferabl y. extend i.d i far. i
AT R T A R

the majority of annual runoff volunmes. These outlets preferably al so

perm t fﬁ?‘é‘ﬁn?rpmot“@feﬂé%%“@‘ﬁ?@ IThFﬁgfe ﬁg%nlﬂﬁwea‘ia@@? SQdimss ag graaftata At
events, thus permtting the systens to treat even substantial events

wi t h i bsiavad-Obspmparcdite alkaling sotly pave aHH0. Coptie Hmeican be pdslgd thyaaly ghwhisk
dr ai nage system can al so af fect phosphorus renoval. [0036] The system
can al sbe piddndd feiie WER iresnlisingrd] below Guk. | Estribyyistoappladatinn paraincmedsed)- y

structure. The systemcan further including a tree, bush or shrub, as
wel | asadgorpcesd rBesticerialbypical fivi® s209/ 129406 PCT/ US2009/ 040844 a grate
is provided above the nedia to protect the nmedia fromthe wei ght of

per song00z8)i mal s Admnd-bakyde TRs prsddntithté@lIsvE&tdnbive plopodioas 6f fiminamabl y

i ncl udes one or nore apertures to permt water to enter and gases to

€SCape. 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



[0037] Certain preferred enbodi ments of the present invention will now
be described with reference to the draw ngs. Referring to FIGS. 1-4,
a bi or et entvipgowbeE treat nent system 100 can be pl acedpo/td2odd/040844
preferably in contact with an existing plot of soil 1. System 100
preferably includes a | ayer of nedia 5, preferably positioned above a
choker layer 4, which is preferably above a stone |ayer 3, preferably

conprising underdrain s S. An .underdrain 9 js preferabl i

DSt t i GBS g el AR PR GHEM G panoighed RotoeR e Aot dissolved P
material, such _as a |ayer of drainage geotextile 2 can be included to
pr eventloss signifigantly sndh anprgve dissolyrd fagicRignbingae iR dlnndapsddiaRs e g
underdrain stone | ayer 3. H00_38] I n accordance with an enbodi nent of

t he i nveois.i bareasiegiprmopheusrilwnirpnicestenf is seistatenemnrbeorralpted withflewered t o
as a coarse fraction. It can also conprise an organi c conponent, also
r ef er r edissobycd & cancentrgtgomisc fraction. Media 5 can al so include fine

mat eri al amendnents that preferably have a hi gh phosphorus sorption
capaci t[p02afr ef er AWTRs camddivamaxiniued Pdésribachpdis taghgditm 80U 6.¢ to

vol une of the coarse fraction conponent, about 10%to about 20% by

vol ume gbutt 1865 kg afér 7R FRaibation. aWHcrdrdgated YoetcdnsBEDESmM 4086t Dyhny &) dbaBt
of the fine material anendnent conponent. The organic and fine

amendnersoniale MeanPFafiek d8fintRadetD B 939 lofk oC Tl ¥Sfor §RHaRX AT RhBN
they can inprove soil water retention and add trace el enent

m cron : £
Aendne e B feoa80h 2.5 YR8 gh QRicr BEASBHE L EREC By BRI Elue  Mos
nmechani . HCe.. 0 .0 i nelud

and. v Snbis SRSl Eon ARSBh NAGPAE T OBl IR A e Gt e
infiltration. her preferyed exanple t cparse fraction, include
W0 20007438 4Bt PO AP B dees o 1014 0t dfe SRRPROR FET oAb,
sand derived from crushed |inmestone, iron-coated sand derived from
areas WPEIRATE] tﬁ%ﬁ“%ﬂ?‘bﬂf’?“ﬁé&f?’é‘ie?’?ﬁ le; esi due sand from bauxite
processin and/ or crushed brick. [0040] The organi c conmponent

pref er dBP$/1i ncl udesrets diffusrwithin hereyclesdus bepierantep pd s ptgaral aspect
include coarse fibers in addition to the finely ground crushed husk.
Ot her pridhediereestsibilisngf seeption by YETR¢. Janiinirapenepperalin surfaed areeis 2qitintes that of
limtation, peat npbss. Conpost, aged wood chi ps and mul ches can al so
be presbntverddeghdickbiize, Ackelentegaging bymadtiple wepdiywptlesaonaltmtes ing¢raalt i on
and inproves infiltration rates. [0041] The fine material anendnent

pr ef er atiffysiomiol loehtisnsawhat dreiPak itdvatsithasoumdhi gh phosphorus sorption
capacity and high specific surface area (surface to volune ratio). A
pref er rieo2gxanpl ¢t 1k bededeldrinthctitiat WHRs dré v ctibdtive afethin@iiRgolved P even
treatment residual (VWTR), which can be a waste product of the water

t r eat medfier NS eTanouhts o RhaReRRn d8bEd. " R&MVddNBondd it R W Bassing

preferably continue to retain over 95% of phosphorus applied at

stor m"’atmkg)ﬁgl?%ﬁﬁﬁ{é %Trﬂag{‘ ryﬁa‘(a@ékzeﬂfahéfsoﬂﬁ%&%g@éﬂg&tﬁﬁ@flffesﬁi friypt er

| oads typi cal sandy |oam systens ective.” O her
preferr . j pal s jncl Li.m tation,
iron- ba“g%a%\‘?@g%&%?&??@Li%%ﬁ%@%ﬁyw uchg&llﬂiﬁ‘g&%gﬁ(#{e?m%@ anpl e of
the pr ed fine,material includes.red nud,.a fine clay-sized

mter s AP0 nt RGO A * Bpodbet RETuin e eRottBiuf Bl egEger process
Because it. can be highly alkaline, it is preferably neutralijzed to
reduce FPHYICAPRUM laaéﬁi%ﬁ edselycoe Hluminediors e Cﬂé*@u‘ﬁfd“‘ﬁ?“a gkt ek
processi ng bauxite into alum numcan be effective. It has been
det er i PRBCAHER angRssurgi The ressfingsqlubign 15 thenpieparaipd pndidarfind, pivs yandyitis

applied at stormnater concentrations, even after well over a decade's
worth of stormnater | oads.



WO 2009/ 129406PCT/ US2009/ 040844 [ 0043] Anot her exanpl e of the
preferred fine material includes red gypsum a fine clay- sized

mat eri al resemwngoafter extracting titaniumfrom ruti |ETOUSR609/0RBak
gypsum has been denonstrated to have a very high affinity to retain
phosphorus applied at stormwater concentrations. [0044] Anot her
exanple of the fine material includes native soils, particularly
those thataAnesHhal hai Lo ARl Al RUMGRRLERLA, Lhnhas Hedthe
det er mi Hed Chat PREdi 3° fi rAsnoZam i 18 W1§ﬁ RO SRTRGHE el Can

retain over 70% of. .phqsphoru led at stormmater concentrations
even aﬂ%ﬁﬁo%9 eﬁ“@ﬁ@iﬁﬁ”&ﬂeéﬁﬁgp PESoads. [0045] The fine materi al
can be equal ly proportioned between the fine materials and cqarser
aggr egd08¥of ~ 1 i Red mds prepharactadzed by oRieAdveRIgPOrtigyeal seqomdary gypeals. The
fragments may becone di spersed, providing nore P retention capability
as t he highly elrglineessodiuashy draods pradsalinn cabenraeesupsull impH ealyvotiianging fiom ¢ he
i nvention, |land can be prepared by excavation and/or filling to a
dept h sabbat E7etetabows 18154c droa rhingrels cofpnesdicratted ReD ey sl liairet onde, 3nd
while allowing for storage of effluent in surface ponding when inflow
rat es excabdzoethéte (FIOUOH) g twhioh is albee afiorplives aedibater Bipable béBlsyrption. The
geotextile 2 retains nedia 5 and underdrain stone 3 and divi des nedi a
5 and uingeihdmahiferals@ilebside {AIODMI;hendSRichmite ONABH pird @156 ferg@bhRdshi ih @nodt
and the soil 1 on the other side of geotextile 2. The geotextile

mat eri gkd inid PTRE %P&kmnp@fra@fuﬁpﬁo@s R6H BAd alBR G ran@ord ke 008%:85 aBout0
drain into the soil. In settings where both total nitrogen (TN) | oads

and t hephsf Lhd 'fﬂgag{ @539,38 ?IEchft 5he, ?@écﬁ@elﬁoﬁ“ﬁéﬁF’a[nebcmogﬁdergﬁ'l@ﬂuantities of

geotexti | e can made substanti a I nperneable so as to prevent the

Xt | U AIAERCRS) BiEOORN DR ondl osuatiety, BASKTITNR Shane Jaxe"

is prefera east nor e ove
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preferably with water, to rinse out the fines that can accunul ate .
duri ng \te%st%ﬁ%%mﬁg%mé@gélpow RRCE FfOUes &3l HdsHsb differ GRysidseablsin
to about four inches, preferably three inches deep and preferably

al so i rielmscd sningialagigelegapesition pad pitereithip e samydepsy. Fhseigra gyrmegenk
wherein the median dianeter is about 0.25 (or about 0.2 to about O0.3)
i nches.cogpeitiamofagd madanith aprayfeargbl y facilitates linmiting the
mgration of nmedia 5 down into underdrain stone |ayer 3.

[ 0048] Ro@F1ér abl y Redwudidaars viesy effecliesin tretalnmgtdishblvedB bes dfier abastveatounts
i nches, preferably about 18 inches deep. In areas of concentrated
phos phastPshal©Béts,sothBe. Miehivad Peqah bendrationd € REFEE Phssig Aotidh 86 redatudd@emain
i ncreased to provide nore sorption capacity. To utilize nore nedia 5

for bet\teg,r lot &ah BRHso I RRRGEat wWolRl et iR hoth difi6lvE®HicenARatldfs from

i ncreased along the sides, preferably to the depth of typical ponding
6. 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.



[ 0049] An exanpl e of the nethod of installing the systemin accordance
wi th an enbodi nent of the invention will be described herein. Upon

pr epari ng J y excavation and filling, geotextil 1

pl aced w tﬁpﬁhu{?ﬁg%ggcavat ed subgrade to line substanti aﬁﬁ%m}m%%ﬂ he
exposed surface of the prepared area. Therefore geotextile 2 can
provi de a base and walls extending upward fromthe base. Part of
stone | ayer 3 can be positioned on this base. Underdrain 9 can be_

i nst al 1188334i t hi n Ksesgaeen ggjlsaraaverchiiiedre ingyleining dissalvee Peivercelir extersive
underdrain stone layer 3 with underdrain 9 within stone |ayer 3.

Subs equentunts, of Pedivab&ncareh Diplobicd @ conemtratinyk of watry passidg thpoeghahatsidy

W t hout using wheel ed or tracked equi pnent that would conpress it.
Medi a Smuds rpmeiheratby epear aitdrsedinganmsent et aboldtreshi% hiphadbealted® %
preferably about 20% until nmedia 5 has the desired depth. Media 5 is
pr ef er afphyentetidRdrddy othBraHgbridliypically ust in bibtc@tibRmellii@a. i Nnduce
settlenent of at |east about 10%to about 15% preferably about 15%

bef ore Bbﬁgti Ng QfnliREe r&EntPA! ®hieh istunRbRRdbd FRbES dtRnichl pro¥¥3s of sorption to
2009/ 129406PCT/ US2009/ 040844 [ 0050] Fol lowi ng initial settlenent,

I
pl ant TR, inﬁ%og%n AhtiBR i?éjﬂgggfc\?l\el{r{)]&ssgﬂﬁttcﬁ%g it ﬁﬁﬁh{b&}?l}%@}{ﬁh&@d

nit rogen renov processes, a as mal ntal nl ng lon rates

as sedi C I r . : i ] xt

col d- s S el A b nBUCRL R BB Ry TSR ool bt
regi me .of the.site..|ln particul.ar..th rasses Penn esetunz

L opecdns thareil g iscBrdiPish e iahial SExrCulER ST gt (RS uf BhePohayraley
have been determ ned_to bhe effective in pronoting_nutrient retentjon
in bi orBERTTGR saae pf ‘if@é‘l.m&%“%P%FPW’i%? \ﬁé@gw@ﬁ%ﬁ@@b@ﬁwand
smal| trees adapted to the hydrologic reginme can also be used for the
pl ant rFEaYal grocessgeie progted by iacispses Byraisnyonstiyas plpabsdedepndbiops.event
wi ndt hrow. Moreover, any conbi nation of grasses, forbs, shrubs and
trees daP3Me providiens auyasiipdsgn eecordeaceseith thegnvepiietenntalsgandladeiang
fromthe scope of the invention. [0051] A surface |ayer of mulch 8 can
be depabkiineat spftemwiptharreierahlyphaant ontit eontwll systenMblactandeadaptivelyvemaged to
surface conpaction by raindrop inpact, scour fromsurface inflows,
and exaessdletentiopn tinge, antdradomakd sugfacdFradimglooek the hityereiof fihatiomineditiion
uses for this purpose, several inches of fine well-graded gravel,
wher ei nedpatse® dhaigedinangliLandi sbil phpeiticO 0wk tinlRC MRS dtMnagb Spkter® cadlnclude an
i nches, preferably about 0.25 inches. Another exanple of mnulch |ayer
8, Whi cfutlprgbemailMg ANOVEdRBDLhipe Extb AHME I BbmsHE IR il P adl REusRd
nore sorption of metal cations, is well-aged hardwood mul ch, which

| nt er Cephigt UGt to bipBpi %H@i;‘t‘a*tﬁée']éi%&d*rﬁ@&hl%tsi ﬂPefEJ&Giy%@%ebH ekdenct i e foBN

facilitate renmoval of ‘accunu sedi ments ‘as pa a perio

%LZ%E?{@%&?’ gﬁ%h%fp{?%\%ﬁlﬁ%iﬂ%%ﬁﬁeﬁ%%ﬁ%{ i%ﬁtéf’%%? lgrgffﬂgﬁ% Sl of
Sinoe grakd rtfCRLPRAS Tt R PE Befeafy S GORuACT: € Bon kB Bame.

mul ch, and the high stemdensity of grass can inprove infiltrati.on
ot o6 iRl der e TraReR IR, (W pATSRG A SHHEE feeat Y S TSGR
stem WO 20091129406PCT/ US2009/ 040844 density may be |ess effective
in prevapts wihaisigy hypassiiey defaricried i Grptrebiog flof thipueh thediinage sesiem
In this planting enbodi nment, hardwood nul ch can be preferred.

[ 0053] FrpAkso effeciphesphgrupeesivaly t hr ough nmedia 5 can enter underdrain
stone layer 3. Accordingly, an outlet system can be provided,

conpri 406kl one ohesysemicuialdmovnide e nedahstase adpatléteysttredvithin shatarye d
pi pe, preferably having a dianeter of about two to about eight

i nches stragage dhatystegudpfurthetigtivdihg a trpe, Sl @hinbaboudll 3Qrises! Pegdanbly,
or less. Larger pipe and deeper stone depths can be preferred when



[0054] I n areas where N retention is inportant .and soils are very
pernmeable, it is likely that water would fl ow through the perneabl e
geotextil ewd 2ommuepi | 1 too fast for effective N retentgors2Bas@Yse
wat er bypasses the outlet and flows directly into soil 1, the |ower
outlet may not control flows into the soil 1. Accordingly, geotextile
2 can be nmade substantially inperneable to ensure that all flows are

di rected through. t outlet, .so the an he_.control] ed the .

har act FHE0T HOVighd Eheaecnmisis Prkgiet B Bedis AO8H RetelaRbrops puimpl and
can be rai sed above the holes 203 so treated water can then .

pr ef er éASCEINaySIE2RPEE fih d e grateprelsbbniBrlydesipng QHMOKAPELUIDH!D PCHRIY WalE o
into a stone | ayer 204, |ocated under inperneable nmenbrane 2. In this
manner ,enétiapd gages ip eseapat ed water can then infiltrate into the soil.

[ 0055] I n accordance with an exenplary enbodi nent of the invention
havi ng [08¥ Iconf i §lertainipoefersérbambddimenti the prefeht inaerttioparill enweéx dawdbed 5
through nmulch 8. As it passes through nedia 5, phosphorous can be
adsor bewitlf refarericheo it fdraveings. Ffefies alli1GS. 1-Hea biotdertion waick Lraementcastern
enter underdrain 9 and flow into outlet system 200 and into box 10,

then i ntoo caki B plagR! Wite, pkdferablytih @bntSt SiMiMn 208t sbesfablly. Gosthabs t he
rate at which the effluent passes through nedia 5 to WO

2009/ 123406BGTih4edR094R4 8B44di8 BhaRfepably ﬂ)&s{tﬁhé@ébgvég%%l&'% 12984, %ﬂ:ﬁ is

transformati on. For exanple, nore nitrogen nmay be renoved fromthe

ef fl ue ' eﬂgﬁabf ofd § .l;tHﬁenlt\%ér?r, 51%?&5@?9011-1 is’f%ntﬂﬁérafit? tofks! %ngﬁllaerﬂieaﬁﬂ ot

of ti y providing t\ nore outlets :cn t he ?X’ outlje .
Syi %??%%%fﬂ%ﬁ&#%ﬁ%ﬁ%ﬂ%ﬁéﬂ%f&%ﬁ%u lt%n%ﬁ”@%% A a%%#%@é%ﬁt&%??sﬁgl B
appl | oAt ebHaE eo RUE AERT b Remdit e rstiaei Aot £F siskin Som migeating

accordance w.th an enbodi nent of the invention is shown in FIG 2.
The medfQ ™ g%‘?f@““rﬁiﬁﬁiﬁali‘ﬁ?’f‘ﬂay%‘t%’on rates. Under certain conditions,
a systemw.thout a controlled outlet system can provide retention
times MPPHIIN t he Tihdtspilente with Hoerbaimerd o€ thenjeations media) LHNCPMETiEh be
too short for tine-dependent nitrogen transformations such as

deni t r | PRGAMIAGIK, £lso dertad te ks @ eearseciraetionhls caualioetonyyise empiRARE spapingnt,
provides for controlling out flows to a rate that is a fraction of

t he medilw rifefried to stanonganit fggctiomublecditSand alvg inchule dne atatapial ghendetertathadn
within the nedia. The effective outflow rates can preferably be

adj ust gatefeabpyriave adightphogphsius soiptied eaphcion Préfomblyomein Srindlideg about S0Gen
transformations as selected. Providing a |ow flow control structure
can i ncbeassd% bevdlahe of iheRodrkdRadtion chBporRuQ BRtuE | 0BVE Ebdik 20N BYBlume of
whil e having m ninal effect upon surface pondi ng depths. The outl et

syst empg 6ifz8hia BbipeHe0 aRIARNE S0, Rea bt £5% 8P vOLmSAE Hed R h@ Rl hhi Rt
to over about six hours, about twelve hours or up to a day or nore,

thus prafpbhdd PAIGRERCRPAI fhdihRhisahy thARR RIS ShEbAOARORHENS For
the arrangement of System 200 can pernly the outflow rate to be

i ncreas e - .

rati o Borupingy BBl WalepkAldioh 3ndRUfrd-RL AR mRAfofiERE, B couse
where infi.ltration rates jn the native soils are.hi .1he low flo
out et syoheRal B Eind e tBeafio Barfiy So Y Riuic) " il
to respond to, changes in conditions over tine. WO

2000/ 1 FUEBEICITIEBROID 40844 [0058] Qutl et system 200 can include a
pre-forned box, such as a concrete box 10, preferably dinmensioned to
corresd8ftPlt o st dheseamsedrqctien caminglpde ubgsradegandswith aldye anifymay coritipient,
pi pe 11, which can be sized according to standard routing procedures
fam | i avhicloprefembly promotpsariilirgtionk Qtherpréferredexamptes ofiie lcearssiyatiomizbgle
can include one or nore internediate flow outlets 12 on the side,

-10 -



[0059] Underdrain 9 (or manifold) can pass through box 10 and
termnate in a tee 14. A swiveling el bow 15 with reduci ng bushi ng and
ni ppl e assgigbhy3eesan be provided at the other end of g@eyshfoopiaghisan
be term nated by an end cap preferably having an orifice 17. Oifice
17 is preferably adjustable to internediate issues by drilling its
center bushing with a specific drill size. [0060] Taking into account
infiltration into the native soils and the desire to provide a )
sat ur at%@ of athefl, witheutdinigatiansand deriverl iomogrushed jimegtene) og-gpatprbsand derived
preferably precisely designed by those skilled in the art to provide
a sat urfaredrezowish high intcentdnty atvgatizedmesidursand frombawtite prewsang audiott he
system has drai ned bel ow t he upper outlet discussed below Oifice 17
can be goushwebtiéd from cl oggi ng from surface flows by fastening a
strainer 18 over nipple 16. Flows fromunderdrain 9 and exiting out

t he out[bedojcan bahpbahasicabhyoidnt beFethHpinciudes dadteconhiAGH) pdal, Gbeh
riser pipe 18 can extend upward fromtee 14, termnate at a flexible

reduci Ngefelably iRQudelcoantd idersiRad@inato Whd fne®; BORRI GLARY hud O&H&%féﬂr&ﬁr
24 can be siZed such that it at least partially fits inside |ower

riser Jéiamwpsme bl}%ﬁm%%mgﬁ&npﬁmﬁ'&lgf\ﬁ'ﬂﬁm Mmﬂtmc@a%ﬂmbgg Ao Sred wood

fitting 20wth 1 pe cl referably facilitates

dj ust h

e P R S S R Bl
fittin I.ac provi ded to mai ntain upper riser 24

n
attache&gtngprzgv%%lfl 11tr61 0%53%‘510 while permtting adjustnents to its

hei ght eeded_or .solicit 006 utl et y

pref er e{ﬁﬁ@l conpr ik Egnﬁﬁla@F‘BﬁW?% ?&fégfagg})?ﬂu%ﬁﬁé’?at?qi B‘iang% aligh n an
end cap 26 placed on el bow 25. End cap 26 can be drilled or cut to

si ze t HRbogRhorsIoREeR grRaeity dd highesnsaific seifcs area surtaes teriolane 1atiak ai ner
26 can be preferably fastened over the end of nipple 25 to prevent

ni ppl e Eeerebenagipbrfithyting weEEY Ehen dup-trecdowicrdecaimant @Sdbalj%&)ewhﬁhd
its elevation can be established by those skilled in the art to

opt i mi zenbhe wask diodyct dfniee watdr tiepnént inglugtey. alit hasdwemdetrnringddahét ahsn-based
possible while treating |l arge events. In stormevents at typica

r ai nf alWTRepeiksalily esntinit & stuin evce 98%rof phosphenps sfpdiee at shametatarat i on of
outlet as high as 24 inches. This can cause the ponding depth to

I ncr eas@ncdnfiitors fdish BfferenceNy i €6AANET g Wil ¢aEle when §hiceClahieiocanagsterAs
aresult, the fornmerly | ow percol ation rates controlled by | ower

out | et 0L bEBeRRFEURR OREL BEFRYd &ﬁ&pﬁés@mfemnetﬁgil?erm:snﬁauwwnﬁbutZOZ
for exanple, according to Darcy's Law in a manner such that flow

rates Qfflitdien, ifbn BRI W#ﬁs'aH%?hﬂEst&kb%a@&f WailRs! ow flow di SChar ge rate.

The benefit of having an adj ustabl e evation for upper outlet 202

can be [g{)‘@%n' ﬁ;t Z\g@?ﬁg{ %ﬁ&p?@ﬁtﬁ@ RN Yih@h%%slﬁﬂné §é§9?ﬂ§m§18 aﬂ%’@a["yssde'a

infiltr ver accunu

and the rat ed h rau conduct i cleas t he

il i R b A TN P?é%glél § 8 Preatit 1b%anﬁ’§§aeh?¥ hus
nalntal effec |nf|Itr t|o res This can

Capab, 1 dris B ?Ff‘l? szt artice 45 SBAANR: SREVHESEIpRL %rﬁ%&mfﬂby
based upon the stabilized characteristics of the nedia. [0064]

ar eas HRGust KOPPrRessrbaugits i sty be gffecdivey B h@%?fgﬁnﬁéﬁemﬁql fhat
geotextile 2 can be made substantially inperneable to ensure that al
fl ows anedigivitesadaaud ¢angeigin avaedBaof prosplasus applied at stormwater concentrations,

even after well over a decade’s worth of stormwater loads.
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WD 2009/ 129406PCT/ US2009/ 040844 t hey can be controll,ed by the
characteristics of the outlet. Treated water can then | eave the
outl et assgghhy bdpough holes 203, and pass into a sto%ﬂ,@@f%mﬁ

| ocat ed under 1 npermneable nenbrane 2. In this manner, only fully
treated water can then infiltrate into the soil. [0065]OJtIet system
200 preferably provides a way to not only regulate small frequent
flows to enhance nitrogen renoval, but also to utilize the capability
of the [PARId i nf iAmpthar pemplefdhapreferred faeimaterial inpludas red gypsiant ling @ay-
flows that contain particulate matter that still needs to be

filt er ethed Tiwermbichiaining dteadjtoasting hanwinevern rgHe arssl Bedgypsem bas bache
orifices of outlet system 200 can permt systens in accordance with

t he i nulembngratddao bhever eepphgh ety te haaigebosphormedipdied afstdrinwatdron r at es
or design discharge criteria. In conbination with the inprovenents to
t he nedicacem@ttidison and infiltration response, the outlet
configuration of enbodinents of outlet systens 200 can i nprove

nut ri ebodgt ent i aRomeNPBANPE: dfhd fiRematk A RAERs aMHlQDEs, mﬁlbulamdthaserm&t
in accordance with the invention. [0066] A water treatnent

bi or et el higR 1PYSH E{E}’&Q%nhﬂmﬁﬁé&%ﬁaﬂ%s Bednhe RAAIEE ihaCHRARY Wﬁ%aﬁ‘fozérﬂe

i nvention I's shown I n . Water treatnent system 300 can incl

at |ea o]

ner eaf tei B b £, &Bteﬁﬂéﬂt‘f“r%w?%ﬁff%} Pl B FRERFA) be
benefi cj al gcat | s wher %‘ ?atce is limted or confined, such as
in urban” %é‘kr?tll(ﬁ‘és’ve 5?‘(‘7%@16? °e %w%terlPﬁ “plant material of

pl ant e tallatg, 3000 cl ud atreeo shrub 2? adatedt

t he hycipb) gicr bi’ mﬁ"’é‘é 35 8°g ﬁtB£°P8§PPnB e e tac ma forials an
evapot ranspiration for the sane nediia area than grass, and can thus

i mpr ovEoRvETageIcEAes aftfincanateialn A phe firs mede @gcsy the Cpaasiragmentiney pespme
pl anter installation 300 include Acer rubrutn (Red Maple), Platanus
acer i f slisparsed.prerddinpmarrel mtendipn aapabiliiesscthe systemsgnatitss.(Pi n Oak) .
However, it is to be understood that other trees and shrubs can be
used wilfOrs)t dev imadcoiglafigeonitit dneengpdpeent bf thiaénvienticen taind nan ba@epared by
2009/ 129406PCT/ US2009/ 040844 [ 0067] Surrounding the tree, a m xture of
col d- s easonti@Barald fikdugo selepthsuflftiqr @ysaccarajee opmedia d@dd vhderdrain stone 3,
accordance wth a preferred enbodi nent of the invention, warm season
grass Géhikafllowigl fattoBensesicnt i susthenpadingivdes iffloountaiexcead aS)
and/ or Pani cunz virgatunt (Switch grass), which inventors determ ned

to be ehfi@atibRtd JF tIRS AEMRA.T PGffaHly, igBHbxtlI8 D ethinORiedih B aA8 GRILGARRtoMe Bind
an enbodi ment of the invention, No. 4 stone or other |oose ground

cover Cd%d&%néﬂla?@%h ﬁ{&%fo%lﬂ 9’!0983 tﬁ'&‘éh thé &1 ?Zn b didd df g%@t%xt% b4kl HeSoil 1

This preferably permts the entry of air and water, | e preventing

co ”paCtanHei &hert&fe %&Eﬁthg sagfe géoté%gé r?latgl)fal %Jgfe}e{by ﬁdr ttgggrrmt medin 5

arrangemnen avi ng stone ess expensi t can

be Iess ffec fo nutr ent if al and ca de | rfa
pond! g SRS TDETREVRIERY PR Pen % S BROH S (1 G yBF e
preferab i.sol at romth a_ hi rrre b|||t or.ous

P oncr edblile P%&atﬁog’d*feﬂ%? &%ﬁa@@ﬂ el B FadnmmoneaBb iShimsae
mgrating into the nedia.and stone, while permtting the nedia and
stone t%8 astxﬁnﬂmﬁleﬁﬁlﬂrﬁF@‘?ﬁi’étrWI“sio thegroundmgtef-ur e can be covered by
a grate 29 with openings small enough to permt ease of wal kin

traffi d004/4dt |ard ge sanrlghertippisératily atieashiveiaehesmeny petferably oxerabasitsey .
Grate 29 can preferably al so have an opening 30 for the tree to

ext end indhes dedpr dugbferablyedompaibésyan sgegmpae,29efemhlybe opet-gfalersNo t4crashed
sidewal k 31. Grate 29, as illustrated, may be particularly benefici al

for a sggtegire Wietdin drescdiol diametbiid abait 010gsr sivit @B Koilpgt .2)eact®g. The
[ 0069] A stone | ayer 32 can be preferably at | east about three inches,
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WO 2009/ 129406PCT/ US2009/ 040844 i ncl ude No. 89 m xed aggregate
wherein the nmedian dianeter is about 0.2 inches to about 0.3 inches,
pr ef er abl ywazowi1290@5 i nches, which can |imt m grati orpaafuseing/omsdi a
down into stone layer 32. Stone |ayer 32 can be preferably drai ned by
a perforated underdrain 34 having at |east about one inch, nore
preferably about two inches in dianeter, which can be connected to an

out | et £ i

dotai| BEB. sﬁé‘%@%}@%ﬂ%‘. RSN S ?’%tgﬂ?@e"%ﬁﬁfé?ftflfB Dyer
of media 36 .c over _ch ref erabl

Gsi g VieErdiE Sy B p%&laglgaawﬁﬁssn?ﬁ?%%a%a& o PeleSpRa el 45y
depth af .the an.b efe | east bout 18 inches,

pr ef er dBFfs: %Eﬁ%al’]ngﬁ‘ieﬂ&fﬁ ealfi‘ prg CF%\LM #gp ‘P‘E)‘P RI5H FRESBRE- LA P’é’ufﬁ'éﬂ%ly a
In areas of concentrated phosphorus | oads,, the depth of nedia 3
amendmeiR: 88 SrekIaRrAlC AR e aradiegliaragicrtivabonh. 55 (catahoﬂtoc? tﬁrﬁbwc@é)
more sorption capacity in accordance with the particul ar requirenents
of t he is¢hee. SYDERBERewEdto Weidraldy{agilkatesdlamitisg theamigtadion of medip 8 dlowy info

hi ghly pernmeabl e porous concrete curb section 38 sized to permt

di r ect wadendeim$tooleyart3ed runof f whil e keepi ng coarse debris such as

| eaves and trash from cl oggi ng nedia 36. Alternatively, runoff can be
col | ect[eod)y a sPaai‘dablgl, rﬁetfiJDSiisr‘dt(Hasﬁi}bsﬁtelmihﬂﬁﬁtﬂboﬂ@ﬁiﬁﬁ&@péfe&b@iabﬁm
300. The nost polluted "first flush” and | ow fl ows can be sel ectively

di vert ex® ihéHe® deepmamhle® 6F coichaed pRithRGuLPEYY, BRThddM @ptH hdtameSdment
distributed by a pipe 39 having perforations or slots 40

t her et by Quffon BRMLEMHRAQNS pfl&rl@eatﬁorlé%oxﬁbﬁsﬁ S4By TOIufiBsk BYretrRQSes for better

skilled in the art so as to distribute flows substantially equally

armng %f‘e‘é&ﬁé‘l't &hﬁ‘&fafr‘cre H‘l@'d%ﬁ‘[h%}"thg'ngdgc%ﬂtbe ﬂc‘?éé@éd ﬂ&?g théJ%gé‘sr gl%?érﬁblf’{oqﬁe

9 and /or ad acent to porous concrete 1 nflow section

non bi o §ga9 ei nforcenent matting 41 can be placed, to
revent ros n&EH%%¥J %r fronlconcentrated inflows. WO

2822’r ST R R bl P AR S B
&UE : gt %@é@@]ﬁ%sﬁkg%m@%ﬁiﬁgﬁ %?%QU%EQ %{?‘3[@4 f%wg';' 'ngtr’fg?‘iaéi)%g

pl asti c. Plpe 42 ca referabl |nplude a di aneter of about 10 inches
t o aboutnd fiblings gensextil ﬂp‘f @méwavéqoy withinthe excavateesubeieieto ling subptantipliy all of

i nclude an end cap 43 sealed to prevent uncontrolled water |oss. To
convey thyeirppashesriaganfdie prppatercatcat Therpiors gedtaxide é an piavide aaseqynd avalls 35
of pipe 42 through a grate 44 which can determ ne the overfl ow

el evat iegtending mhweasitfeond fhicbese. Fagoé stoholagercaganibe ppsitéreed abplthis basaveyed
fromsystem 300 by outlet pipe 45. [0073]Inflows fromunderdrain 34
can paddndehirain@lrarbdinsapedtBithin seneddyer 3.1 Qlidkeblalyéitvemd bk iplacedi@ved Gnderdrain
Underdrain 34 can preferably termnate in a bend 47, above which a
tee 48 s38 IHer § asth@n@sdrath SWithialstohg [SePOVSEeQRRILY, ke ¢ be@thesd Bekr
bushi ng and ni ppl e assenbly 50 can be provided at the other end of

tee 48 aRkLrlHlent, r}ﬁ‘éf@x@b@ﬁuﬁﬁu@ﬁéxﬁ%yﬁee@ﬁ or §taélfel GBuiprheftafat RROURS @h§rabhy

adj ustable to internediate size drilling the center bushing with a

Spect { iniodls5idpr3tcily AmARAL SIS B, OIEL cQitbll 590 Sk B T4LA oL NG

bushi ng and ni can be prefera osItl at 't

end of §hP Ingﬁ%ﬁgggerd 4, ARk PN RS 9 (ERRIEL

prefer udes fice 0 ’ate

one.  DRaRE et EnaS ok R Rl shonl B0 B %DPEE"}%\:{P%%W@@ S0Pt Pt il

by one skilled in the art. to provide a saturated zone and to extend
r et ent 199 °f MRE iR Mfrsiehedi a once the system has drai ned bel ow an
upper outlet 352 discussed below Oifice 51 can be preferably
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WO 2009/ 129406PCT/ US2009/ 040844 [0075] The | ower outlet can be
adjusted to respond to field infiltration rates. In perneable soils,
it can be JHonstricted and/or raised, increasing t R
treated mé?gﬁaPﬁggﬁ%s infiltrated. In poorly draining ggﬁﬁg?M?ﬁgﬁl‘
outl et can be expanded and/or |owered, thereby increasing the rate of
flow while reducing the volunme stored. In this manner, the response
of the systemcan be tailored to conditions encountered in the field
so as t[60¥¥ovi deFollmzing iratil setdepenis@ant nj20aiab] ferl lonmstded fogbe systepetos3
can extend upward fromtee 48 and term nate at a flexible reducing
fitti ngnbimce ahebphemns el fitrefearradnbyal bastwepds well s maipiapenginfhpatidn ratolras
upper riser 58 can be preferably constructed and arranged to fit at
| east padibicaislaycunnfitelePlefinebly, (pley7 Godnpridh P @fixtiteSEcofdsca®dn d3end warm-
preferably attached to reducing fitting 53 with a pipe clanmp 54. Pipe
clanp %éas‘é_ﬁ@%’r%%&ra@bl%t&’d {oaBé hydrélbgic cHiMe b kit@f IntpaRicamMP aseds brges h
of upper riser 55. Aloose fitting bracket 56 can be placed to fasten
the UPReL, Lk 86! albpecli®iddd FothlaHELHEsS alPbhnidR: vik QAT I SRS or AW HaOE b
assenbl ym§52 caangﬁpeféf ér aglfy cao r%sgg an néﬁ bi)%‘%?z "pl oxl nag[reg)t ﬁe te(:)ef)1 of
upper rj . | LI i . I i r ably
edg?e?rkmg:g’ to é‘f%:&@ve\'\(ﬂ pg(;e}négn{gﬁ'ﬂﬂ?egFx%tegﬂgrmntr‘zgggéﬁﬁﬁpseﬁ&rgg dﬁg &l

f asten pple can refera i nser roug ci'ng

ST S A RGPS BB ETLEH SHEPLEBPHO R R
i 59.  Ni 59 | .
RO K SEE LR TR O

specific drill size, as applied to the |ower orifice 51. [0078] End
cap 60 Me§OYsE 35y spbinglign af erasgesafRibs, syl and drcpniendspatyidedidspengingpndhe
of ordinary skill in the art to optimze the ponding tinme and depth
to det aringsvitheehdevipios ffrogsthp seppe bf thewlkiienéon.r eati ng | arge events. In
stormevents at typical rainfall intensities, the surface can pond up
above t[A@51g| evat onriaote lapperf mudrhl Stan 38 AcpcFhi¢daiza nlaptngplantheatgrondi ng
depth to increase, thus causing a corresponding increase in effective
head. Adulah Beswpieyertt @ fdco compdcyioh byvrainith2 DfALt] D40 6HG Rut#s2G00d 04 o34 4
percol ation rate controlled by | ower outlet 351 increases according

t o Dar efc&sik@dtyiny adeRRRE. Oue Bmbbdiinehd (i\thd iat@Sioh Dsdd Ipethis Quiposd, @kl
are many nmultiples of the |low flow di scharge rate. The potenti al

benef i tinghes bﬁff{ﬂeﬁ%lﬁgrfah&?égrm&, Wl RN R tHeRedi A didR@eiP B8t 02D ifheLRALOR
that its elevation I's adjustable to respond to changes in

i nf i1t rgadg i8Bhek AirEfrab Ao PEMs. A¥6thet LRI ST mAfeH ’Zﬁé}t@wﬁfcﬁ;&@f&@ﬁlge

|
and the saturated hydraulic conductivity decreases, the outlet can
| ower e ' - Y : ' L f L
o SRRSO SR R AL SR
i ncrease._perfornance. based on the.stabiljzed.characteri.stics,of the
modi o 0 THERRSiBARE bR Mioh aFuf diPordshStaals B GEs Hhbn rRsaty
regul atfgciﬁtggl erI)\';a?%P z?cr(]:%mulated 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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flows to enhance nitrogen renmoval, and to respond to field
infiltration rates, but also to utilize the capability of the rapid
infiltrati the media to treat transient high at.
contain pa&pizé@flg%@; matter that still needs to be fil tel{dg'zlyﬁqlﬁ}eﬂ%“
ability to adjust the elevation and dianeter of the orifices can
permt the systens to be responsive to changes in nedia infiltration
rates or design discharge criteria. In conbination with the

i mpr ov eleesitysnayobd lbss affecti e is pregentog chopgingnivhild peatnitong eass pbmskeh t he
outl et configuration of enbodi ments of the outlet systens can inprove
nut r i entpla@pent. tlhelis paAay @abddimént dardved hargecaayspesfarad. t h nedi a not
in accordance with the invention. [0080]In accordance with preferred

enbodi mapd3g of t IFeyvisiieaRt b9 Passtrip@nidue AkSA S AR MY SIRBIdeAN stBfe Rdrtzabl e
for wastewater and/or stormmvater treatnent. Various exanples of the

vat er t4 atdRIN, JABHi@ sffed @aFHd %@d@tﬁ%@ﬂn?riﬁ oI uh PEdrhREDVsakbh & a

phosphorus fromthese Wwaste streans. Preferably, the nedia can permt

o ﬁﬂé#%?ﬁ%‘??@é?%“?ﬁhﬁﬂ%&‘% %ﬁfﬁ?ﬁé%ﬁﬁ%ﬁ?g‘ﬁy' R Bor Eflfﬁéé%m in
et donbicesihisdy B SRR, BP0 SR8 4P 1Sbutreme K st oSBT Popen

renmoval . ipn the s | events i.ch conpris he majority of nua
Fanof £ debfiaftos TRerahhet st BBl dndter gt Smaels GHsiafieen be
const ruct ed tg) perm.tlg{:iéﬁjh f|O\fI¥S,i n |arger events, thus permtting

t he sysCPB’i"FfStetd Y3 TRy o eqpdereift (o5 mapeld} cenhecangaeisa iupn Wlﬁé‘%t"ﬂs ow
| ef t untreated._éOOSl]Reducing urban runoff | oads of soluble
phosphdeehstheir lyid carmBew diaat witlin ferinderdeain e hewutletoyste®wnst r eam
freshwater bodies. Wiile P retention by newy constructed

bi or et dA@34dn sysimesrsas whang Yireteiones enparant dnd sbidsary verapdrmealicait is likely
typically used in bioretention systens can persist for up to and
sonet i e vonerwoaldiddw thaouphabdigerotatiie gatextileribinfo dodddso {8y kit effectiva N
accordance with the invention can be anended with water treatnent

r esi duaktentidne Bedde antk Oy pdssed shartivn SdiflowsalirettByinisi soht 1Dihg howdr@ntlet may
content. [0082]1t has al so been determ ned that the capability of

t ypi calnobts@! Ao Db B GiR1. WedddiHElyPledttklet2tad $6 nfalle bubsfagtidliyni Ng
phosphorus at stornmwater concentrations, can becone exhausted after

sever alimyedicable IOWRURN thattal G100/ GRENFReR hrBU A thS o GRE, 5L AR b&Bdtrolled by
augnent retention of phosphorus, far beyond that which’is

attrib Lfﬁ@a‘la?aclegis RIRR Q08B elevhifort & tll?ﬁecrl.l"ﬂulggllﬁ $1 PO Yetaked ihjt%%,ee the holes

exanpl es provided hereafter are nerely tive, as a ma

appl i caf,i fic.t esi i n be ued to
T e SR eBRE e et R R e RO R o F T
bioretenti.o S0GOS 40L in,si.ze, were used tq inyestigate

nydr aulfiRes PRATACIS Al &g DLT FPermsaeR mantrish s gh bt =B Rl HY
of bioretention Sytf#:en% in accordance with the invention. The nedia
conpr i dEgtel malss gabiier gitilgate pdoythgsetland wat er treatnent residual s
(WT' Rs conbined with sand and coir peat. Al treatnents except one
vere vaBeisdt ed wit #ecardengssvignan grempliescmbgsiment of hepmyentien bavapthe i on
(barren). Table 1 presents the conposition of the nedia treatnents.
WO 200301 fana8ncGpwe200y). d 4¢84t 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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Table 1: Media conposition of various treatnments. Mneral proportions
are by weight, as determ ned by oxal ate extractable Fe and Al. Coir

peat prop i by volune. Media Type Medi a Label o
Topsoi | K(r)‘gis)ﬁgdzgzlrzn&égil Red Mud Water Treatnent Resi dualeﬁszmmw“

enhance filtration, adsorption, and transformation. For example, more nitrogen may be removed
from the effluent if the effluent is retained in media 5 for a longer period of time. By providing
two or more outlets within the box, outlet system 200 can provide increased flow of the effluent
from underdrain 9 into the box 10. Whereas two outlets are illustrated, it is to be understood that
the number of outlets can vary as a matter of application specific design choice.

[0056] An outlet system 200 in accordance with an embodiment of the invention is
shown in FIG. 2. The media can have high infiltration rates. Under certain conditions, a system
without a controlled outlet system can provide retention times within the media of an hour or
less. This retention time can be too short for time-dependent nitrogen transformations such as
denitrification to occur effectively. The outlet system preferably provides for controlling out
flows to a rate that is a fraction of the media infiltration rate, thus extending the duration of
retention within the media. The effective outflow rates can preferably be adjusted to provide the
desired retention time for promoting nitrogen transformations as selected. Providing a low flow
control structure can increase the retention time to, for example, over six hours, while having
minimal effect upon surface ponding depths. The outlet system preferably also extends the
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 area
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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[0058] Outlet system 200 can include a pre-formed box, such as a concrete box 10,
preferably dimensioned to correspond to standard street inlets. Box 10 is drained by an outlet
pipe 11, which can be sized according to standard routing procedures familiar to those
customarily skilled in the art. Qutlet system 200 can include one or more intermediate flow
outlets 12 on the side, with a grate 13 proximate the top of box 10 to convey large flow events,
all preferably sized according to standard routing procedures familiar to those customarily skilled
in the art. Outlet 12 is preferably about 6 inches to about 24 inches, more preferably about 9
inches to about 12 inches above the surface of mulch layer 8.

[0059] Underdrain 9 (or manifold) can pass through box 10 and terminate in a tee 14, A
swiveling elbow 15 with reducing bushing and nipple assembly 16 can be provided at the other
end of tee 14 and can be terminated by an end cap preferably having an orifice 17. Orifice 17 is
preferably adjustable to intermediate issues by drilling its center bushing with a specific drill
size,

[0060] Taking into account infiltration into the native soils and the desire to provide a
saturated zone, the size and elevation of, orifice 17 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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upper riser 24 and its outlet assembly discussed below. A loose fitting bracket 23 can be
provided to maintain upper riser 24 attached to a wall of box 10, while permitting adjustments to
its height as needed or solicited.

[0062] An upper outlet assembly preferably comprises an elbow 25 connected to upper
riser 24, with an end cap 26 placed on elbow 25. End cap 26 can be drilled or cut to size the
outlet designed for the particular installation. A strainer 26 can be preferably fastened over the
end of nipple 25 to prevent nipple 25 from clogging.

10063] End cap 26 can be preferably sized and its elevation can be established by those
skilled 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 outlet as high as 24 inches. This can cause the ponding depth to increase,
thus causing a corresponding increase in effective head. As a result, the formerly low
percolation rates controlled by lower outlet 201 can be supplemented by the flow through upper
outlet 202, for example, according to Darcy’s Law in a manner such that flow rates can be in
many multiples of the normal low flow discharge rate. The benefit of having an adjustable
elevation for upper outlet 202 can be that its elevation can be manipulated fo 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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they can be controlled by the characteristics of the outlet. Treated water can then leave the outlet
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.

[0065] Outlet system 200 preferably provides a way to not only regulate small frequent
flows to enhance nitrogen removal, but also to utilize the capability of the rapid infiltration rate
of the media to treat transient high flows that contain particulate matter that still needs to be
filtered. The ability to adjust the elevation and diameter of the orifices of outlet system 200 can
permit systems in accordance with the invention to be responsive to changes in media infiltration
rates or design discharge criteria. In combination with the improvements to the media sorption
and infiltration response, the outlet configuration of embodiments of outlet systems 200 can
improve nutrient retention compared to free discharge systems with media not in accordance
with the invention.,

[0066] A water treatment bioretention system 300 in accordance with another
embodiment of the invention is shown in FIG. 3. Water treatment system 300 can include at
least one tree or shrub 27. System 300 will be referred to hereafter as planter installation 300.
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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- 12% 10% Red Mud RMLO 69% 20% - 11% - 12% [0085] Even t hough there
was a high proportion of fine materials in the nedia, saturated
hydr aul i c wontdusan$qéti es were very high, w th nean val wEg/vsangiongd4
from15.1 to 55.7 cm 111. To extend detention tine, all systens but
one (the WIR-K nr treatnent) were controlled by a dual -outl et
configuration. This involved an unrestricted el evated outlet which

convey tfloweas a function_of. flow through di,a accordi to

bar oy SO0, i ST G G a Rl cblo B RS RO TP s oy
controll ed outflow when the treatnent re sgturated and pondin
Socur 1 &t PTG B RIS iy PCTBR SRR GIFt o F BYPHE nuiE! Gropetiss C4
effective_h?ad I n response to replicate perneability, this _

ar r ang&ABfclyds Sigrragruiriaeayoiges FowaeErasiaany o Faiam dEgaams S itch grass),
replicates containing nedia with highly varying perneabilities. This
ar r angeveeh inverems dgterpiachisthsreilicati vern aromefing nefsisptaeeniiar daeswidanreawih
upon nutrient retention. To drain the treatnents after each event, a
4nmm hose esdpdiment ofthd ovemtionoNot hetorgranwdier lomyegroduda¢avericaatbe placedver
flow rate (average 8.4 cmhl5. Unlike the upper outlet, this outlet
cont r olsheduddiuihe ated7 wdfilbtht stmetturonThik phefetaisiy peenipripenttyi of sirtahditvateer e
nore restrictive than that of the nedia, so its response was simlar
in all wigkljreahtsy cohfjjastionudflted wivastrdaithait ble@ld lyFomaraffid. OMieting s fentic@e

rates (1 cm 1-11) during the spring
having No. 4 stone can be less expensive, but it can also be less effective for nutrient removal
and can provide less surface ponding volume.
[0068] Referring to Figure 3, native soil 1 can be preferably isolated from the media by a
high-permeability porous concrete structure 28 which preferably keeps surrounding soils from
migrating into the media and stone, while permitting the media and stone to slowly drain into the
soils. The structure can be covered by a grate 29 with openings small enough to permit ease of
walking traffic, yet large enough to permit unimpeded entry of air and water. Grate 29 can
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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WO 20091129406PCT/ US20091040844 | oading regine. Its el evation was
rai sed above the drainage |ayer to provide saturated conditions in

the botto dia. [0087]During one study, the kr (
red nud ngkgcg%ﬂggﬁgre with | oaded weekly with 49cm of ter |§E@ﬂgq‘

effluent conprising 2.2 ng-1-1 nitrogen oxides (NO) and 4.4 ng-1-1
total nitrogen (TN) for 81 weeks. The WIR nesocosns were w th | oaded
weekly with 49cmof tertiary effluent conprising 2.2 ng-L-1 NO and
4.1 ny-ihdudei\NG.BO BifedvegskegateAvheséin theomedian-diameterds vledus 0. 2tiehes toedbutehl s
were dosed with synthetic stormwater conprising 0.7 ng-U NO and 1.1
to 1.6 inghet,piefdiiblyadosttidinnehes, Maltitieca: linfiahligratin dffiid medid dawmdinto stone
Stormvat er | oadi ng characteristics, flow weighted concentrations

(mg- 14)laycaBel SBEE ldyeesdscah bg phefrabiy qr:aaﬁedewmqfemwd unBekdBeh 8hAaekat least

peri ods. Loadi ng Regi mre R0O4 TP NO NH3
about one inch, more preferably about two 1nches in diameter, which can be connected to an
outlet system 350 in an overflow standpipe 35, discussed in more detail below and depicted in
more detail in Figure 4.
[0070] A layer of media 36 can be placed over choker layer 32, preferably without using
wheeled or tracked equipment that may compress the media. The depth of the media can be
preferably at least about 18 inches, preferably about 24 inches, after allowing for about 20%
settlement. In areas of concentrated phosphorus loads, the depth of media 36 and amendment
composition and proportion can be manipulated to provide more sorption capacity in accordance
with the particular requirements of the site.
[0071] Inflows from a street 37 can be collected by a highly permeable porous concrete
curb section 38 sized to permit direct entry of polluted runoff while keeping coarse debris such
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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[0072] An outlet systern 350, in accordance with an embodiment of the invention, having
an upper outlet 352 and a lower outlet 351 1s shown generally in Figure 4. Outlet system 350 can
include a riser pipe 42, preferably comprising plastic. Pipe 42 can preferably include a diameter
of about 10 inches to about 18 inches, preferably 12 inches. The outlet can further include an
end cap 43 sealed to prevent uncontrolled water loss. To convey overflows, runoff ponded at the
surface can enter a top end 35 of pipe 42 through a grate 44 which can determine the overflow
elevation of the standpipe. These flows can be preferably conveyed from system 300 by outlet
pipe 45.

[0073] Inflows from underdrain 34 can pass through end cap 43 in a watertight bulkhead
fitting 46. Underdrain 34 can preferably terminate in a bend 47, above which a tee 48 can be
fastened. A swiveling eibow assembly 49 with reducing bushing and nipple assembly 50 can be
provided at the other end of tee 48 and terminated by an orifice 51. Orifice 51 can be preferably
adjustable to intermediate size by drilling the center bushing with a specific drill size, as applied
to lower orifice 51.

[0074] A reducing bushing and nipple assembly 50 can be preferably 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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[0075] The lower outlet can be adjusted to respond to field infiitration rates. In
permeable soils, it can be both constricted and/or raised, increasing the volume of treated water
that is infiltrated. In poorly draining soils, the outlet can be expanded and/or lowered, thereby
increasing the rate of flow while reducing the volume stored. In this manner, the response of the
system can be tailored to conditions encountered in the field so as to provide consistent
responses.

[0076] A lower riser pipe 53 can extend upward from tee 48 and terminate at a flexible
reducing fitting 55, and can be preferably fastened with a pipe clamp 54. An upper riser 58 can
be preferably constructed and arranged to fit at least partially inside lower riser 52. Upper riser
55 can be preferably attached to reducing fitting 53 with a pipe clamp 54. Pipe clamp 54 can
preferably facilitate adjustment of the exposed length of upper riser 55. A loose fitting bracket
56 can be placed to fasten the upper riser 55 to the structure wall 42,

[0077] Upper outlet assembly 352 can preferably comprise an elbow 57 proximate the
top of upper riser 55, within 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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percolation rate controlled by lower outlet 351 increases according to Darcy’s Law in a manner
such that flow rates in upper outlet 352 are many multiples of the low flow discharge rate. The
potential benefit of having a flexible elevation for the upper outlet can be that its elevation is
adjustable to respond to changes in infiltration rates that can occur over time. As sediments
accumulate and the saturated hydraulic conductivity decreases, the outlet can be lowered to
increase the effective head, thus maintaining effective infiltration responses. This can provide
adaptive management to increase performance based upon the stabilized characteristics of the
media.

[0079] The outlet system preferably provides a way to not only regulate small frequent
flows to enhance nitrogen removal, and to respond to field infiltration rates, but also to utilize the
capability of the rapid infiltration rate of the media to treat transient high flows that contain
particulate matter that still needs to be filtered. The ability to adjust the elevation and diameter
of the orifices can permit the systems to be responsive to changes in media infiltration rates or
design discharge criteria. In combination with the improvements to the media sorption and
infiltration response, the outlet configuration of embodiments of 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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nitrogen removal in the small events, which comprise the majonty of annual runoff volumes.
The outlet systems can be preferably designed and constructed to permit high flows in larger
events, thus permitting the systems to treat even substantial events with minimal bypass flow left
untreated.

[0081] Reducing urban runoff loads of soluble phosphorus (P) is important to minimize
impairment of downstream freshwater bodies. While P retention by newly constructed
bioretention systems is high, P retention in loamy sand media typically used in bioretention
systems can persist for up to and sometimes over a half a decade of urban runoff loads. Systems
in accordance with the invention can be amended with water treatment residuals, red mud and/or
krasnozem soil, a clay with high iron content.

[0082] It has also been determined that the capability of typical bioretention media,
without plants to assist in retaining phosphorus at stormwater concentrations, can become
exhausted after several years. However, the presence of plants can considerably augment
retention of phosphorus, far beyond that which is attributable to uptake.

[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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To extend detention time, all systems but one (the WTR-K nr treatment) were controlled by a

14

dual-outlet configuration. This involved an unrestricted elevated outlet which conveyed 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 clevation 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
each 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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[92)

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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newer WTR treatments contained two C. apressa at opposite corners, C. pachyphyllus planted at
one corner, with TM. thymifolia planted at the remaining corner, and F. nodosa planted in the
center. All mesocosms were covered by a gravel mulch 2.5 cm deep.

[0089] It has also been determined that bioretention systems with well-established plants
and long retention times can provide over about 70%, and even over about 90% total nitrogen
(TN) retention from stormwater. This TN retention is enhanced by dense plantings that perform
well for nutrient retention.

[0090] Replicated findings on nitrogen retention can be achieved, with over about 70%,
even over about 90% dissolved nitrogen (NOy) retention from stormwater.

[0091] Figures 5a and 5b graphically present the frequency distribution of inflow and
outflow concentrations of NO, and TN for the K20nv, and K20 treatments over the experiment.
The data for other K10/40, K40 RM06 and RM 10 treatments overlapped with those displayed, so
they were omitted for clarity. Because K20nv treatments eventually became ineffective, their
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
NOy 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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the barren treatment during stormwater runs. Cumulative TN retention by vegetated treatments
substantially exceeded projected plant uptake rates for N, suggesting that denitrification also
contributes to TN removal in bioretention treatments,

[0093] Further confirming previous observations, Figure 5a demonstrated how the barren
treatments always leached higher concentrations of NO; compared to the inflows, while NOy
retention in the vegetated treatments was substantial. NOy retention by vegetated treatments was
particularly evident at the inflow concentrations below 1.5 mg-I"" during the stormwater runs,
where outflow concentrations were nearly a log lower. These trends suggested that mass
removal was generally a constant amount, regardless of inflow concentrations. In this process,
small inflows loads will be reduced proportionately more than larger loads. These observations
show that the treatments were occasionally capable of discharging NOy concentrations even
below 0.1 mg-1"".

[0094] In contrast to the NOy results, Figure 5b demonstrated that TN was retained by
even the barren treatments, albeit much less effectively compared to vegetated treatments. As
noted in the case of NO, the vegetated treatments performed better at inflow concentrations
below 2.5 mg-1", 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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Table 3: Retention of Nitrogen Oxides and TN, Effluent Loading, Aug- 2008-Jan 2009
(kg-ha™ and percentage of inflow load retained).

Nitrogen Oxides Total Nitrogen
Treatment
Load ‘ercent Load ‘ercent

Inflow 221 382

Uptake 169 169
K20 66 70% 171 55%
K10/40 66 70% 194 49%
K40 86 61% 188 51%
RMO6 64 71% 154 60%
RM10 72 68% 164 57%
WTR-Knr 82 63% 141 63%
WTR-K 122 45% 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 NO, 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 lowcf cocfficicnt of variability in permeability. While the permeabilitics
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
trcatments nearly always leached higher concentrations of TN compared to the corresponding

WTR-K treatments.
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[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 NOx 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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meet t mrﬁerfblh'lﬁ §0dr@aIri s@dfﬁﬁva@lr&nsoﬁ‘hgé%ﬁf b fbn SR2FHAGN 51‘1' @Pflueﬂ%her e
was a reduction over 98% i1n all effluent | oading runs. Tab

summar | r
Papt O GXREDI te§tth 1 erit 1l th
2005187 BBl EREEE R P e YOh e e e o :
80- 81- vl R nES ThE WiiBo ANEnRE WaS BB 4 mS: il @hd Q3T AT
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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Treatnent |Load Percent Firct 81 %V PCke Inflnw 1 284 Uptake 101
K20nv 276 79% K20 136 89%

WO 2009/129406 PCT/US2009/040844

Table 4: Retention of Ortho-phosphate, 80-81-week periods
(kg-ha™ and percentage of inflow load retained).

Treatment | Load Percent
Firat 81 wwneke
Inflenar 1284

Uptake 101
K20nv 276 79%
K20 136 89%
K10/40 110 91%
K40 156 88%
RMO6 100 92%
RM10 55 96%

| aat AN werke
Inflow 1.1141
Uptake 120

WTR-Knr 55 95%
WTR-K 16 99%
WTR30 12 99%
[00106] Media in accordance with embodiments of the invention continued to retain

substantial quantities of phosphorus, even at low discharge concentrations. Up to 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 8§8% 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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K10/ 40 110 91% K40 156 88% RMD6 100 92% RMLO 55 96% 1 act Rn w apke
Intinw 1.111

WO 200%/129406 PCT/US2009/040844

as low as 0.003 mg-1"!, below even the strictest discharge criteria for stormwater. This shows
that media in accordance with the invention can reduce P loads from stormwater and wastewater,
[00109] There was a trend toward decreasing P retention as P accumulated and the media
became more saturated. On the other hand, up to 99% of the total P load was retained in systems
with the water treatment residuals, and there was a no trend in retention performance over time,
[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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Upt ake 120 WTR-Knr 55 95% WIR-K 16 99% WIR30 12 99% [ 00106] Medi a
in accordance with enmbodi nents of the invention continued to retain

subst ant i alyodysnbbdos €s of phosphorus, even at | ow di schafias2009/040844
concentrations. Up to 92% even 99% total dissol ved phosphorus (DP)

renoval from stormwvater can be achieved in these systens after over a
decade and even three decade's worth of stormmater | oads.

[00112] As described above, a water treatment system for removing substances from water
flowing into the system in accordance with the invention can comprise a water treatment
chamber comprising side walls, a bottom and an inlet. It can have at least one 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 within the water
treatment chamber, the retention layer positioned to receive water from the inlet. The system can
have an area of at least 36 square feet, a volume of waste water of at least over about 36 cubic
feet as a depth of 1 feet multiplied by the area of the filtration layer, per hour.

[00113] Systems in accordance with the invention can have a draihage layer under
retention layer, and be constructed and arranged so that water treated through the retention layer
can be collected by the drainage system. The drainage system can be under the inlet and
retention layer, and within a drainage layer, constructed and arranged so that water to be treated
can flow from the inlet, through the retention layer to the drainage system. The drainage system
can be constructed to direct water that passed through the retention layer outside of the water
treatment chamber.

[00114] The retention layer can be made 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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[ 00107] By way of exanple, after 80 weeks of |oading with wastewater

| oads, the nedia in accordance with an enbodi nent of the invention
can show DORor@tsanbjoen from wast ewater of over 88% and emeEyB8iHo40844

[ 00108] The results al so show that P retention by barren krasnozem
medi a eventual | y beconmes exhausted under | ong termloads. |nproved
media wll delay this inevitable P saturation, but vegetation can be
desi ragdqg Eoth for u ta}:;r?l and for its effect upo exte&d_i ng P

sor pti Ldaci t yF1e A oLihe Water RpIRSRICATPHcAD Re sybsiartigliydmpermegble to
ng-1-1, substantial retention of P in_stormivater persisted past two
decadesv#i@rilaw ard tae bettamapemeplla giswitar Baw owfedihe chamberd Thy deainng sypten epn
not show saturation in the K40 and WIR treatnents, with an

i r r educiopipsiscongwntl eltdrgnage\Mpead e, 1P 349 GPCH WS2D gL 0ls0BoYctnand cotwitbe
0.003 ng- 14, below even the strictest discharge criteria for

st or mav@er. trekiment shenter binbtermeeteawith a dowaodasiasechadifimt Fhatinmebatisnotan be
can reduce P |l oads from stormvater and wastewater. [00109] There was a
trend towardtcdead aasiged tdaltehatithilpregaitefhaflew bbivatee utaf thetvierRaingnt
becanme nore saturated. On the other hand, up to 99% of the total P

| oad WaghakBédh QSR rdnf ISWSAIBEEn Pobbrtibh & MEbREsukd IRAH BB Rhatef ﬁgmgamugrmel
there was a no trend in retention performance over tine. [00110] These

resul t sephau hpat Thﬂ%%g&ﬁﬁt”ﬂgﬁ%ﬁnﬁ et o RHRSIAY hiﬂaln\{csi iHPJsﬁt?&%e B

retention 1n bloretention systens; tﬁ y also extend the usable life
of the a8..; I ot . I nsi ve
and w da g Ecitet PEAEL ARG Sy iR AR AP SR SRl UASHART
very high saturated hydraulic conductivities.can b bt aj ned _even
it i B so B g SR h A G FRE p A PP leFifiment
several .treatnments, there was a broad range of conducti.vitjes between
op | cftBber i AR BRI GPR LR 15 ] DS SeadeRARRER U BReraid ovie
configuratjion was deve| qped to eLain flows to provide nearly

i dent | CPENINE BPBLd at QIg'BﬁPg}Vdea sghtof st puHehapsning & et até firstowns
conpared to free discharge systens t hey showed that the system

r esponsuesseanviier vl lasy e theloproytist erenisre onhie butess B gecong suffigiently bigker
where extensive treatnment provided by extended detention is needed,

t he outpressureamatbewdlofdw guireédothowdetdipagings. On the ot her hand, in an
ultra-urban setting where systens are designed to filter high rates
of flovi00tl6é out [Tabs wddla theee korfbegushedntiod detdbal mdpbintdd comsgvelhfeatuecs
still treating even | arge events through the nedia, thus avoiding
bypass dfleaibsdimbhisof tHearéseyt ihvapkion,dswillkicamtéood fhasedion® oiisionedml S
and oil and grease. Furthernore, as sedinents accunulate on the

sur f ac euBdutions beecHaRgesah R AbinY End &ltBls of R ddlob&f iHvéian RRyadinbabeg to
inprove rates. This capability for adaptive nmanagenent is an energing

trend ipodeRRide s @R aRiwihber d%ﬁ% A6RANhE it of tMBhvention.
2009/ 129406PCT/ US2009/ 040844 [ 00112] As descri bed above, a water

treat mTBél 1573'St empf 00155 &MMINAGs YR ?ﬁaﬂh%?éllctv&if?@l:l\éﬁﬁsearre 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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flowing into the system,in accordance with the invention can conprise
a water treatnent chanber conprising side walls, a bottom and an
inlet. It can have at | east one retention |ayer conprising a nedia
formul ated for phosphorus retention, conprising at | east one of water
treatment residuals, red mud, red gypsum and iron or alum numrich
soils within the water treatnent chanber, the retention |ayer
positioned to receive water fromthe inlet. The system can have an
area of at |east 36 square feet, a volune of waste water of at | east
over about 36 cubic feet as a depth of 1 feet nultiplied by the area
of the filtration layer, per hour. [00113] Systens in accordance with
the invention can have a drai nage |&€ladMinder retention | ayer, and be
constructed and arranged so that water treated through the retention
| ayer can be collected by the drai nage system The drai nage system
can be under the inlet and retention layer, and within a drai nage

| ayer, constWiiéid8 W dMED &iged so that water to be treated can fl ow
fromthe inlet, through the retention |ayer to the drai nage system
The drai nage system can be constructed to direct water that passed

t hrough the retention | ayer outside of the water treatnent chanber.

[ 00114] The det entivoatel tagptment aysteye foraeinowhg subsianeesiftom wetat flowngpnath thet

| east of over about 12, preferably over about 24 and nore preferably
over abgatm3Bnipnsings of water passing through the layer within 24
hours, such water having a nitrogen content of at |east about 0.50

ng- 11, and/or a phespbey Meentomnlaeat coffpriging laedalia Rbaulhted f&Gh¥gpHorusand
reduci ng that nitrogen content by at |east about 40% preferably

about  8Q¥aRRA¢ M pristfiimie RY moREoMRASIRRQAHE FRRUER! red Yml reld%@?%nﬁ%ﬁtﬁch
90% preferably about 95% The retention |layer can reduce that

ni trogep ¢eat, RYicRboil.€ast about 40% and/ or reduce the phosphorus
contentg%y atﬁﬁéﬁstca ot 90% WD 2009/ 129406PCT/ US2009/ 040844

[ 00115] The wal I s nt ch tantia

f..th t t t 149) b b
{mper neabl e to vALEIRr SR P RE HAT e PR OhaT I BRBH RO AT bhRbied
f th nmb The drai t . [ t. k of
dr ai nagid BFIEST FUBELS 1! YDt i Welor Paipne roieh dhce PR LI SaRe our

of the water treatnent chanber and term nates with a flow contro
mechanicethictedbyith@inass £#f®hn be constructed and arranged to
automatically regulate the flow of water out of the water treatnent
chanber at diff en bottom layar wglee she drainpgelgpart i on to the pressure head
of water flow ng through the filtration layer. This can permt

adapt i ve nanagentetdriinagespiterolcofidiomied pndanraged so thespansantfwwetheough she
in either nedia and/or soil infiltration rates, and/or changes in

r equi r ectertiondhar go tieidiGnige.sysdba; f| ow control mechani smcan have a
tube receiving water fromthe water treatnent chanber in fluid

communi cation tOtlﬁtretleﬁﬁﬁltla}?erfeff'é@tive@@geﬁ a_&ﬁﬁm@he@w&f@h IRBEMehaterifAsing

second outl et opening positioned at a height above the height of the

fi \ ji . o : - I
I T st %E)JJ%‘{] t%l?&‘%éﬂn'aﬁ 133 @vlﬂﬁﬂtn 21%'[1‘%)%18, EJcﬁtwa‘?ér%ﬁﬁgé g it ¥ EOM%’%} Ofang lgég} 84b

t he | ower et openi'ng o ut at a secon urfircient

idl f i 0 )
0 25 LB bt R S REEPAPBR kSRl e

features, of enmbodi ments of the pr nt inventjon, it wll be

Under stHATBRE OEFRERNEHPY S AL SeEIRE bR PsehomRFoBirah e rast
the formand details of the disclosed invention my be rmade by those
skilled%n the art without departing fromthe spirit of the
invention. [00117]1t is also to be understood that the foll ow ng
clainms are intended to cover all of the generic and specific features
of the invention herein described and all statenments of the scope of

the inventién whiBhsysts of ghaipy o wherein dis geramgion lapeg tat lrastsla 1ches thigl. |

-37-



at | east one retention |ayer conprising a nmedia fornul ated for
phosphorus retention, conprising one or nore of water treatnent
residuals, red mud, red gypsum iron rich soil, or alumnumrich

soi | ; a drai nage |layer including a drai nage system under
the retention | ayer, constructed and arranged so that at |east sone
of the water passing through the retention | ayer can be collected by
the drai nage system a bottom | ayer under the drai nage | ayer;

t he drai nage system constructed and an-anged so that water can fl ow
t hrough the3r et eMh¢ oRtchbyflaimit, heleth GE BbNag Eaysy B tsaiiantially impermeabldi®
retention layer effective to treat a depth at |east of 24 inches of
wat er Ragshieg, t hrough the retention 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 the retention | ayer effective for
reduci ng that nitrogen content by at |east 40% or reducing the

phosphor us gont efhe S¥ted! off EAM3, 3Wein the drairege 8 ¥SthfiRe®h nbtvwadriba
wherein the retention layer is at least 12 inches thick. water flow.

4. The ‘ i n ‘ ‘
d?‘a\{xﬁ&g WRE, o le@étg?gg of WiRh ;?élﬂnﬁatﬂe% vﬂﬁﬁ% il i%mﬁ}’o?l h&%@heﬁn‘?srﬁ%élﬁﬁﬁﬂ@daand

network o rai nage t s, at least one ch termnates wt

fl ow copntrol,.mechani sm.const ruct-ed d.arranged.to automtically..

r egul aagtand 4 FEGRM ST PR H 0%, g LhARBEE ebleBiRIF i ardion o
to the _pressure h of ter flow ng through the retention |ayer.
5. Thet ?Sé}‘heg’f:acg‘i?ig‘?"?ﬁrﬁz’a%%F}‘é??gﬂtﬁgleﬁnaﬁp g’tyﬁ’f rol mechani sm
conprises a tube in fluid communication with at least a first and a
second outl et opening, the second outlet opening positioned at a

hei ght above the height of the first outlet opening so that .at .
Frrot prossare. B BFER TP, Gt e ToSiaeRle R B Spanrg s iybe in
but at a second sufficiently higher pressure, water wll f|ow out of
bot h ofitidtomypEtsatga with at ieast@. lfﬁfr?é‘défé‘f%%ﬁetcﬂpa?lﬁ&ﬁ?e ReeREQYilef prening
retention |ayer conprises water treatnment residuals. 7. The
syst empeditierediaps Beighirabpes the hpight ditemiissbeptlch geaningrashat gba figh pespsure, water
treat nent residuals. 8. A nethod of treating water, conprising:
provi diwnl flawet the loweautetrpening talyl bittizba secong siffitiagglahigher fpegseurepratert o
t he atnosphere, the surface adapted to receive the water to be

t r eat edakill @oweatueof banlnobitdey eperdiypri si ng water treatnment residuals, and
a drai nage | ayer under the retention |layer; directing rain water
runof f or wastewater having a nitrogen content of at |east 0.50
ng-1-1 or nore or a phosphorus content of at |least 0.30 ng-1-1, onto
t he surface6and Pk systehi ofglditel, whierin the réteraioallayeocdhgriseetveret treaiment

| ayer; and allowing the water to fl ow downwards through the retention
| ayer t&idubR. drai nage | ayer, wherein the water treatnent residuals
reduce the nitrogen content by at |east 50% or reduce the phosphorus
content by at |east 90% 9. The nethod of claim8, wherein the
rain water runoff or wastewater has a nitrogen content of at | east
0.50 ny-1-170r aThhesRI0sUSiad)ixdBtei0the ddtedtRAIdyeP calfpritds Watkr tradishent
allowing the water to fl ow downwards through the retention |layer to
reduce dhabisni trogen content by at | east 60% or reduce the phosphorus
content by at |east 90%

8. A method of treating water, comprising: providing a water treatment installation
comprising a surface open to the atmosphere, the surface adapted to receive the water to be

treated, a retention layer comprising water treatment residuals, and a drainage layer under the
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10. The method of claim@8, wherein rain water is directed to the
retention layer froma paved street. 11. A method of treating
wat er, conprising: formng a retention |ayer conprising water
treatment residuals; directing rain water runoff or wastewater having
a nitrogen content of at least 0.50 ng-1-1 or nore or a phosphorus
content of at least 0.30 ng-1-1, onto the retention |ayer; and
allowing the water to fl ow downwards through the retention |ayer to
reduce the nitrogen content by at |east 50% or reduce the phosphorus
cont entetéitioallayetatitec R P ainRER LN IO BEWtemEhaPing AlrStreled cPhtamiofdt lefst Or
above the retention | ayer and assist in the processes that renove

ni trog@roanel] 9l %%@W&%Hohﬁ@ohﬁﬁt yrak Ferast 0. %@lﬁ&rﬁ@%e%&ﬂée%ﬁ' ng
wat er , conpr|3|ng forming a retention layer conprising water

N 2 gen i ?q*a“’aﬁééﬁé?“‘%% b R Cr i
t t t t

S ot hsOtsnibeasfaRon By e s e iPGstnibe Hatr BeasRbReifhliuedyos the
d h tr tent b | 0% th h

oo ol o @t by 2699 SUAEt-7 <t 16 PPETBARES SR FIF lad 298 or b o

at |l east 36 square feet, and wherein the volune of the water is at
| east 36 cubic feet at a depth of 1 foot multiplied by the area of

the retentign | ayer. 13 stem for treat wat er ,

conpr i si ng: B ¥R inethod gf glgfayothssn &gﬁéﬁmcvm%ﬁrrpsquﬂ@g‘a SFF‘é’mt%{ has a
formul ated for phosphorus retention, conprising either wat

t r eat mBHIogERSeIEN OB at lpastO-a0 me-Ir ber mplipspiigrucproniany el 4 deagh QR WET‘I‘TIF pldh
soils; at |east one drain pipe under the filter |ayer constructed and
arr angeldlowmg dhreawatontp dlovadeaxnwardsithrongh istretentianflayenéo fedhgecthati natpegen content
the drain pipe extending to an outlet system the outlet system

i ncl udbpgt ladst be%HSIr réducs thegphdsphenn rdnterdryi an fssti99%6.1 ui d commruni cati on
with the drain pipe, the second opening at a hei ght above the first
openi ng; and a layer under the drain pipe that is substantially

i nperneable to water. 14. The system of claim 13, wherein the
retention | &Q.er Thenpeihsesf vlaires, wireesin naimvatee & dirgaled to the retentiohBayefhrom a
system of claim 13, wherein the first opening is in fluid
communppsaaddisegetd th and at the distal end of a conduit, and the height
of the first opening can be selectively adjusted by selectively
changi ng the el evation of the first opening. 16. The system
of claim 13, wherein the second opening is in fluid comrmunication
with and at 1t.he dimséthdd ehcbadiig @aenrRomptising@rfdmiing a haegioh 1ofer thigpistaond
openi ng can be selectively adjusted with respect to the height of the

first qpentesnRit Saleas;idnetihgemivviSertrbioff &Watidwater having a hftrogéh €ontent of
system of claim 13, wherein the hei ght of the second opening is

i ngt ant je i be%% i Br Hor@%%‘iﬁo&ﬁ%rd&%’oﬂ@ht &fat I§ Or i} IﬁQtl 1108t ﬁ')éq{:t'ennon

The systen1 claim 13, ‘conprising a l'ayer of sofl over

retentjgg. @ﬁsﬁw@ingtms& (§ fbb AT 1 A0S Ir¥RG e orf a%mo Jea& the

gr ow ng SSIS I'n th en an

phosphorus conta n1th e nd the h L he second

openi n B.l {ogeworﬁ?nglb&a é o gl e uﬁ%ﬁ? pﬁ}f)s;ﬁ@)ais gontentebygdt east 90 0, wherein one
or more plants are planted in or above the retention layer and assist in the processes that remove

nitrogen and/or phosphorus from the water.

12. A method of treating water, comprising: forming a retention layer comprising
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19. An outdoor system|ocated in:the ground for renoving nitrogen and
phosphorus from water, conprising: a surface | ocated
outdoors and open to the atnosphere, the surface adapted to receive
water to be treated and to permt water to flow therethrough

a retention |ayer positioned to receive water that has flowed through
the surface, the retention | ayer adapted to renove nitrogen and
phosphorus from nitrogen and phosphorus containing water flow ng
through the retention layer, the retention |ayer conprising water

t r eat mevater trestingotilesidud stdieeichgremnwaeravnaliisl yasesederiviagdinfitteyes nontent of
water treatnent facility and contain inpurities the water treatnent

r esi duat kad1ad0nmegrby ed nfokodn aysiosghois dohenpdfl ad teabtrOest g1, b6 ithel retentidhe
retention layer formulated so that the water treatnent residuals are

t he prilgyeF,; Yind Bl &hind khef Wited 8 MRMAl 0w aRIRABROSK the raBlidh 1hye? 4SRdudHe
a drainage |ayer under the retention layer, the retention |ayer

adapt e%tf-c%elﬁ)%ﬂﬂsﬁt b%¥ st 15094 drQkP t]‘#ng?lg Ih@h@‘%g ehiO%BHt least 90%, é‘a%ren;r g

systemof "claim 1 mhereln the sur s at least 36 squar eet

area. retent*op?)%xe{ ge anl e en %aft%%%'qﬁgrg‘?ee ﬁr%lnﬁge %Iante of khe water 1s %tZ

ext endi ng ion Tayer, up bAT roug

The sy cl e.r t|on I S a Ieast 12

! nohes Toa Jagubte 86 3 depdtGE T Soel ittt b Mot @Fe@flﬂnhxsr-system

i ncl udes a bottom | ayer that is not perneable to water. 24. The
system of claim 19, wherein the syst emincludes a bottom | ayer that
i's perneabl to water stem of claim 19, conprising a
| ayer of soi 17’ orAT’?ﬁ’FtE’ﬁ‘ fBQté?ath%g" aFe&Cgﬁ'{P%/TBIH & ayer .

a retention layer comprising a media formulated for phosphorus retention,
comprising either water treatment residuals, red mud, red gypsum, or iron or aluminum-rich
soils; at least one drain pipe under the filter layer constructed and arranged to draw water away
from the bottom of the filter layer;

the drain pipe extending to an outlet system, the outlet system including at least
first and second openings in fluid communication with the drain pipe, the second opening at a
height above the first opening; and

a layer under the drain pipe that is substantially impermeable to water.

14.  The system of claim 13, wherein the retention layer comprises water treatment
residuals.
15.  The system of claim 13, wherein the first opening is in fluid communication with

and at the distal end of a conduit, and the height of the first opening can be selectively adjusted

by selectively changing the elevation of the first opening.
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16.  The system of claim 13, 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.

17.  The system of claim 13, wherein the height of the second opening is substantially

within or above the height of the retention layer.

18.  The system of claim 13, comprising a layer of soil over the retention layer and an
effective amount and type of plant life growing in the soil, to assist in the removal of nitrogen
and/or phosphorus contaminants from the water, and the height of the second opening is within

or above the layer of media.

19.  An outdoor system located in the ground for removing nitrogen and phosphorus
from water, comprising:

a surface located outdoors and open to the atmosphere, the surface adapted to
receive water to be treated and to permit water to flow therethrough;

a retention layer positioned to receive water that has flowed through the surface,
the retention layer adapted to remove nitrogen and phosphorus from nitrogen and phosphorus
containing water flowing through the retention layer, the retention layer comprising water
treatment residuals that had been previously used in a different water treatment facility and
contain impurities the water treatment residuals had removed from water at the prior treatment
facility, the retention layer formulated so that the water treatment residuals are the primary

material for removal of phosphorus and nitrogen; and
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a drainage layer under the retention layer, the retention layer adapted to permit

water to flow to the drainage layer.

20.  The system of claim 19, wherein the surface is at least 36 square feet in area.

21.  The system of claim 19, comprising plant life extending from the retention layer,
up through the surface.

22.  The system of claim 19, wherein the retention layer is at least 12 inches thick.

23. The system of claim 19, wherein the system includes a bottom layer that is not

permeable to water.

24,  The system of claim 19, wherein the system includes a bottom layer that is

permeable to water.

25.  The system of claim 19, comprising a layer of soil or mulch over the retention

layer.
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