MODI FI ED FACTOR | X POLYPEPTI DES AND USES THERECF [ 001]
This application clainms benefit of U S. Provisional
wo\ppbilz|bvé on Serial No. 61/124,567; filed on APCT/USHE9/040844
2008, and U.S. Provisional Application Serial No.
61/ 045,961; filed on April 17, 2008, the contents of
whi ch are incorporated herein by reference in their
entirety. FlI T 0 {nvention
relates to ﬁbﬁ‘&@NﬁlﬁQ&g@ﬁkﬁﬁmﬁEi@ uch as
Factor |X polypeptides with one or nore introduced
gl ycosyl ation sites. The nodified Factor
pol ypepGR@QSS REFIERENGE TOREEAILD AP \lrItG'AE)T](QN$n vi vo
stability such as a longer plasma half-life. The
[001] mvenffh’éﬁlpﬁlll%oﬁé a&%ﬁlet%@ tohdHS. RypviniaRkplidptens dippfieafion Serial
Factor | X pol ypepti des, and net hods of using nodified
No. 61/64% 5@, filed ppiilyise 00’ esled F BIORKABRNITEONtSY STt ANBXMERTOD,” and
afflicted wth henophilia B. BACKGROUND CF THE
also Sedi NGNGB NS [100 FlcdiesBriakiyl 1, 208 . eThegitie onesibf Bbscdde 2dBrporated
mal es and 1 s caused by various genetic defects in the
odi ng coagul ation Factor |X (FIX) that result
heremt%ﬁ%gelri&%gr | ow or undetectable FIX protein in the bl ood
(Kurachi, et al., Hematol. Oncol. din. North Am

6: 991-997, 19 ' 350- 357,
1998). Insufflﬁécelﬁpﬁ%ﬁ/@ﬁsb Wead (?SNdef ective
coagul ation and synptons that result fromuncontrolled

[002] bl eedThginvelemopdelatésazeBenaly ta @syseun &frfiestingy efflpeftycontaming
i ntravenous infusion of either plasma-derived or

particulbRGATRIREINEd FbXit@tOt Blofe §ictifiehlly, shSinopntlInaelgesthatystem and
have already initiated or to prevent bleeding from

methochf‘I&lglié.ﬁfo'Vn%r&eés@ %’ﬂgf_é%éléo%)s j;%g%gﬁggeene(N) aéuch aﬁﬁ@&ﬂ@ed@ haH N in the

ar cother. 6,1517:1524 20
form of BT S Bh0Gas i P8 AR g ST P%hﬁ?% Pigiter effuent.
Ievel of FIX of, aboué 1% o ff or mal Ievel1 (G ang rang
The mV@(ﬁ‘%‘r?t SO 145¢s tpimpipyedIsae fop! 011519‘“15120&13 PYPHEFCNBAIR wgcetention
of the approximately 18 to 24 hour half-life of native
systemsFnd apgmphaied phtieirfar proriofied ngrogee cdemsionant ), FI X | evel s
drop to less than 1% of normal levels wwthin 3 to 4
[003] days Badrttentisigsysehisoficnjitdiideanbastn olvoneaeths icffaicasto be treated.
repeat injection on average every three days to

The bot& bEWE bﬁ&fl%édrﬂﬁoﬂﬁz% babtsdfs foRnaEandRt israesd with
Qpi n. Pharmacot her. "6: 1517- 152 2005). Such frequent

Vegetatloﬂt rA%\{ﬁé]gl?flﬁ Ilflthagsceg 'ﬂﬁr&\l/éhsthg %@étgw {eg{,)ﬁ %%hﬁ{% Spsollﬁ[h%s are

a hur achieving e r axsi

, I 13 S 2: 16-
femove§5asé’{lﬁra§}qny SR YRRB 0% <R Re saP e im i Sl g piological
hal f-1ife would enable | ess frequent adm nistration

processgnef the sestenp suchrasyiegertyccadmigeaia Honsh apiake, asvpihaRyhemical
OF THE | NVENTI ON
adsorption/precipitation processes (herein referred to under the category of sorption), which are

effected by properties of the media. Dissolved nitrogen can also be removed from the effluent
by vegetative and microbial biomass uptake, as well as biological transformations, including

denitrification, that eventually convert nitrogen into nitrogen gas.



[004] The application provides FIX pol ypeptides (al so

referred to as nodified FIX polypeptides, FIX nuteins,
W@er00PN12040@r i ant s) conpri sing am no acid sequenE@B(USNm/040844

have been nodified by introducing one or nore

gl ycosylation sites. In sonme enbodi nents, the one or

nore gl ycosyl ationsites nay be N-1inked glycosylation

10041 ongu P FERTARRs HBg VT RS UERBEtT B S REE e offluen
nodi fi ed pol ypepti des may conprise at | east one

managegies factifich EW skuptyages rumnit infemy efremering seRBEaIA aaA gediment bound
VB6A. I n sone enbodi nents, the nodified pol ypeptides

phosphoray axdbmogse Bos bart hepdREA84haretcVwBGA veudrstiads thiat baes been
[005] The application also provides FIX pol ypeptides

impacted®YIrb&l HQ/@HghioulaghidusefuenehantcReht thav@ePeRnhe subject of what
nmodi fied by introducing one or nore glycosylation

are refeitkd ?osas TEL NThSnRd Egﬁfgg%ggf l\tqgit) EHEHR 85 ARTRTS. SBo®ever, typical

car bohydrate chain at he one or nore
bloretet%t??t ' O E}%g %Jy%r a{l(gy Xlﬁ 1ta|a%n fI‘SIG E}g%harg?\elllt?etskara lecsgl FJE) gs’rg]i %issolved
n s e di nents, the car ydr at e chaln ma i
nitrogety s@eloag FF&%GE éVﬁgg’gP%HWr%@@Vaﬁh Mﬁiﬁ‘?%‘{grt?; HRCEFAsC TqiGtign pg nutrient

enbodi ments, the carbohydrate chain may have a human
pollutargs oo bt dPDE ceitetiarcas e wepentant in theglgsian efbBuicntenansgempe
attachnment of a carbohydrate chain at one or nore of
facilitick, e theyt candniere dffgétisebsyloatss @fflieint msa e dcogrtads endefifioient
hal f-1ife of the pol ypeptide by, for exanple, at |east
manner30% rel ative to the pol ypeptide | acking the introduced
gl ycosyl ation sites. In sonme enbodi nents, the

[005] att acﬁg@& 1ngfgd %e?@fsbaq{l%g ?&tlﬁlp%]\%ki%lcggteﬁ% ste ra%d%ei%hods and

the intro cos Iatlon sites does no

N

pol ypepti de | acking the introduced gl ycosyl ati on
sites. In sonme enbodi nents, the attachnent of a

car bohydrat e c RV NIMARM O F FHEINY BNTIQN | nt r oduced

gl ycosyl ation sites does not inhibit interaction of

006 the PAl BieRRintiEE sYdtdrh add mleBRIta Rt d Farat@bvivh phosph d
10%¢] (FV II) Fact or %? (I%XI)e or Egg?gr X (FX) Elgb OSphoTuS an

nitroger§ ﬁ?mgep?erggﬁ a{csa?aﬁé %Q]}{Qer agg ?{)olnﬁ%g{regt gﬂé ?egﬁ g ) c{]rtn%{hoh R&n include
‘ ﬁltratwﬁt SR, %ag%%m%%ﬁpﬁ%&hh bypibi e seag ko

speC|f|c activit , .for exanple, at |east 100
unlfomuw qosf b‘gmt ,{aé nged ﬁ&@ gzmlc; g@terllab@gljstamh‘@ dsp@mpPsitigy) such as peat
gl ycosyl ation sites may be introduced via one or nore
moss, bimdedtogethdr with s tfine dtacbors of dtine likeibstdrialigmenbnamaiabeg ahigh
surface exposed residues and/or be limted to
phosph&iabis §drptid @pacityhalfhcd@an@imadtiit fractitgecad vatit Rbm@BokBIVO 80% by
to be associated with henophilia B. Exenplary

volume€MRQ %kgﬁ%ﬂ:t RateASl WK AoRabyRAPIH Q@% Wﬁﬂné ' aﬁ]ﬁ tROEnOfraction
nore substitutions such as, but not

amendment can vary from about 10% to 40% by volume. The coarse fraction component can

include materials crushed to sand particle gradation, preferably U.S. Golf Association (USGA)

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



(a) AT; E33N, E36T; E36N, R37N, F75N, F77T, E83T;

D85N; V86A; K91T; A103T; VI107T, K122N, K122T; S138N;
WQO2008MR9406L48N; F150T; P151N;, T159N;, A161T; Al6GHCY/US2009/040844

T169N;, QL70N; T172N; D177N, D177E;, F178T; K201N;

K201T; K214T; V223N, Q26N; Y226T; K228N, K228T;

E239N;, E242N; 1251T; A262T; E294N, R338A; R338N;

more th%fﬁ% shggla%fgrgesfﬁ{ﬁn @g%ﬁh E%grg;)r/r’e @gg%fshéiéé%fless than 1/500

_ K413N; L4141; (b) YIN and S3T; S3N and K5T; 4N and _

inch. Exgmplexgfpifrgaliy matqrgh inpldd egrmshaenestanepgan-ceded spnd, utralized
IT, VION and GI12T; QI N andN13T; Gl12N and L14T; N13

residuc amul fiEds Dautiteditocassin® crasheibbivk,aomal Hic7orgal dinpeoretnERAkiTinclude
E20N and K22T; S24N and E26T; F25N and E27T; E26N and

coir (cob@fit huid /peatspda2 thbis. AREN @ attd A Emdidhedd ivddds aluminum- or
E30ON and F32T; V31N and E33T; F32N and N34T; T35N and

iron-bad&d Water FBEML AR de e DT (\J@ﬁ%@é&%ﬁ% h@ﬁué’ﬁ%@&k@%&’\ﬂ%& duct from
FA1N and K43T; WI2N and 4T; K43N and Y45T; 44N and

s YL 0 B T R SR S OO 5o o

, 68N.and E70T, G/6N and E78T, E78N and K80T,  E83N and

1ron anggRInyng EE‘“ Bfey Wéﬁ?;mﬂgw\?r%ﬁ @Rig%‘lfelg f?%F BERY aReficaiensT;
S102N and D104T; A103N andN1O5T; D104N and K106T,; '

[007] K106NThasysterosan alg ingBide ap duidét sygTm havingaNowatowER Bhipe
QL21N and S123T; Al127N and P129T; V135N and V137T;

extendifd @phhrd febnSp@STaty Hrbwanout(gt, 39 d ;an @pBaNualntcoBhddtdd to an upper
T140N and K142T; S141N and L143T; E147N and V149T,

i A 1. TS L SN 5 i

removal R RS e D O R AR e Ao S e ronoft

Volumeéig%e ;ﬁ et% %%ge-:;;albllpll 4%6%]3 h%}gtg%rvirs 1-%1]11%%% %H‘%l’r\' 6%1%@‘[ events to pass

S171N and QL73T; T172N and S174T: Q173N and F175T;
throughdhg medisn thag permittnpghasistrnstedest cvEn guhtayigl avegtswith minimal
D186N and K188T; A187N and P189T; P189N and QL91T;
bypass 2@t amtdea202T; K201N and D203T; V202N and A204T;
E224N and G226T; T225N and V227T; G&226N and K228T;
[008] V227NTBg gl sted? 8an furiB3Gihcianel gtads8, Ttreek 238 hesadhd/drdf Orubs provided in
E240N and E242T; T241N and H243T; H243N and E245T;
an amotigd AN dve Mgﬁ)%i\éaﬁﬂﬂaﬁzaﬁ%ﬂan%i%ﬁnht%lﬁpgs WaP&Tmedia
I 253N and P255T; A26IN and | 263T; A262N and N264T;
inﬁltratDZ?GNe%{lqg P278T: V280N andN282T: F302N and S304T:;
S3PIRPANG Y306 T; R312N and F314T; V313N and H315T;
F314N_and K316T; H315N and G317T; K316N and R318T; . . .
[009]  317NTAREYSEM saalseppyide dhgme zawnemaswwm*ﬁnn a unitary
R327N and P329T; P329N and V331T; D332N and A334T;
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.



L337N and S339T; S339N and K341T; T340N and F342T;
T343N and Y345T; G352N and H354T; F353N and E355T;
wodBgneEm G356T; E355N and G357T; G356N and RBGBUS2009/040844
G357N and D359T; E372N and E374T; WB85N and E387T;
G386N and E388T; A390N and K392T; (c) D85N, K122T, and
| 251T; DB85N, K122T, and E242N, E125N, P126A, and
[0010] é% é Z:,Ept%é N:cts\lé%'}é ?&%turgggf Tg% él%%:ent%ge%gpn glji'lg g%ongqq%parent from the
A161N; P151N, V153T, and T172N, V153N, Y155T, and )
follow1@@qtm?edmmtlo(gmde&ddn mgqqtlopg)gg;\r’he AGEURDanRiE drawing
E355T; F353N, H3541, and E355T; V370N, T371V, and
figures.EB 72f0; bei@ideistood 3dw g ven night BB /& TwingB @fdN]esigBO@ N lelxrfdr the purpose of
G393T; D85N, P151N, V153T, and K228N; D85N, P151N,
illustrat\bbSahd nodidla EFdfibn $tBe TimifebP 1Y, inWekvidh, formthidhd2RMNince should be
K122T, P151N, V153T, and E242N; K122T, P151N, V153T,
made tR8 a §di c2A48N, F150T, (226N, and K228T; P151N,
V153T, T172N, and R338A; P151N, V153T, D177E, and
F178T; P151N, V153T, G226N, and K228T; T172N, G226N,

K228T, and ; and
F24on pesNPRERE NESORIBROE Ly THENRABINGS (15,1
P151N, V153T, &226N, andkK228T; S138N, P151N, V153T,
[0011] G226NTIhapattikd28FEatuTck48N ad FIBPEs o R 6IN;enK@2 8T wehiaslother objects
R338A; P151N, V153T, T172N, G226N, and K228T; P151N,

will beddhR3bpalo’Fém thcl B bwidNebsBIeA, takS ENonddaDh, wiEeN,
K228T, and R338A; and P151N, V153T, T172N, G226N,

aamnm?ﬁ%ﬁ%dn@ﬂﬂgﬁ%ﬁ@ﬁbrand any conbi nation thereof. [007]

ne or nore glycosylation sites may be introduced
[0012] :ogtp?l gg? %f%lté‘%{p%té%%tlgﬁ%qg’:ﬁwngﬁ 3 Efo%(er‘][oritbo%gsgllrs_t\é%tﬂl 98cordance with an
.polype tides. conprising one or nore substitutions such
embodigpen Hhibe HeETiony ted to: R37N;, DB5N; K122T; S138N,
A146N; AL61N, QL70N; T172N, D177N;, F178T; K201N;
[0013] K228NFIGEZ39 M, fromp agumiongl MBawT of apetiet syspgn Ny aqegriange withl an
E410N. O her enbodi nents may conprise the foll ow ng
embodifrledt gfahy pepitiches conpri sing one or nore substitutions
such as: GB9N and S61T; K63N and D65T; G/6N and E78T;

[0014] S102NFERG RLGHH: s8N va&e B@Qﬁi—&et@ﬂt%lﬂiré’t@ﬁiﬁﬂ @6dorddatd With an
andQL21T; QL21N and S123T; S136N and S138T; QL39N and

- . T140N: and K142T: T148N and E150T: V149N and
embOd@%ﬁﬁth%é’%‘H“ggdv1ssT; D152N and D154T: V153N

d P \V156T; 6 d 8T, S158
100151 1G0T Re6oN TR 84, 21 850 QUM PHBTT T AeeBsRy e

L165T; 1164N and D166T; D166N and | 168T; |168N and
embodimyeniaf: thsmreniighand 73T: T172N and S174T: QL73N and
F175T; S174N and N176T; K201N and D203T; V202N and
[0016] A204 TFIEZ2shiNwamd 5@2 26475 (bF 2 BidemnonceaRation réd@@diNn almd to vegetation
K228T; T241N and H243T; 125 IN and 1253T; |253N and
by systd®@bid biccordance 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.



A262N and N264T; V280N and N282T; T343N and Y345T; and

E372N and E374T; FI 50N, Pl 51 A and D152T. In sone
wepivodraent s, the nodified pol ypeptides may fuP@iEs2009/040844

conprise at | east one substitution such as, for

exanpl e, R338A and VB6A. In sone enbodi nents, the

nodi fi ed pol ypepti des may further conprise both the

R338 86A .S tjtutions. [008] The on r re

10019 £ o nE Pk sonoay MBS ehl PhssPiorys ceutiy PebisOtn PY ket mpd and
O linked glycosylation site to an N-|inked

WTR syjitgpaoanaceardaneesyitheemimdimpnts of therpadtiggnt s i ncl ude
substitutions such as, but not limted to T169N;
T172N; T148N and F150T; and T159N and A161T. In sone
enbodi reMESCRARTHINOF PREERRERD/ENBODIAENTS 48N and
F150T; and T159N and A161T. |In sone enbodi ments, the
nodi f i-ed. ept,i £ r .

10020] 08" (TR IREAIAER UrtiRa TRYb BHIEASh SFATRES Spdfiod B Rmovipe
V86A.. I n so embodi nents,. th i.fied | ypepti des

Phosphofie Mg e S e F PSR BBER TTOR TE RIS B S WA G and
substitutions. [009a The one or nore gl ycosyl ation

stormwafiey gEcaprgy The sysierp aad awehadyean acdipde; 1%6%9%/ laHon mgdg. $ome of the
am no acid residues between am no aci d residues

media chf Qavdbadcoatseetegluyeionytiiatof prefenblysvatipgratiel sand modiucled uniformity
bet ween am no aci d residues 160-161, between am no

coefficiagt, d'hiL&indeasyct&florfiehdch etineg BardhiaerACtedista@s tode8mposition,
162- 163, or between am no aci resi dues 163-164. In

such as %Qﬂq’n@s@ Qﬁ&j/'ofr? AhS frgcstlr:tg 6fgl§gik@mgﬁylal éﬂah{eﬁg lﬂﬁﬁfjas one having a
epmeen am no aci resi dues 160-161, epmeen am no
high phEGShE SOGHEE cARLis*Ehe RENISR AR TR RE Wk F Fof Fipyt 50 10 80%
ther embodi ment | | at | i t b
by voluPiey 1166 QRGN APRRtA S48 HEL RVRADEIIo 254 Felve; dhe fine fraction
residues to the C-term nus of the FIX pol ypeptide. In
amendns@yrsae vy diomedhostt 16k HOPNDsvolumes, 6, or 7 may be
i ntroduced to the to the C-term nus of the FI X
[0021] pol yp&pt tatese fractivomemeotmd caremtlide fagerjpdd orpehpt ita eandgrticle
further conprise am no acid substitutions D177E and

gradatidnl pRTerabl§ ($9NGo R MRSH ARALEISAAR080INMB §PIdatEn FBYhich at least 60% is
further conprise amno acid substitutions P151N and

betwee V%' ?ﬁ#etér%f $ %8, arheci/ an%g, Igoﬁoﬁghéﬂp £, is%iu;gﬁl%( gfeﬁter than 1/25

er conprise am no aci stitution

. one ogdj, nent he poly ti.de may further conprise
inch. Ny T 0o GG b Jivs B8 TEHUORhAE RopTibe ek pafBRRORS
some enbodi ments, the polypeptide nay further conprise
Examplgnphipyetzsatic satssielsinepdhausrddrncataac Aronsempted sandgipptralized
enbodi nents, the pol ypeptide may further conprise
residue agndnfoorabauxisutretdssing ansheGRRGIN can dTK2@8anic bomparept can include
enbodi ments, the nodified pol ypeptides may further
coir (coeOMPhusly, pdat bepsit mepe substitution such as R338A and
VB6A. I n sone enbodi nents, the nodified pol ypeptides

[0022] M&Y f prFRId BI89R6 S8diROHBLHEE fgpe%(%ﬁip?éqg_ M3 naterial amendment,
substitutions. [010] In exenplary enbodinents,
can inclg@g 'alfulrn“:fgunﬁ-l o)% i o%l-ya%g&) %v'age? FrefhnP {egi\{ihglgwrslegdvaﬂgr Pralized 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



nore substitutions such as: D85N; K122T; S138N T172N;

K201N, K228N; E239N. E242N; 1251T; A262T; E294N; G59N
waraIUIG G/6N and E78T; S102N and D104T; Al1OBMI/HSZH09/040844

N105T; D104N and K106T; E119N and Q121T; QL21N and

S123T; S136N and S138T; QL39N and S141T; T140N

andK142T; T148N andF150T; V149N and P151T; P151N

andVy153T;. D152N and D154T; S158N an T; 62N and
Charact?rf@gﬁs E’ﬂ%@ mvsw&ompéﬂsﬁpﬁlw T %%Eég%‘gﬁwﬁwef values
F175T; K201N and D203T; T225N and V227T; &226N and
represeikAp@TphaspBaNs sHBERGHTELYA262N andN264T; V280N
andN282T; E372N andE374T; F150N, P151A, andD152T; an
[0023] i nser Water TotatBEQ REB1dNGIA WER ween cokhm6bnly wwedlinklrékingawaker
&26N, K228T, and an insertion of SEQ ID NO 2 between

treatmeAffdnta Bed EhG3cluliOthean®eri1deth iINERash b egdaadirh i B@ aged form is

pol ypepti des may further conprise at |east one
ferredUBS AP bR aSHENTRS) cahGhicl I &id B3 A8 AB Fro¥D Bbdgul i

pﬁ:stone eﬁgJ%?ngnts, t émhodf %ﬁﬁppofypeptideg ﬁ%y guiatne

. further ¢ rise hagth.the R33 and V86A . -

disonv il o RS S g BT ma a rop gt Comprisng
FI X I ' i Si A ' '

clay, organig %&ttéqppé@e p:tbg grtslgéglnﬁqr:t:z\lss ;tg%@argﬁgggl? ﬁ@?{?ﬁl%atlli}%‘getr;’ %?16 ?er;(?ured and
pol ypeptide may have a specific activity of at |east '

are veryr@gisignt togtipdyinggvlsh fashy Pape ilge they darp) brittle cahpgsiivedadranhobic
al so provi des pharnaceutical preparations conprising

aggreganadiAfied petidd potafoeptite agsathodng tiph@fTRadeudme &dsk Yrittle and
acceptable carrier. [013] The application al so

hydroplRIbRVifiessBidWes.f or treating hemophilia B conprising
adm nistering to a subject in need thereof a

ad |  ect f ,
10024 el PR el DR B TR oy Py AR AR PR e

al so provides .se nces cdi ng. nodi fi.ed .

adsorptlﬁglpg;(b%ﬁeis awlre%?q%ﬂﬁgongmggﬁggtsp@q B gﬁpa@élﬂt}eg of ferric WTR are
transfected with the DNA sequences.[ 01 5] The

much mespogagncsA impddic spiby i Hieserst oldfgiyaritaiasdgdlrgnes as great at a pH
nodi fied FI X pol ypeptides conprising (i) nodifying the

below eliricnmpaciddo skkglianeels aboved] Bl pdptic Hmelwgn batddaduoiseids in which
one or nore glycosylation sites; (ii) expressing the

the addiidh b €tit GETR ResaltsrBnNeH baldiveh 0 alFkaiMs dBtey:pEYydtRdhican ittecase P-
the one or nore glycosylation sites; and (iii)

adsorptRlanf YeBeidnig ARt BRRF doig. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 016]  Figure 1 depicts a nultiple sequence

al i gnnent .of K sequences, Wit hi n t-he actijvati .
100251 ot A precel RS SRRl behilF pREOHERS b Qurinu

Western Bl ot. a ' f media from HKBl 1 cell
hydroxifigszﬁ %Epfqgaéi%g Q%LA},/%If \‘?thch asu étan‘gal proport?on 1S in t%e n?ost 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



gl ycosylation site nmuteins of FIX FIX protein was

detected using an anti-FIX-HRP anti body. [018] Figure
w@2aepreve a tabl e of expression and activity BET/BS2G09/040844

gl ycosylation site nmuteins in HKBIl cells. Expression

was determ ned by ELISA and activity by aPTT assay.

Specific activity is calculated as international units

of FI ote n.. Va S re c nvert dto
desorptfigy & ¥ e A BRRPRGHANS (5 Fid sSRn e FauaT giolved P
experinment (none): no chan in nDbI|Ity (+)
losses Sw@eﬁc@aﬁfé andrisBRPYE Gisvalyad R rﬁgerwl@ﬁ@érrlnmqraﬁmﬁﬁd@@tbaﬁ@d WTRs into
degree, (-): increased nobility. [019] Figure 4
soils. Iuepasotgsanerph@ssilioniniev@intent pasgbktett¢sorandetcoutlated vettdlower
specific activity of FIX glycosylation site nuteins in
dissolvéddiBlbonkca@dtlons. Val ues are expressed as a percentage of
the FI XR338A nutein. Constructs are described in

Fi gur t I
006 ;O S AR B 8 S SHAT e B

about lg\é Sg%gﬁe%j ;“122# ﬁglill gll‘?ltlﬁlll; th@fl’}e_tg[%%&%fes ellzrl >c<5u(§ge&< B tbouthrnm to about
SCRI PTI ON OF THE | NVENTI ON 1] Th pres
150 umggﬁm%tvahﬁs proPrgaY tRERows)- Q}{)%/%& e Tiphied Phaie ks demean
more O or N inked glycosylation sites. |ncreased

value czg1 egesd tatabowt 2819 ¢/keraapuderof npagoitedngreataythhe thegaidiat value. Most
achi eve 1) reduced i mmunogenicity; 2) |ess frequent

of this @ditibnatRinrcah ioocurafithim eheffirst teiordays )dcimoasteamgdh@eftdce bfisurface arca
stability such as increased serumhalf-life; and 4)

and timf € ACt hARinkdD uPAXE 18R tRdidolf f®% 1S tiRUkiBorBSd P can be desorbed,
inflanmation. [022] The application provides variants

il AL TRARIAGH biocBRR 4 pf"%"y%e%??hte;"ﬂ?y 2 ZS"EZ'VZ“ an

[0027] EQZL.S‘FT% apgtr%l d@ n%wgg)&{lﬂ th% p@#lc%F va‘%e‘tep h ro%g%ﬁq is an 1ntegral aspect
bl eeding in hepophilia B patients. The nodified FIX

of the iseyeysaleif %1 fesorniioni by WARS) Brciarepie SposifEs skarearca iy 34 times that of
achi eve protection agai nstbl eeding with fewer

the aveiap§ paticlerszeofAdetratdvbagingsbyposliphd wetdry lvy¢lheaaaleratest ihiernal
avai l abl e therapy of wild type FI X protein. [023] The

diffusioapp ldcadidnsophdpé ehéi B Srravansiblgeiound. exenpl ary vari ants of
FI X in which functional glycosylation sites were

[0028] CT eat &t BeAOfdReriiidRhAN Y RE %red\%??bﬁ\e@ﬁg ih RetdiBfg dissolved P even

activation peptide. Moreover, e application

after exgenswnsltrnroartltes if Fh av%lt:)ge%ss%rbear R 81?»\,6&%)/ ConC?n)%lg,{ligI?SSOefd Wit passing
Ian ce ave | ncrease

through\;g%: ﬁ‘{'l;ﬁ\%r%(%égqaﬂkéeé'ﬁt | V eaﬂ%r o d gl %}L%LVIVO d resﬂp[ in high

coagul ation assay. Finally, these nndlflcatlon sites
dissolvedeR) Bencenimsions dront etheranaterials inamenllyhaed aritierstationsedia,

specific activity of FIX, including but not limted to
[0029] t he Red mud is a by-product of refining bauxite into aluminum. In the Bayer process,

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

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



R338A substitution and/or the VB86A substitution
(Chang, et al., J. Biol. Chem 273:12089-12094, 1998
waeeTang, et al., J. Biol. Chem 277:25393-2BGD0$2009/040844
2002). The conbination with one or both of the R338A
and V86A substitutions conpensates for any reduction
in activity resulti ng fromthe additi on of
. cosS ion sit ch t hat ecific activi of
caleined Rt opoR, Rt iRy Rl i rhmotly SQrAfHaF fner
than that of wild type FI X [024] Once expressed, wld
fractiongfslec qigingldagxisq lflagcethas Rrogisy.copr ot ei n of about
55,000 Daltons. It can structurally be considered as
[0030] havi nBed owds dembansterizékbyG ey veganpartions of secondary minerals. The
car boxygl utamate-rich domain; the EG--1ike regions;

highly dlkgin@@bdiviat h}@ﬁb)@@@tdnd%odﬁﬁﬁcﬁtﬁ&a&@&@h}tﬁm pHA@NRE Ranging from
cont ai ni ng the actlve SI te (Thomson, Bl ood 67:565-572,

about 9]7%392%015 11X st6S 1M thorRe hBRatite \(F%(%zgsa %&hﬂge $on oxide, and

chai n pol ypeptide o 461 m no acid er goes

usually?g)éé @’eﬁ@‘ﬁ%ﬁw 2%53121)' Onranlglr‘\p Oglﬁfﬁll%fg i SeIr‘n c%paﬁfe oqq) orption. The
Ne . R Bi och 9: 4

alurmnq(f@ gggerr%g gmhsge ?%ll(()lélpg) an%?'ﬁlmlﬁg(x’ A]Qd?[gh%galsgefe% uile}z?lt 1n most
1977). Both the signal sequence and the fpr opeptide are

red mud. gHReapoIEions of angprphous ireat andelymio e rangsf fram B bewti 0> % to about
acids (SEQID NO 1) (Choo, et al., Nature

022%, 2Q4%bdut30.980 to ABB2 5.0RE, acdpectivety. &l he;re Eunos: colNaitdbrabldapentitics of
Sci. USA 79:6461- 6464, 1982). Efficient gamm

calcite @20 gt CaDy )1? w88 N trhatesfseint %ﬁﬁaﬁﬂﬁﬁi&a’-ﬁ @Ride quartz, zircon
activity of FIX and in hunmans 12 G a residues are

and ilmgrgmggrb tr(Fﬂarﬁe'gEaaN%? 5%11 g{o(ﬁ)gaﬁ) irgﬁ'%hg fr ro]g{t M&ﬁ‘c‘@% to about
24%. Trilg%r egsa}%rqlfgggg&llgﬁ}% ﬁg@lea&l %g?a’ls’ aISﬁgﬁ@Pﬁ%@? r}I?orrs]t %{“ \x%ich are in

6: 185-196, 1997). In addition, FIX contains two

very stk fiokBy BeRrgE\ oD dhe Wiufessnd nieess, Kedsmyds anydiifsn qopsiderably in
gl ycosylation sites (S53, S61, T159, T169, T172,

terms offh7i@y3loging congpositive, andoifitch ovithBethe phs phpmj/tl Fhiwiore, the mineral
(S158), tyrosine sulfation (Y155) and b- hydroxyl ation

compos{tladof rédMaMdIviinlwels valy., Bi ochem Bi ophys. Res. Conm
115:8-14, 1983). [025] Activated Factor VII (FVII)

[0031] | Ni ti REE FuldD GreNREY B GRS tlihifie REREIESE P RYerf é?ﬁéin&&nﬁve amounts

on'p ex Wth tissue factor (TF) exposed as a resul

of P have eleea?rb%dt 1)§<$orl]s{eeh\é 2?1%%'61\1/ X (I)lF ronir wa lé a'rl’[sg ngt)%hrougﬁ %%ugg rnu¥is remain
Thea i vati on peptide of FIX .

very loy P&?%fft%hsp ing aBQGethat Weuld r%ﬁulté% E":%l? dé#SPW@ﬁ Pregaetragpns from
(FXla) or the tissue factor (TF)/Factor Vila conplex

other mptgriglsigrieally ushé inckipepteptionanddye. act i ve nol ecul e, Fact or
| Xa (FI Xa). FlIXa and Factor Villa(FVilla) convert FX

[0032] t 0 FaboanKalufXa) riciMniiadral soilk widh sdraarozsmpods derortifrom basalt
to thronmbin. Thronmbin then converts fibrinogen to

are alsofveBy ¢ éﬂﬁed’u@é il ie’taﬁﬁhn% PhdphoRs Ofmpdred td inBEtisBilE [tRdse sbi®2&htain a
As w | d-type FI X has numerous post-translational

h
high prcrgﬁ%gﬁéﬂ &(?%ﬂh&ﬂﬁo& @&m%\(}gﬁ)p gérﬂgnsa@g%ﬂ r?éftil?%% %Elg?ntf@r retalnlng

phosph&iSk OP1 ¢ gl ycosyl at| on site may



be introduced at a position that does not affect these

ot her nodifications. Once produced, FIX should retain
wepwyiedd€ activity and interact with FVIII, PXT/US2909/040844

FX in order to be an effective treatnment for

hemophilia B. The introduced gl ycosyl ation site should

not perturb these interactions and function. The

appl i gation praoyides, i art., nodificatjo to FLX .
100331 b o nREuSTrRit oo srselieftive h sfoming GRebGa R g lgrextensive
gl ycosylation sites with m ni mal perturbation of
amountg QEB hipenbegh dotbsdisDissphecdt Ponceytrations phwiateh spsspetthwugh the red
bi oavailability of FIX Finally, these nodification
muds regndie senydyw geerc afdyisneangmrhdungd thet would mesuithahighnhssobed P
the specific activity of FIX, including but not

concentrdti®ink &@nt théMRatEBAS Aypseidlstusédiin srcaneb@metifaie VBBA
substitution. Alterations that enhance the specific

[0034] @Cti Vit }kop r&kﬂiidﬁ%h%ﬂpﬁﬁi?@éﬁo& &fbepaoall%lﬁﬁéa@:prdlc%sof?&repﬁon to

coagul atton activity and al so potentially prolong

. efficac f nodifjed | ecul by, conferri effica .
media, Gpropeifsctenfion i biglosical Brocies it oy b Bt drtvirt by piidsynthetic
027] The_application provides FI X pal ypepti des
output %‘Hﬁ}ﬁ’la}%ﬁ- Agn EO‘CQHEW% Up RitFsgl dEECtE JEYSGleatcicgpogcompounds
' that is, nodified FI X pol ypeptides. "Factor |X" as
into theped avhedy isicansugiedrby misrabiH aaantypwhishwarFalxo gkg copitorgsnmas well as
that is a nenber of the intrinsic coagul ati on pat hway
transforatitg s@nesthahitadgeh intd hongen gag whadh i9host From the kystdae. These N
understood that this definition includes native as

removav\ftlokes@@s 4r8 RIFMORPY ifcRIabEs iR TretbMB B ENPdAFHRd Cbrlitions.
gl ycoprotein. Unless otherw se specified or indicated,

[0035] SS usggst%g% %%%Eﬁhéd%%%otﬂ%cef\%ﬂ? ie %@elntigﬁj S%Faal%:dl %%rc]l’ude a

r ot el ule tnits normal role in coa

drainagé gx?silt%gltv&fn a}{‘%@?%@?ﬁ%uﬁge %{)31%%? $y§ge%£3h1[%p ct;a’n baena%aptively managed to
"derivative," "anal ogue,” "nmutein," and "varjiant," .

control ggierHiondes, sathEtion apg surfrse peading Qe the laypes of Hiratioatmestia in
nmeans fragments, derivatives, anal ogues, muteins, and

response & clampes infmedieapbioyieppdrdesowehiiok. fldt diainage system can include an
substantially the sane biol ogical function or

outlet sptérh hadidig a[lORE] ouNet) alpipd dxitdhdirgXeWalr@ Srodf thE Lo¥ver outlet, and an upper
pol ypeptides include FI X, FlXa, and truncated versions

outlet c@hnckte tg'@l‘{hg&r RhdofelpYpd the%u@lE@g)'ré_‘f@IIabMI Aedrld\Esidence time for
fragnents, deletion variants, substitution variants,

oo RO VR BB PPk g g o
serye as a F| X pol ypeptid In sone enbqdi nents, the

annual Bt o B Lo} 16lRPISHSRSTENS Bl Soa @Rty SHekeh the
at | east about 70, 80, 90, or 95% identical to SEQ ID

media in@rgar witer teeafracrd gliodts, st permithieg e dly$tems taroat even substantial
pol ypepti des are biologically active. Biologica

events it mmiinal bepasHBoddtfenntrewed]. Cootrolbixg fplvethrdugh the drainage system
coagul ati on assays descri bed herein. [029] Modified

can alsd:;if}%cppha/s?ﬁghg desovimy al so contain conservative
substitutions of amno acids. A

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

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



conservative substitution is recognized in the art as

a substitution of one amno acid for anotheram no acid
WO baw/1286 si m | ar properties and include, for BPXEOR1089/040844

the changes of alanine to serine; arginine to |ysine;

asparagine to glutam ne or histidine; aspartate to

gl ut amat e; cysteine to serine; glutamne to

as | ut a eto partatege; cine t .

a grate I5 ?Ylﬁ%ﬁ{ qqx?vgg} ﬁ(ga %ooprggeﬁgf?]ﬁélilqﬁiéa §9mg+%izvglr§‘h%€ persons, animals and
i sol eucine to |leucine or valine; |eucine to valine or

objects pasingubpreit. The i pisfaarty Hichlcs Aag Al BATCAECEBICH ELRITA Water to
or isoleucine; phenylalanine to tyrosine, |eucine or

en&rmnbﬁhﬁﬁnwmmpeserine to threonine; threonine to serine;
tryptophan to tyrosine; tyrosine to tryptophan or

[0037] pheny Catt&@RipheerréNémbadinBets 0o tHeSRERHCInNEN R WilWowIs ddsBribed
some enbodi nents, the FI X pol ypeptides of SEQID NGO 1

with refSRIPE t3Be fdfag\mlél %@efetfn'hg% t1@9.1 Bry ];161%@11%101]1' gvater treatment system
conservative no acid substitutions In addition to
t.he ;i nt,roducti o 0s t
100 can 5 iy RSO, Bl 5 TR P P TRFR Y BT G 100
Ci rrespandi nhg am no, aci d, and hre
preferaﬁ@ﬂ@fi?daeé Bg%@\rl PREFQH SaPE ey aop fecd 0G4 ‘Pl??é g)whlch is
C, cysteine (Cys); D, aspartic acid (Asp); E, glutanlc
preferaby |abox(e@ Hyne lﬁyerrﬂq Qrﬁq:rablan:pm@n@lpg el)lderq;aug ptprgsneAr( @(ggdram 9is
H, histidine (His); I, isoleucine (He); K, lysine
preferalfli ypsgitiohed WwehiaundertagudtpndMayeresd. hA cail neer(tiatmatedd], such as a layer
asparagi ne (Asn); P, proline (Pro); Q glutamne

of dram@t BdotexRile ALEH BE MGIUAA &) prevent S8 1| RErréuPRNing thd system from migrating
reoni ne (Thr); V, vallne (Val); W tryptophan (Trp);

into meé Stéﬁrd d@t%regn-u eﬁ{%fj norl eucine (Nie). [031]

ycosy atlon peptides is typically either

N—I|n ed or, O-lin efers.to

[0038] 4t ¢ acﬁmwrdafm R 8@%&51316@ Hghg iy epion ReOE: esomiise o
of an asparaglne residue. The tripeptide sequences

coarse mafixyalsprefeird tash 2 xoame fragosy dt sanj alsoepnniise 46 Okganiy component,
except proline, are the recognition sequences for

also refemedytoss iao oaganaciamtion. dediche coaslboingbidafiee mpitertay amondrhents that
Asn side chain. Thus, the presence of either of these

preferabiliy hRePA high pasgihamasrpuﬂnazamhtyp epdferdBlyC mealagsinéludes about 50% to
potential Ninked glycosylation site. An exenplary

about 8% Byn\k&QnQ by &ee¥hal FaGic cto‘ﬁlﬁéﬁgﬁtuébofu@ i O%h@ ab(mf 90% Wvolurne of

may “"al so be represented as fol |l ows -

the orga}lr\l'fl]ce con)llponrennt?] %1(1)(2 }(1:1’:)0&1‘[ Zé)(‘léep?&glt 4}{%&)}5] Volu1§8 rof ﬁire ﬂl}?rmkﬁgrﬁ%z a}afndment

LIy '

cornponlé:ﬁ,bo telrﬁ%gzltatgc ang 11 P p%araﬁtfqn&ﬁyé%/ rlne,ﬂgg Brov;@d t% 1@{333 gél ganditions. For
Thr; and X4 is Gn. In sonme enbodi nents, Xl is Asp; X2

example,ghegecany@mprayepail wasgydetkationsand] add tindel Plemgnt wicroputiierite dThe coarse
gl ycosylation sites to a FI X polypeptide is

fractionaoanipl frastied adnd/fisd drecridmgent hetearal san de ibtbnged)withaescsdaing plant or
that one or nore of the above-described tripeptide

other mSEIMRAL&S/ideS 1 Ntroduced. [032] O linked gl ycosyl ation
refers to the attachnent of one of the sugars

[0039] Nacey*rhg abRgd f?&%gh 8 isntgﬁlgg(fﬁr?%ﬁade QUnd¥ tﬁ’ﬁ?o&z b Qnflormity coefficient,

ydr oxyam no aci seri

which preferably promotes infiltration. Other preferred examples of the coarse fraction include

-10 -



t hreoni ne, al though attachnent to 5-hydroxyproline or

5-hydroxylysine is al so possible. Addition of OIinked
w@lkopeozdsh@t i on sites to a Fl X pol ypepti de nmay BET/US2009/040844

acconplished by altering the am no acid sequence such

that one or nore Ser or Thr residues are introduced.

[033] A ycosylation sites may be introduced, for

Jetln one nor e. apj.no .aci d resi
any or {5 bi T TEiRE: BT Ao e EFRBBRBHL YOS D <A satd derived
residues with anot her am no acid(s 4 or addi ng one or
from arasrveitiabigh sroncpatchie apwtabized midug gendtfresn bawxiterpragassiag, and/or
acid residue may beeither between two existing am no
crusheddwiclt. r esi dues or at the N or C-terninal end of the
native FI X nolecule. [034] The term nol ogy for am no

[0040] aci d FHOSkdahidtcoMPOnHE Qe frabBSinél0lids@of- (cddvauf husg} ?eat, which
| etter represents the am no acid residue natural

preferalﬂg SRGitc Rhrsd fBeRiih kL ﬁéﬁtl@lfr tdjﬂ{g@i'ﬁel'gll g>r<0 i &Gudtiel lhﬁ%léu "Other ?referred

nber represents the position | e mat ur e

d
exarnple % %%rrgfmltcfeg éencelég cQa%QHNth)u’t trg b%eta?{%(é?% oria%?st aged wood

er en

I
chips arg{ggﬁigﬁésl pa%éa %%é%%ﬁl%l‘ég[g R]get &{ggmp gpg(gbgrg%n%tes/_v\vsatgrnretentron
position 338 of SEQ ID NO 1 has been replaced with an
and impspeesrielitdtien rapgst h respect to SEQ I D NO. 26 which
i ncludes an additional 5 amno acid sequence (46
[0041] am noThetids aadiahamaninkdnXprddrylpe pidlodes aposeitidl oimt B38a bigh
SEQ ID NO 1 corresponds to position 384 of SEQ I D NO
phosph&@s sdiBB&l cafasityhad ngﬁ s suegri HreE ar%ﬂ?__l JuBAL YRR INRE Ritl). A

refers to that” of the mature human X protein in

preferre\#‘}txgrﬁlrgfe ﬁ@ﬁ?elmﬁfeﬁﬁgré %ﬁtaﬁ‘rﬁ B3l trae'a‘frffé:hft ﬁﬁﬁﬁf’{w*rﬁ? which

OVVI n renov

si gnal
can be YIS progifld ﬁf‘ewrﬁﬁr Bt A s R RS B m-based
as shown in SEQID NO 1. 036 I n sone enbodi nent s,
WTRs prtergily eepsipuatq sipis pyadSsy @f Iaa,h@gpmsf Hplicd afytoenyyater
| ocations that will not abolish the function of the
concentpatwinei aven aftérntieady prdessic oh siormweter $ad$ when epical sandg doagm systems
FI X pol ypepti des conprising one or nore introduced
have be@bi6 Qfyfcafived N0kt Bi8feriea ¢eiraples 6f the Find nivktiddeinapge,iveithout
In some enbodi nents, the introduced glycosylation site

11rn1tat16n°‘ 11%5’1@21@&?\7\@%%@% lr%ﬂcoﬁ@ Sa&UPRTHEE can be determ ned
based on the sol vent acceSS|bIe surface area as

det er d 1.0 Ayt -
[0042] 3 20 4%' gtgr lII {1 the referred’ n%rge dmaterr%l 1Hq%1ij]ees rle(r1] u(()idallJ (f;rgej clay-sized

ycosyl ati on S|te oes no t roduce mut atj on kno
materia ’E?nB‘ém & 8l cxtraehng *S‘i‘*im’ﬁ]é‘ ‘PPP AYXIS OIR, %aﬁﬁﬁ i £3rohshi V\ﬁy
~can be found on the world wi de web at '
alkalinek ¢flis prsfarkhly pryealied tooisdndvatsrabeamiilia Seavated neypralizad red mud by
Tabl e 1. TABLE 1BI ORETENTI ON SYSTEM AND METHOD CRCSS
productREdk pENCEsinb drklt Altda AR eAdd BNSTective. It has been determined that

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

even after well over a decade’s worth of stormwater loads.
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[001] This application clains the benefit of U S
Provi si onal Patent Application Serial No. 61/045, 506,

WO 00ed29p¢ i | 16, 2008, titled "Bl ORETENTI ON SYSTENSANEN40844
METHOD, " and al so Serial No. 61/149,175, filed
February 2, 2009. The entire contents of these are
incorporated herein by reference BACKGROUND OF THE

| NVE 002 i nve rel at.es. generally to a
100431 5ot oAPET PREIHS RGEPHTESH TRGREaTiFL A e £yt & fine clay-
and di ssolved pollutants. Mre specificall t he
sized mptgiiahiemginingafigr e3tracing tégnipna fionm Wtﬂet’f%dRﬁ% BYPsBFoRashgen
excess phosphorous (P) and nitrogen (N), such as
demonsttasd dd hed Pvapdigh affinith® rearmplafspl®ros applied apsamadsatand
ions, from stormvater and ot her polluted wastewater
concenteftfdnyient . The i nvention also relates to inproved nedi a
for | ong-term phosphorus retention in bioretention

[0044] syst egﬁoﬁﬁ@fjfﬁﬂlﬁlm AV 8ile AdrRl irdcRIdeP h&f%ts'oﬂg ﬂafttcﬁlpdgﬁﬂhose that

retentlon Bi oretention systerrs often |nc

are hlghb ntlfon an g 0%% l}l’I%Blg tcﬁrelten{ fIlt m"rsonét %g%):lem}nr ggta? fnegla \glth Krasnozem

I ous
diia that is planted wt etatlon t he effluent
soils hl@ﬁ WJEN QORFHLEH R BYS ﬂ@%e?ﬁn ﬁpf%% wp]icd 3l oAy atETe

pol lutants are renoved by filtration. Dissolved
concentisipsp Roinuadtes arersedacedrmaistorivarsrtlpadsef f | uent by

bi ol ogi cal processes of the system such as vegetative
[0045] and niTha¢ fibé alatdpiabeamsis: agphlak propasioned betasercthe rfineahaterials and

adsorption/precipitation processes (herein referred to

coarser PEIREatb N\6F BRUAAOHMs O s SRS Mld B8dia a¥hdi R BhBc %gﬁ@ﬁ@ ¢ha¥oecome
propertles of the nmedia. Dissolved nitrogen can al so

dlspers&f3 Bfo%gmﬁg thfré p %t&ﬁﬁ)n@a{z&ﬂfﬁt&tas by, &ﬁts%ét?ﬁ%s and

I omass upta bi o og ca

trans or matji ons, |ncIu rrflcatl
100461 g, an; HEdoCgdeBitonich 45 pEPAOESRT T bE iieFBiyh S st Bopmparcd by
Bi oretention systens have been docunented as beln
excavatandgr fidling tpel dopth sydReicntdn Ripeema hayer aﬁmprilﬁﬁeaéldfuarierdram stone 3,
stormnater runoff in terms of renoving sedi nents and
while abewingdor stirogndf gHosphoswacapdnding mbge mflophiatescancddghe
particularly relevant in watersheds that have been

infiltratiofpaetofehdmcdib b Bref@ablly Ofcoddtil €21 Fdtalh@edidrsadnld vinderditiih stone 3 and
an extent that they are the subject of what are

divides nRdef § & GRicARaihQldHe 3Meoth MERHAT b1y okl f1MMBlektile 2 and the soil 1

criteria for nutrlents Fbmever typlcal bloretentlon

on the 0§l¥er s (fm of xtslaadyl"hfe &eotgxt e 1 a{ter e? 1s ref:era% rpggorgﬁ% 0 n%errmt media 5

ess ro e

ssolved hosphar us reanaI ds to
and Storeeta@?rd% Briren T hs Wi [porTilERNEEe Psth@e hifigeen GV gigpnd the

can be inportant in the design of effluent managenent
infiltratfogapteiof ithesnatiye seitreare bigh., theigeotektilesen be mpdp pustansially impermeable
effluent in a nore acceptable and efficient manner.
so as to prevent the exfiltration of nitrogen into the groundwater.

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

aggregate, wherein the median diameter is about 1.0 (or about 0.8 to about 1.2) inches. The
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[ 005] Accordingly, there is a need for inproved
bi oretenti on systens and net hods and for i nproved
wore@oa2u4e6 be used in bioretention systenms. SUMMARYSIOBY/040844
THE |1 NVENTI ON [ 006] A bioretention system and net hod
are provided for renoving phosphorus and nitrogen from
ef fl uent such as wastewater and stormnater. The system
nd met h can i ncl ude jltration nmedi a hayi

R R s M M e S AN e
with a lowuniformty coefficient, blended with

accumugptey diing tha cashiag presshst Ghrket Byeret easstbopbivo igglhas tegbout four
peat noss, blended together with a fine fraction of

inches, ptedgrabliy kiereeratcbes ddep ané pchfemablyhdsei ingudeshinglggigats pinorequsferably a
sorption capacity. The coarse matrix fraction can vary

No. 89 fii-si agbfghte Sthek€in 8RB ay Glabider isTARUO0 g8 brCabdRE @2 kdhbout 0.3)
can vary from about 10 to 20% by vol unme, and the fine

inches. {1 kh QE%_I%g?[Q gf@&%bl?%ciﬂﬁfex lifrﬁiﬁﬁ% ﬂ%%%‘grajfl%%otfﬁleﬂ%% B¥wn into
vol une. "Theé coarse fraction conponent “can include
undmdﬁﬁ%é%ﬂé¥ sr%rushed to sand particle gradation,
pre era%*@ U S. Golf Association (USGA) root zone
gradatign of which at |east 6Q0%.is between_a djaneter
[00481 of 1/ Brs STkl HiAGiA /i3 B0oFh About AS iRATeS arANRuL e GuD s gsebly about
~ greater than 1/25 inch. No nore than 5% shoul d be | ess
18 incheshdasp 1 I15@0a3 elciencedtzaimdl phospiforyy lefds: Higlrecdimdenth andamendment
i nclude crushed |inestone, iron-coated sand,
proportivawhin &b intechseE®i doeids atde $arptivrbaipxcitye Tpruwities siongmedia 5 for better
crushed brick, etc. The organi c conponent can i ncl ude

treatmeROMfOBRERNHe d3pdlof thd@ddia @hn BE BlcrddBS&Balod e kidR§ preferably to the
mat eri al anendnent can i nclude al um num or iron-based

dqﬁhorgﬁﬁ%%%&ﬁe%ggnt residuals (WRs), seawater neutralized

duct from processing bauxite into

alum num re sum byproduct from processing ruti]e

100491 210" At RS EbRY BR Rt g e RS A Fp el &n
wWth WIR s preferred for many applications. [007] The .

cmbodigiert @frfhe Hyyerfaowilheg degeribed herdin eUpey picepiimmihe sje By cxcavation
| ower outlet, a pipe extending upward from proxi nmate

and fillingegdotamtite Dern et pla@ddvidnn thepecaattd sebgedea telcteaibstentzally all of
upper distal end of the pipe. The outlets preferably

the exp&u¢t 8idadcastitikepepartd BRal Thercfipe gyektE L Icag providRnbmE ahdiwalls
the small water treatnent events, which conprise the

extendiﬁ@h@%ﬁﬁfrd?ﬁ tHRYYR! Pefry@ﬁftctnevlggfrélf E2n _byﬁlgﬁﬁoﬁ’éﬂt drfhs base.

preferably also permt high ows in larger water

Underdbdi§ th?{*‘ B in%‘%laﬁre](ti \SVitilﬁl oansesla3tle?r39 hokterh I%yer{re ﬁgé %’betprfall’lﬁsed over underdrain
perm I'ng e systens to treéat even” substanti a

events with mnjmal bypass flow | eft untreated. [008
stonc lagic) ¥y/b tgfsTagHR 7 w&hﬁbgr/twl%l@m&ev%%bé%@gﬂy,tm@@%? CitiSalced over
and/or or shrubs provided in an amount sufficient to
choker Jaypir b pectiiablyoyitleaut usipg sbeclad ar tracked favipachiothsat weidd gempress it.
as nmedia infiltration properties.
Media 5 is preferably permitted to settle about 15% to about 25%, preferably about 20%, until
media 5 has the desired depth. Media 5 is preferably wetted by enough rainfall or irrigation to
induce settlement of at least about 10% to about 15%, preferably about 15% before planting of

one or more of a plant material 7.
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[009] The system can al so provide the nedia, stone and

outlet systemwithin a unitary structure. The system
w@a0fizdder i nclude a tree, bush or shrub andP@F/US2009/040844

grasses. These should be in sufficient anbunts to

inprove the filtration properties and/or prevent

surface erosion. Preferably, a grate is provi ded above

t he ia to tect the ia fr th i ght of

10050 per soRal St Rlia ilrmist: abrbhpissiel AR Eefo tppustem t
grate preferably |ncludes one or nore apertures to

enhancphaqyphoryg prd nifreganicarovalmfograsssas welbscapatqigog oy ptipy rates as
obj ects and features of the present invention wll

sedimerge ecnmenudgpaPeifiratily optaith @ comiphioss myxtdet aficokldscason C3 and warm-
description, considered in conjunction with the

season @¢ (g%p@rh)dh}ﬂld & @whigrofd gdiFe@ime bt th Sitd. OlnRrtiage it oo rasses
however at the drawi ngs are designed solely for t

Pennes?HﬂzRﬁ%ﬁo?Bfozc’é sl(F’&hﬁﬁﬁ' %s)adﬂq mzcu%vz a?@rfr '(S\k/ftélp If) hﬁi@been

e |nvent|on ich re ence s

nd 'F THE
determlﬁii&rtﬁé&fg}ﬁ%ﬁmqlﬁg n%m?[{lle%t urletngf)tl? nt%E?rgfénF 101, §¢ ttings. Asan
f th t | | bj ect
altematwe?/favg%@vggw%ﬁ% e%ﬁdvﬁen?adhf??q% SdeiFe Babh a%f@@cgmorﬁg&%%g'an also be

taken in connectlon with the acco nyi ng drawi ngs, in
used fopthie plent reETR]. $uo plants arcpréfenshty %lenﬁw ornied toi peovant wandthrow.
bi oretention systemin accordance with an enbodi nment
Moreovef, ahli@ombinatibn 6fgrafse€) ¥3ibs FdhGubs2nd sreas fandretpre@ded dspahding on the
view of an outlet systemin accordance with an

setting, WTHOEH dRMtin@ffrdnh el SOYRNStROInvERA] FIG 3 is a front

sectional view of a bioretention systemin accordance
W th
00511 M Eh A g@@@ﬂgna Vlﬁfél\l/v g Ig?n g%&%%% afte[r iﬁ%ﬁhﬁ Eiaﬁ mtelifi 7.
ccor dance an t of the |nv ntion
Mulch ?%]ﬂgquﬂ @Jl_lr %cegﬂmc %—}r(rg r(‘iéqumg)caﬁ% sqour ?8ales‘J]1rface 1n%ows and
concentration reduction due to vegetation b yst ens
excessiyqdeyiesingd arcking (nccamthodiment o€ therinygndion yyesrfor ’61#15 purpose, several
[0017] FIG 6 shows in 5(a) and 5(b) nitrogen
inches dfdnmeent]F-giadehgmredushérom theeetlmnrdesnetemcis ebouws Wt A0eihshdsyo about
systens in accordance with enbodi nents of the
0.30 indh@y,gnéfe@Bly {H3QABD 5 fcGes. 7A sdthwsexampe(c)muldf Ber 8, which preferably
phosphorus concentration reduction by krasnozem

provide$ %é&é?%ddcﬁoﬁﬁpﬁfrﬂ@@ E]%g%fng hin@aRpedi P&?‘op&lettah@atlons is well-aged

|nvent|on [ 0019] hows in 8 , phosphorus
C tlon red ctl
hardwog Cgl(l)lrc anc éch 1n‘%eﬁceg ]%(e susPet%dﬁg sec{n%{?gx%l oﬁ% etfﬁuent Ji‘hls can

facilitate removal of accumulated sediments as part of a periodic mulch replacement process.
[0052] The selection of the mulch can be dependent on plant material 8. In installations
wherein the plant material includes grass, the preferred mulch can include gravel. Since grass
can spread, its litterfall can provide its own organic mulch, and the high stem density of grass

can improve infiltration rates when sediments accumulate. With shrubs and trees, the lower stem
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DESCRI PTI ON OF PREFERRED EMBODI MENTS [ 0020] The

invention is directed to a bioretention system and
woreaohaeb4bo©r renovi ng phosphorus, nitrogen and BETIER2009/040844

contam nants fromfluid effluent, such as wastewater

and stormnater streans. The system and net hod can

include Iayers of fiItration medi a. Sone of the nedia

coar.se- textur nat r i ferabl
density G5 FEAPS STHOM S A PR RBUP G P RGP Y oIS B of
can be | ayered or blended with organic naterlm
replacemenfi dp K¢ Paptigeesherigicnt, bardwead mubeh grade mefsgedind/ or a
fine fraction of clay-like material anendnent, such as
[0053] one hBlowsgreatedibytpapdios thinarghuscdob pain ontecapiaalraiy stofkdayer 3.
coarse matrix fraction can vary from about 50 to 80%

Accordiglyy @h biBet syitemQ@ag 88 bovitideEdrapriidontadrimdre @R @bits 9 Quch as a
to 20% by volume. The fine fraction anendnent can vary

perforatfe[i 9%1399&'%18”8{){%5&%%9% %y ? aHTr of Q92 wd t@a%ﬁ@&%ﬁt inches,

fraction ent can | ude naterlals crushed

spaced %Srg%%lg IPI 5 al?e B%&)aglfyo %sz%{] %et arpaa ao¥ Ileg% SL?rg\%Hi)lB?l an(% deeper stone
st 60% i s, between di aneter of 1/25 inch

depths ?aﬁ@w relgRONECH HPrATB T SHiot B 4Ry SR ({hg ipdirdrais can be
inch. No nore than 5% shoul d be | ess than 1/500 inch

connected by ueanifokp ebheaendgysisain dent em&nld Rearpgicesnasteddp en @pd| sgstem,
materials include crushed |Iinestone, iron-coated sand,

such thateuftuid tarz Bolw fesin ditkinsthe dndardvainb@ints the qurlecsysteng,
crushed brick, etc. The organi c conponent can i ncl ude

[0054] COi I fIPeﬁ@QJWﬁerQ MSilontiBE &t infportBifiaind W88 Sare VOQ3%kmeable, it is likely
Preferred filtration nmedia, included, for exanple as a

that wa{eir %u@ﬁﬁc% 'tlﬁl)u%niﬁ? ?mrablecg%gte&ﬁfé leﬁ?O %Il/&flgsog Y% f(ﬂr effectlve N

I ron ed wat eat ment” r esi

trallze e ssi.ng
rotentiof S5 it i Y PO 15, D PSS AEECtEG o é%eﬁpwaf Gutlet may
rutile into titanium or iron and alum numrich native
not contyg flayvs infq thgpoil he decordingly. aratexlile 2iran ke meade subptapdially
having a very | ow phosphorus saturation index (PSI),
impermiegblovin atsutechetral Madwrese daperted thmoughi thh opthad.syeltbeyusan be controlled by
sorption capacity. [0023] Water Treatnent Residuals

the chafaWERStics I eheCOURD MThE dlSeioh Bf thel oukeNgpyvatl e4n bd @akd@Bdve the holes
plants and can include the material both in its fresh

203 so t‘i’éat&g\%’telf Sn'then| ﬁr%féi‘&ﬁﬁllgl%a% % QRRE K5ERE1 tRfouPRAYles 203, and
app I cati ons. y can fnclude the reS|dues r sultlng

pass 1nto a oneg SS%U b?%fl nc%tt 1§nsd%| 5 derr%ggoqg zpf mne%I alﬂqms rnanner only fully
er au num or 1ron su

Conpri sing.cla c matter and the orlglna
Uemgdﬁ%@59§lﬂ¥%€§ﬁ“%ﬁﬂ lare typically very fine

textured and are very reS|stant to air drying when
[0055] f r eshin @eewlaneapyvith he gxdneplasymniodirecnd of i ipecntion having the

hydr ophobi ¢ aggregates. After a period of exposure to
configuremhseownin Fithd, ¥Wikentb@oener heds SDthrdighemalold 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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hydr ophobi ¢ and easier to blend. [0024] Iron sulfate
generates ferrihydrite-WRs (Fe507(OH)"H 20 in which
WO b@azios pt i on processes require aci di ¢ condi BCDOS2005040844
the P-sorption capabilities of ferric WIR are nuch
nore pronounced in acidic soils. The effect of
ferrihydrite can be 50 tinmes as great at a pH bel ow
6.0, .conpared to al kaline soils above pH 8.0. Calcitic
onhancy it TR o 8 BTN SR F o PR Hant 1 E9E5R Ty D rermoved
ferric WIRresults in a pH below 6.0. Ferrihydrite .
from the gilucatif therefBugnt isyetadneddn mediot friadengsn deried @iffmenBy providing
typical field soils. [0025] Alum based WIRs are
two or morei qudlesdvidyn ecttensonttet pystgo 200 omsprovidalinmmeasedrflow of the effluent
hydr oxi des, often exceedi ng 25% of which a
from ursluRiBdiavtih@l thOHSP 00.t WdrdaS thdotithes Mo slusehbiedCit isv8 be understood that
anor phous form There can al so be consi derabl e
the nurfbREE diltlebScalfvaly £ AOTRRYY ic‘aﬁoﬂ‘@ﬂe'cifﬁsdeﬁ? HRhoice.
proportions of “cal cium nagnesi umand ot gr el ement s.
The PZl of, al um ed W can.yary from0.3% .to 6,34, .
100561 ' gt P s R Rt G N kB e nSentn i
neutral pH 3l um based WIRs can be effective in _ .
shown P o d he Fredjarkea by bigh |H§§lrr§%%} - Prdehccsiin candiieas, a system
' in highly P-enriched soils. A 6% application can
withoutgi qpmirdilecent]oy syseahu ean prosiglgiretenticn twoercetihindhd wadialoépohour or
the threshold for Pdesorption. H gh rates of WIR
less. Tlap pdteramiitmmscanteRoe Biidre foe tinoddpsndun nitegec gansisrafations such as
di ssol ved P |l osses significantly and inprove dissol ved

denitrifRafiét @Y @eR¥tilV 1§ OTRO balldt RGstath Yo BRBSEhr¥ViRSs foRtéhtrolling out
soil's. Increasing anor phous™ al um num ¢ontent in

flows toséjpa% faf §3%. f?a%ﬂoﬁ) FB@% gjii&\ll@h;ﬁ réﬂoﬁlt}aﬂeptﬂﬁn% ;}ﬁ%(ﬁngéﬁﬁ% qmlr:;ltion of

concentrati ons. can have

. adsqr.pti on capaciti.es rangin rom about. .6.6 to about
rotentiof g eghosh of FLor b PP IPLES Lo CHEH B gHiGyRE Bbprovide the
~ are crushed fromabout 2nmto _about 150 mm the nean
desired yefpifios tamfar peeraeiiie niogmdirnsrogtignsiag selegfad | Providingia low flow
for six days, the mean val ue can increase to about
control 22u@urg/ckyy ncagrsothdectcatiom@yaid, lokeexgmph, evertsiramourhevhile having
initial value. Modst of this equilibration can occur
minimaWeff&ut Dpdheurface pondin® delays , TibeomIassystdn p@fdritdy efsd @&tend the
surface area and tine. After maxi mal uptake, |ess than
duratiofOPUturH QYO ditiR BDSOr 88t Fx GaMs B HESRIREDurs or up to a day or
Indicating that the adsorption processes are

irreversi ntrapore diffusion within the

more, thus promi)t“?@b l n%an%egio(?egitrihcatlton. . .
particlre as been reported and is an integral aspect

of the Lrreversibility of sorptign by . The,
[0057] i nt r agsfﬂéﬂ%f@ﬁgwe 26 Wb eentan i of S Hhen nemgit g outflow rate
~the average particle size. Accel erated agi ng by

to be inprighscdprherqpievaitips sjefal 4s mercaniensg, es whetedhqeatiodictwagsispwrce arca
to |l ocations where the Pis irreversibly bound. [0028]

and facllity biasishegher.daitermatingg, winat infliRsticar rates é theehfiecidilard nigh, the
retaining dissolved P even

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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after extensive amounts of P have been sorbed.
Di ssol ved P concentrations of water passing through

WO b@NTR86 remai n very | ow even after sorbing aP@UOS209/040844
that would result in high dissolved P concentrations
fromother materials typically used in bioretention
medi a. [0029] Red nud is a by-product of refining

bauxi e . into al num t he ro caust i
100381 gou b dade Dt An e ﬂ%qﬁ%aufﬁﬁam%ﬂgete box 10,
crystalline mneral matrix under tgh t enper at ure and
preferalfy dingenstoncd frecqreaspend tagtandiidisirept inksts: o Keip draneddbyaamoputlet
clarified, after which it iscalcined to separate the
pipe 11awbich man be sinvd dreosidgitoi stamdafdedutmmipro oervnes! fymd e ihoes
the finer fraction of the original bauxite left after

customdrily SkiPMe@ &S art] TUIRY syeth POTISanahfludaieditridrcdRermndiate flow
ext ensi ve proportions of secondary mnerals. The

outlets 1% leﬁé st K @hithny r§t9q'3 ‘f)%;!}bhg{e%é Q)?Sof%ﬁ? 1998 boHPVey large ﬂow events
car OnateS res In p Va UeS anglng r0n1a% ?
s co

all prefejroblg 51z|§:d &< 0|1r<Fr>1ng| (teo ?tarl%%r ggu 01 g prorcfad 1rg§J aaillnflﬁar”[attl%onse éstornarlly skilled
h bet t
in the ag %%ﬂ%w.paﬁera%ea%sﬁﬁéﬁe ?"ﬁ"t%]pah&?tiaé*?lﬂéreéﬁ@p%ér% Rpbpout

3) and boehmte (% are al so very abundant in

inches taaboutrl@dnehed abayeet pﬁm}ﬁ?metolf@nlédblﬁ}’@rﬁar phous iron and
al um num range from about 0.05%to about 022% and

[0059] about Und&dP4ii O (atxaartifdbd aAbgpassahpagh buell § and keméaceain axee 14. A
consi derabl e quantities of calcite (CaQ, but this can

swiveliY@E¥ow 1884 i¥h relii@ng 88dhEi 2t d Iﬁj(SﬁllgﬁgéérﬂEl % &dnshel g6V ide€at the other
quartz, zircon and ilnenite i O and conprise a

end of tE&14hh 1 at@&%?g h(? Q'réﬁ)qy 58 OlficP1?.  Brifice 17 is
SIS ShPBy RREIA R BBhecll)

e can a nor ~anoun

Ildes nost of whj
prefera Jy aodtopBip SR isNGS hyeR e it Budie b dabdeitic arin
red nuds can differ considerably in terns of
size. pj ner al ogi cal conposition, and often within the sane
deposit. Therefore, the mneral conposition of red nud
[0060] wi | | ¥hkvag snte acopun{ i@O6Bratipn Red thauidivasellsvardythefi¢saetto povide a
in retaining dissolved P even after extensive anounts

saturatedfzofle, iy SizbarelS@itibe df, dbifies o7 ed bEprenenipraiseBndesiphed by those
wat er passing through the red nuds remain very | ow

skilled ﬁl\&ﬁ@ aﬁ‘ftd v AZa BRI S dtRahd ‘P&E‘Illt%nrtﬁﬁé‘{)vtlthinnthg' hRia once the

di ssol ved P concentrations fromother materials
system B%sp dralﬁllej(rin -\661 He hh e?loo{lee[tae rétéllssgeg(‘t:)n%w a%l%cgeglg’géear% ;g)rl]ri:venged from
f I I ff

clogeing Gog e %m% %@?ﬁ&%ﬁéﬁgé%{%eﬁwgsﬁéﬁ How fraganderdrain 9
soils cont ai n a high proportion of anorphous al um num

and exitipgioutrtbmoutlet a@hb&@ﬁ%@ly silteried bixrilesamediar r et ai ni ng
phosphorus. [ 0033] Krasnozem soils are very effective

[0061] i n r eddbwengsed ipiediSwed cktcad apwardt feom ext el sirménagnatuncxkible
of P have been sorbed. Dissolved P concentrations of

reducin¥ @@l PSR BrFabtbhi UG b BB e'c®np. 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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muds remain very | ow even after sorbing anmounts that

woul d result in high dissolved P concentrations from
woelen2aed eri al s typically used in bioretenti oPCTES089/040844

[0034] Unlike P retention, which is understood to be a

chem cal process of sorption to nedia, nitrogen

retention is a biological process that can be

nmat e riven hot o het out.put fr
upper rigpiA R TSRO AR R Bl v g BT s 33 can be
t hey rel ease carbon conpounds into the soil which is
provided dq BaHd#n BPPoFitisebBt altached o4 woll ahbeh] & arhilgipsemittikeadjystments to
nitrogen, as well as transform ng sone of the nitrogen
its heightris meededravgelncigds, which is lost fromthe system
These N renoval processes are pronoted by increases in

[0062] T et eninQippéd dRlcaidenBlyrefcRd (}ﬁ@h@bﬁsb@ﬂﬁ elbbW@3%bnnected to upper
Systens and net hods in accordance with the invention

riser 24C@ﬁh ah$Rd bkﬂf:i@gl c&l & @b&\aes. E‘lﬁtcm@@éﬂ:lgb (ﬂ’ilfécdecﬁr%m 16 size the
has an outlet control systenrt at” can be adaptlve
outlet dg%gr%egefgr {hg ﬁ)axlqlr%[aé st a?ltaﬁ i 4 gt?f%lrerrg%6 g?aanlt I;E’Ierpa}t?fera l%gagtene(% pver the
espgnse to chan e n nmedia and soil properties over
end OfIPPIhLE% ThBreyF §r§rne<‘r+9%%mg i ncl ude an outlet system
havi ng a | owner outlet a pi pe extendi ng upward from
[0063] t he | vaé parplft tastbe pipkrably sippkanddtsdleation parels establishedrby those
upper end of the pipe. The outlets preferably extend
skilled ihehé die e eptirizre tifeqronidimgrtonveghdnddprlogetetaie aomath funofthe possible
smal | water treatnent events, which conprise the

while tro®i 1'Lntg§ QEnt@NUAbrmt w&fsfatwlwreﬁnfﬂhﬁ%em@égt Jrh%tsﬁrface can pond up
preferably al'so permt high flows to pass through t

above tﬁ'@ge%tfoﬂ olfggugé w@hears 2t4rneé’;htegreﬁrfns UL BhiRe tﬁe%%dmgl depth to increase,

treat even subst

events mrth s.fl owI

thus caSig %qrrqswdﬁ% reﬁreolﬁgeﬁfsef%e s RagatShe Ry,
af f ect hos?horus renmoval_. [0036] The system can al so

percolaipryiateseontiel gieyi lawes puies 28k earblert rueplmgeérhy\m Hpw through upper
unitary structure. The system can further including a

outlet 202 ey exangtie, accatimglo Dascywel 4w asa grassesch freflev altbyca be in
grate is provided above the nedia to protect the nedia

many nfult@iies sfehyvebghil 10§ floRrdahssge aate "@hs batedit 6PhBGhSan adjustable
passing above it. The grate preferably includes one or

elevatlotﬁ%leu@%? bt ?@2 e Peal ks ¥Blffon@n BOLEN l@%%%@@oﬁ@ to changes

escap Certain preferred enbodi nent s of
in infilt atIO{l ﬁa{][ dlnnrﬁ epnteldl%no'gé\/\% %1rne %s S¢ 4% I belgatvevI a%g tﬁeesfa R &0& ﬁydrauhc
raw ngs ererrin

bi.oretentio r reatnent ste 00 can .be e :
conducw%yhr?weaﬁ?seﬁe of WILHARIR: 128%%%@@%@9.1%6%? e %fectwe
soi |l 1. SystenrlOO Preferably includes a | ayer of
head, thye tazntsiningresfeetiebinfiltsiontrespaews abbisean prdvideethe keppbility for
which is preferably above a stone layer 3, preferably
adaptive arpagesnang toustdan diicalvast sdrtoreancoasethaemdhastabidizedcharacteristics of
preferably positioned within underdrain stone |ayer 3.
the med®.SOi |l retention material, such as a | ayer

[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

- 18 -



of drainage geotextile 2 can be included to prevent
soil 1 surrounding the systemfrommgrating into
wore@va2B80@nd underdrain stone |ayer 3. [0038] PEI/US2009/040844

accordance wi th an enbodi nent of the invention, nedia

5 can conprise a coarse matrix, also referred to as a

coarse fraction. It can al so conprise an organic

C onent, . also referred tg as an fractjo
they cof BB IER S Aot i ae o neowlr e N arsrisaa e Tepygythe outle

referably have a hi gh phosphorus sorption capacity.

assemblyrthrogh hples 2%d1iné Passi 1R} ardere layes 204 5l09gtedurdes impgomably

vol une of the coarse fraction conmponent, about 10%to
membraiedutIn 20%iapnero bulyduldy tredied wriganinctheo h}:ﬁ'rbman into dreckoil.

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

[0065] amend@Rtt syRROIIrefelde HogRIBE & waldo hottmlRrepuRiE Mgl frequent
may be provided to inprove soil conditions. For

flows t@é&ﬂlﬁﬁ&eemtr n%@b/reﬁﬁ%l' BRI 3680 SR ike tﬂ%tc%atﬁl 2%mﬂqu?1ﬁqgﬁlﬁqgon rate

race el enent mcronutrients. The coarsé frac
of the Hbei m %aI trr%atﬁgent)ﬂl Fﬁglgo S r;tga palrlrt% n ne utl?r]{a EI hatn ﬁ%ﬁl Ireegs to be
[ 0039] The coarse actlo ncI de tu

filtered F\éa abilinig axsthhIe clyafiemg 1t‘ﬁﬂt5t§r e PriBiFeyRl Outtﬁt Safﬁtem 200 can
preferably pronotes infiltration. Qher preferred

permit sygtgmpslie gcaokdanke witbdhe mventaat to ba respensidetrghangesan medfa, infiltration
without [imtation, sand derived from crushed

rates orldicsigs UBokargé craorie.oht @thisanidndeith the dmprovomante &s theirhdilia sorption
hi gh iron content, neutralized residue sand from

and infiRedoh tr&pBhRC BRIUABH corfigl@liof bESHBSHiREh& of ol RA4PdterhHL00 can
or gani c conponent preferably includes coir (coconut

. f r
1mprové‘g§h£nt§§f%¥1%oétl‘gﬁrﬁ§hr&{ﬁ e ?cg%fn 8@%%&{%% 5 GO i@m%ﬁ% Scddidance
thth%eferred exanpl es of the or gani c conponent i ncl ude
wi W limtation, peat npss. Conpost, aged wood
chi ps and nul ches can al so be present. Preferably, the
[0066] or ganAcv#tPREABAtIIYREnERN watcar S0GIaseordancaath sty
infiltration rates. [0041] The fine materi al anendnent
embodiprcef rthbinyentngl indesviaimiaiGe Bi aVatthtatatinast sgsthingt0 can include at
phosphorus sorption capacity and high specific surface
least ond1Ra of Sittib AT SYNemBOOREIIbatréfYred B HreffRr heplagsaimplabatidn 300.
the fine materital is an alum based water treatnent

Such arf &Shsbnt( o bRF&HI ﬁqaca*ﬁ%néwﬂ@r%fnesﬁ%é)g l1'i?lr§1tegfortct?@ﬁned such as

wat er treat nt |ndustry I't has been determ ned that

ure %?l 1}11%1 o%rl]rrgtkll% I eof f(%)tﬁt;:egt}]a n]taf) 3T 5009 Satt'include

in urbarn §elt| H}%S %ﬁgerrﬂnslgzop 0

even aft near decade .of | oads mhen
a tree of %%Z iﬂ%&ﬁwt@%wdga}@gl@ﬁﬁglﬁlgv T?Féml\ﬁé huh& F4epYdg more
O her preferred exanples of the fine materials
evapotrppspiraiden foritharrenre media arge than, grass omdisas deps\WPREoVa e L@ moisture
| i mest one- based WIRs.
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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[0042] Another exanple of the preferred fine materi al
i ncludes red nud, a fine clay-sized material remaining
w@taen2asd racti ng al um num from bauxi te ores. BEDHE9/040844

it can be highly alkaline, it is preferably
neutralized to reduce its alkalinity. Seawater
neutralized red nud by product from processing bauxite

[0067] ¢ pag JEAPUTE e At O GRAT FaUAFHHOB ol ARG Scion €1 grass can
phosphorus applied at_ stormwater concentrations, even

be provied e dn ggcordaggevith ageefaged embedimgnigsf the mwatiiane pvarm season grass C4
| oads. [ 0043] Anot her exanple of the preferred fine

can inclwd¢ Eenradsefimat/opebesraiéd (Gypsumgrasf anéorcPaysinz eidgatum (Switch grass),
material remaining after extracting titaniumfrom

which ifivkinkdre dereBBineRECbOMRHUN MasroRREng defensikicatiesl IntacBédence with
a very high affinity to retain p%osphorus appl i ed at

an ernb? igfe]{ﬁ’\@fttﬁé iSRRG Nodl :sQ)rﬂé or [)fﬂgfll%hseA%‘?fngk’%ov%%‘ @é%eeplgfed

ine material includes native s particularly

t,ho h r [ i.n_ir@n and/ gr, al um num content .
sumouniP23 hiiear AR Beiimidied T ARG e R Bo Ll ncgvater,
. high in iron content can retain gver 70% of phosphorus
while preypntingrompagtioft phia 3t Jiiemot Ry favidFiltis | GRC Griecment
~ decade of stormwater |oads. [0045] The fine materia
having MNan4 bleneegralhd lgssprxppasi td, bniet caredlselenlcshed factine farmutanafasnoval
and coarser aggregates of fine materials. As the fine
and canmeovide kgesyrfadcheondiag selubrecagnent s may becone di sper sed,
providing nore P retention capability as the systens

[0068] Mat ur R%ferr[i%@]i%ﬁre 3aARIABN A &alibt PrdbraBRRQALER RonPthe media by a
the invention, Tand can be prepared by éxcavation

: e filli fici : :
i Gy ol 5o U PO R PG kYl o
. _.storage of,.effluent in surf.ace pondin en inflo ..
migrat i S AG pditea STen e Pler Bi  BY BogP e so WY drain o the
) Preferably, geotextile 2 retains nedia 5 and )
soils. Thegeretkes N be saecred Ana sate P Ywdthppaniaessapbienavgh feipenmit case of
stone 3 fromthe soil 1 on one side of geotextile 2
walkingatnaffit heet wgd erbugh ta penot brempsdadeenof of ewtaed tiatee. LiratF B8 can
geotextile material is preferably porous to permt
preferatig disa havamtosdn@ipe3( Ry ee teectto cdicad Ehe'teﬂanuFlh eP®@drhbly | drate 29 can
settings where both total nitrogen (TN) [oads and the

be set flulf {d 4 §iBLWAR 31 alRat@ 29! NEINGEHMC R Ibk S}')_aﬁfcﬁlaﬁlgg)laneﬁéﬂi'zﬁ for a system
geotextil e can be nmade substantially inpernéable so as

. Q. prevent the exf |ltration,of nitrogen into the

which &gore %ﬁontdlvl\gflaeer S.toTeééﬂlffuﬁ%g {sr?eozng | ayer is preferably at
| east five inches, re preferably over about six

[0069] § hched S&é@d?yqrggﬁﬁ%ggp%% bl&&ﬁ%@ﬂ@égutéhrea@@fi@@aw,e preferably
preferably an open-graded No. 4 crushed aggregate,

about faut épcdicn dedpeanreehingricigiabheineludy en apenugradedNQ of crablingtaggregate
to about 1.2) inches. Theaggregate is preferably

whereinns Inedjannbiarectpr 8 fabowlil. 8/ inchéstowhdwrl,.2 inohes, pegerablly abéue 1.0 inches.
fines that can accunul ate during the crushing process.

The agdrb@HEEan RYREfAbERAN MR d FRMUNLYD whike RESndcOuaBRUtnck @tumulated
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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i nches, preferably three inches deep and preferably

al so includes an aggregate, nore preferably a No. 89
woreoed2|ggr egat e wherei n the nedi an di amet er i BCHOS2009/040844

0.25 (or about 0.2 to about 0.3) inches. Such an

aggregate preferably facilitates imting the

mgration of media 5 down into underdrain stone | ayer

. 048], Preferably,. nedia,b is at

include N, REQTIR St HnBer cpparB By ADtD gk dout 0.3
deep. In areas of concentrated phosphorus | oads, the

inches, ﬁfﬁﬁ?fabldébtﬂﬁ Oudivinghrsnrishcap Haplontargionaiihpaedia dpwagatg stone
to provide nore sorption capacity. To utilize nore

layer 3Z2ve¥tbee Byéol2 dastbeereferabht dremed pe riporfomiclaindetieaid g thaviog at least
the nmedi a can be increased along the sides, preferably

about oh®@inchemeRpiréfeRblyt dputalo RORNGIiAdiatctdrOVARh cAnbe¥ait®ed to an
of the method of installing the systemin accordance

outlet sWtdih! 380 i1 PAPOHABR kRl 1135'25 | dié’cecl§'§eHQH mrd betRie bgig%%'d%glcted in
erein. Upon preparlng the site by excavation and
nunedmalnrﬁg rgpotextlle 2 can be placed within the
eXcavared subgrade to |ine substantlally all of the
exposed surface, of the prepared ar refore
[0070] geot A7 E 0f megkt G ave Céﬁgerqur Zepietsghinyithout using
upward fromthe base Part of stone |ayer 3 can be
wheelegosiradken equipmentithat mgyseompupidhamadia. Jhe depthef ihresmedia eeh be
wi thin stone | ayer 3. Choker l|ayer 4 can be pl aced
preferaldly at lcastdbowtr 181 inclsk oprefelabyeabodit 84 idvhen) dé et Biwin®forabdutr2 0%
stone layer 3. Subsequently, nedia 5 can be pl aced

settlem&@¥ €1n SRAKET cohddt@lated phBSSHoRIsaABAK, Wetdopitortsddngs gviReA R hdment
or tracked eqU|pnent that would conpress it. Media 5

compos%tgoo%pa{n%f ?@?{al n pa%r‘tggo% g‘lbl d%@ intollv?deq'g&létsg\]pg idh tcg%a%%) W accordance

qun

. desj.red dept is preferably wetted by enough
it g Biigup e lﬁfqmwﬁgﬁtﬁ%ﬁtet o I nduce settlement of at
| east about_ 10% to about 15W preferably about 15%
[0071] pef or Brflomadtam g siect grican be g byaa lﬁgh%{tpeﬁa@@lq pgrous concrete
7.[0050] Following initial settlement, plant naterial
curb sedtiona¥®d sieddd geninit dir¢ch entsy ef motiutal rendimdele phersph ovarss dabds such
nitrogen renoval processes, as well as nmintaining

as leavdsnhd tiaslafrb@rtl s @igsmadia SediATRAtasivelg Cufbifabe be collected by a standard
Preferably, plants 7 conprise a mxture of col d-season

curb inlEBsyRRh We4E ﬁﬁ’sstl%gm% sPEERIOH. Q‘ﬂ@ Mo@%&lﬁté&%rﬂ%ﬁfsﬁ’l’ 2 ©w flows

regime of the site. Ih particular grasses

can be se?ecplw?let uvmgaﬂcli Orﬁeg%a%ll fds ﬁ%/gt%%)nu rgriallarﬂ rt"flesas indd QI%at A S B hted by a

grass ave een ern1ne
fectlve i.n pronoti rlent tentio

pipe 39 Wétpeﬁt)liaaﬂng Sth’tﬁé@ thenathigehy pafor o) B g yreferably sized by
shrubs, bushes and snall trees adapted to the

those skilfeit il tb@ pit s agfiordistabyic dlosis shestapiatly avalkyrengsigsaveral planter units
material. Such plants are preferably shallow rooted to

at diffeenealevitions. ndhduroseth Mpe 80wed /oradjaceand po@is ommcodte inflow section
grasses, forbs, shrubs and trees can be provi ded

38, a ndREFB A bRtuR8inforcement matting 41 can be placed, to prevent erosion and

scour from concentrated inflows.
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setting, wthout deviating fromthe scope of the
invention. [005 1] A surface layer of nmulch 8 can be
waelepodrued after planting plant material 7. MIPCHUS200H040844
prevent surface conpaction by raindrop inpact, scour
fromsurface inflows, and excessive drying and
cracki ng. One enbodinent of the invention uses for
this pur sev i nches of. fine d - d. : :
10072 o e R R TR0 et Syt & ombodimstt afgﬁ%wenﬂon having
i nches to about 0.30 inches, preferably about
an upper QEhS 52 ARG e e erewall d isshawn eencralydp Fagurgpi Q\lﬂet system 350 can
preferably provides better reduction of surface
include @lrpggpipg 42nwefrmbey sompisimnplasticndtipd 42 edni ppefSrablysinclude a diameter
wel | -aged hardwood nul ch, which intercepts nuch of the

of abous US fRNEEE 266t IEntifes) Iﬁefe%l}eﬂi {réBEY. . ThENuSleC@n further include an
facilitate renoval of accunul at ed sedlnents as part of

end capa43%%51'69% ﬁre?%t%ﬁc&ﬁﬁ)hl@& STRD GoR T6&dFve R{ xn STplﬁlOff ponded at the

se ectlon o nmul ch can be depende

surface W& I%’HI% %ntera% toip'r? filga oL %%&%L\??fmyﬁg a gra% glrl ne CFh rﬁﬁlF gﬁ{élérglrllle the overflow

ncl ude gravel ce grass c pread, s litterfal

clevatiogigf thit ot t@e 0% AR THGT  CPREY Orﬁi%ﬁe@@@ﬁqby outlet
density of grass can inprove |nf|Itrat|on rates when

pipe 45sedi ments accunul ate. Wth shrubs and trees, the |ower
stendensity nmay be | ess effective in preventing

[0073] cl oggintpwsvitorh engedraint 34 o easthrafghrant chp 42l acetveight bulkhead
In this planting enbodi nent, hardwood nul ch can be

fitting 48\ Qﬁrﬁfef&gm Q4R %}ef&lagl\&ﬁeﬂrﬁlﬁﬁb @fla Bé’n@@ﬁ abo WRERHHR 48 can be
media 5 can enter undérdrain stone |ayer 3.

fastenecf‘cg%(x}?venlgg%lbo%asgé‘ﬁli) te”%? gh&ﬁ% bg% rp% o‘htgg]ge assembly 50 can be

I SIng one

R e i PR

ul ar |ntervals pr.ef er abl about 30 feet apart or
adJustalPI@ intqraediate ety dinling Bssentes beshengawish Aspecific dall size, as applied
preferred when underdrains 9 are longer. In |arger
to lowesgsfien®l. t he underdrai ns can be connected by a
mani fol d. The underdrain (or manifold) can be

[0074] connegtredudify Bushingtdndtnigie i8embE O cahbdtpréfefablyi gbskfcd at the
flow fromwithin the underdrain 9 into the outl et

end of ecf‘b(&v@ &hembR0PAnd B 8RS b%ﬁglﬁné\lasrs@ﬁlﬁﬁrtiooﬁhﬂcﬁ Rfe%i@f)l aRdludes an
and soilsare very perneable, Tt 1s I'ikely that wa

orifice és,\f') Iu*eﬂﬂrg 1((131 0 tcréroo%g%f;lﬁrg lon, é]ttgﬁla nﬁgveq eogfr%te)(téinthe g%pcorpungcy for
. water asses the outlet and flows directly. into,s
prowdla% a ﬁ%@fa?eﬁﬁ@rle dbk %hléﬁz anfegleYRyen 06 AEIFEN S 1 P Rr%ieaabﬁﬁh%%?gned by one
oil 1. Accordingly, geotextile 2 can be made

skilled lsmb@ arifa pravidg a sepeitadatyiceaanddo exisnd wetentian timd withisvke media once
di rected through the outlet, so they can be controlled

the systby Hab draiieglrtetive an sppet uthét 3tSB elissutsee belowh eOrefi@vdt ¢aarbegireferably
the outlet pipe 11 can be rai sed above the holes 203

prevent8® frbieAS ESn B Blovidiy 4 Biedindref eemeingdply, wiRAME tHeh@rainer can be
outl et assenbly through holes 203, and pass into a

prefera‘tﬁ% 9?%1&93&5 tl?eQﬁppl gﬁ)}iﬁﬁuy BEGtck WEMr@feﬁﬂ?ﬁﬁ&ﬁy Filtered by

I'S manner,

the media.
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treated water can then infiltrate into the soil
[0055] In accordance with an exenpl ary enbodi nent of

W@ b@fizp4ent i on havi ng the configurati on shown PEI/B$1809/040844
1, effluent can enter nedia 5 through nmulch 8. As it
passes through nedia 5, phosphorous can be adsorbed
fromthe effluent. Preferably, the filtered effl uent

can enter underdrain 9.and. flow into _.outl ystem 200
100751 and. © 16 BtE OFEt b BR Afeisd i Srveaed Sk Bl eeigy. 19
system 200 preferably controls the rate at which the
permealespilie fitcap s Heth compHiGd apdar Bisd; Berrang rorvalypeef Gepted water
adsorption, and transformation. For exanple, nore
that is imfiltratege hn pegrlbéramemmpsoceld, the ontl¢tiven b £xpaaded arfd/erHewered, thereby
effluent is retained in nmedia 5 for a | onger period of

increasin s raByo o il gedudig @ic VoNiRe Sldtddetia thvik hlahfler] ihe r&Psnse of the
outl et system 200 can provide increased flow of the

system t@efﬂc l&eut‘?iﬁfrefi OB HNERE dhaddhtded HAe FBR B é&%ov%%ﬁﬁstent

wo outlets are illustrated, it 1s to nder st 0o
resOnsthat the nunber of outlets can vary as a matter of
P 8%p|ication speci fic design choice. [0056] An outl et

system 200 i.n accordance with an enbodi pent, of the i

[0076] § v enthi 18T d5e& RiRRre 3 3N K ENd BpWaldTom et tcand trayipathpyh flexible
infiltration rates. Under certain conditions, a system

reducingifittives 5, and oan bopretsdabdy fdstencd yathamipaelapp d¢i der upper riser 58 can
retention times within the nedia of an hour or |ess.

be prefcFablg cordtemteld and hiramzedan fibet I padtiely ifsale lower riser 52. Upper riser
ti me-dependent nitrogen transformations such as

55 can BEepetdrdtly a@ddhedtd RIQGRY fittRlsf BCk iy & kﬁybe cldhgp Mt PiBE clamp 54 can
system preferably provides for controlling out flows

preferalgrlgtfagc’ilﬁt?{]e%d}ﬁﬁheﬂt glf ﬂlgefe%(ﬁggeggéhéﬂ{ of %fepﬁgé.r%Si nf iolo\%é fﬁ&#ﬂg Bracket

us” ext en I on retéention

th ia. The effective outflowrate an preferably

56 can brebTafifb fisten B Bpest e THE heu e bR oh £ et or
pronmoting nitrogen transformations as sel ect ed. ,

[0077] pr ovi HiPRgF Atlebagsembly 308 wan prefeably cpmpscaihelpow dd pseximate the
the retention time to, for exanple, over six hours,

top of uphér reseh &% iwichiniwiiained rediidieg budhpend Scanfleqeefpoibli fagtened. A nipple
depths. The outlet systempreferably al so extends the

59 can biisrafdrably afsesat thfalohde iR BusBIAg 580 Ni%}ﬁé sakaibe fiekented from
hours, about twelve hours or up to a day or nore, thus

clo ggin? b9 g_%\jiﬁ'igg anhaneech §enidtd ddd o fﬁﬁﬂp?@w.[ p@?eﬂblﬁesftl%ﬁfe.& B0 can be
o"Figure 2, the arrangement of system 200 tan permt

souedffy AU FPUNBHE DR R RS AT IORAG MR PL A,
source area and facility.size i.s higher. :

an end ggprvgifthan ?R}@?é‘yﬁgw@%a Spei {1 Sl vigh 4 PR A thoevRngrifies 51
soils are high, the low flow outlet may be restricted.

[0078] The obind eap ¢herndiogucisrablesiatsl andots celjatien edablshedbypomgof
to changes in conditions over tine.[0058] CQutlet

ordinarg yigtl emth2Cot toaptimie thel poadipg 8mk andrddpth ox detsincl naghaunoff as
concrete box 10, preferably dinensioned to correspond

possibld Rhié abdMxdast Legits.| Il e ovBaK al §pical N eslek¥ti@Nthe surface can
outl et pipe I1, which can be sized according to

pond upsé%lelg A1 524bh B8upfL 60485, TR dah @husdeGnd &Qﬁi‘ﬁlg depth to increase,

] . .
gp%ézeeﬁ by adding

thus causing a corresponding increase in effective head. As a result, the formerly low
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customarily skilled in the art. Qutlet system 200 can
i nclude one or nore internediate flow outlets 12 on

WO b@grdes with a grate 13 proxi mate the top OPCHUX2000040844
to convey large flow events, all preferably sized
according to standard routing procedures famliar to
those custonmarily skilled in the art. Qutlet 12 is

referably about 6 inch t.o about 24 .i nches, re .
percolafiibpt GRFPIEE Bhloreyr pHEFGD 1 GeraBEn R P NIGSC RIS infamannct
surface of nmulch |ayer 8. [0059] Underdrain 9 (or
such thatglev wres)in vaper padet Rrsumany Byltidesefdhe wpdlondischgrggrate. The
tee 14. A swiveling el bow 15 with reduci ng bushi ng and
potentialibpmdfe ofibsendh yledibloa evabion poralie dpgebr atitl¢thven bt Het ite nldvation is
tee 14 and can be term nated by an end cap preferably

adjustatlayd REpaHd t0lchiriges inlinfilteAtioh ir&es thét ¢ah Reef ®reabimg. As sediments
adjustable to internediate issues by drilling its

accumu@a‘%ﬁ hied thRYUSDEAG WdkuR c?)ﬁ il At dgér:bésles,stf-leﬁgutlek P60 1owered to
Ta It S

I'ng into account inf ration into the native soil
inereas G elPGTR G Tap B A B B BL A Bh R ERE Rty iRt & proviae
. precisely designed by those skilled in the art to . .
adaptivi, rappgrencyt AP ERR TR BHE A TSRO S %%@R%qdoqhafaic stics of the
~ within the nmedia once the system has drai ned bel ow the
media. ypper out | et di scussed below. Orifice 17 can be
prevented from clogging fromsurface flows by
[0079] f ast eMhagutiet Systan pesferhBlygirevides pwhe tolitot oklyoegulbtcamall frequent
underdrain 9 and exiting out the outlet can be

flows tdPEhREARINedn deh@k fdakytotrBHonB & feldiADOIiod vt @Bt aldosB utilize the
pi pe 18 can extend upward fromtee 14, termnate at a

' . ’ . 1L ' st . '
capabilfty B SHEAD o driomeg] £ BEu A B EE Ao ity fonain
. it at |east.parti al its inpside |ower riser 18. :
particuly By FRERIBRCA D bEAET oI BE G Ron S dEhnalihd ey diiruandgiameter
fitting 20 wth a pipe clanp 22, which preferabl .
of the ofifigey GanPeEBit Hif) SYSICHE AR DRFCsposiep sBaes Bnyeda étffu{m@n rates or
riser 24 and its outlet assenbly discussed bel ow. A
design disdwezefdrit¢riangnispabketio? §ithdhe meprpyvowéndet thomediamspgition and
upper riser 24 attached to a wall of box 10, while
infiltratfp@rrod pohkd) ehoasljtlds & srEIRL At iOA of EBbOdEh@hts cA3hd @ISy s@ms can improve
solicited. [0062] An upper outlet assenbly preferably
nutrienﬁ%?@ftioﬁ%n?@reﬁlt@ e aécl%?%@ §&tRM & %h BRBR Mot isRodince with the
with an end cap 26 placed on el bow 25. End cap 26 can
inventiot%le drilled or cut to size the outlet designed for the
particular installation. A strainer 26 can be
preferably fastened qver, the end of _nipple .25 to . .
[0080] pr evehit agepysiaRes with predsed %@gﬂ%@ntf e%félsyr?‘@ﬁao & bigreggytion
be preferably sized and its el evation can be
system eayt ebiuiitgble dothyasteweaser anklidr |stogmivater rgataront.t Bamapsicamples of the
the ponding tinme and depth to detain as nuch runoff as
water trpata®hbiediafas desctibedhérng daakgieaney éretrsmol 4l of phogphersiiosn these
at typical rainfall intensities, the surface can pond

waste stiéhms. 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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above the el evation of outlet as high as 24 inches.

This can cause the pondi ng depth to increase, thus
w@2m9i1zeg0@ correspondi ng i ncrease in effectiveP¢HH009640844

aresult, the fornmerly | ow percolation rates

controlled by | ower outlet 201 can be suppl enented by

the flow through upper outlet 202, for exanple,

. accordjng,to rcy's Law i n a. mgnner. such. t hat f|
nitroger SR AL GG T CYedHy A SBIEee B e o A S g
di scharge rate. The benefit of having an adjustable.
The outiqt sysempern kerprefspdly designed apdoonsgrctse tq Pﬁa’ﬂll'% high flows in larger
el evation can be mani pulated to respond to changes in
events, it ipetmigtirigathe systass forirdahevemsdbsdamgiakeveanisweith Agnimal bypass flow left
sedi ments accunul ate and the saturated hydraulic
untreatgonducti vity decreases, the height of upper outlet 202
can be lowered to increase the effective head, thus

[0081] Mai Nt QL fMidAg ﬁfbgﬁﬁhlioYﬁoé fdflsh %Ieiﬁ?ﬁsﬁ}ﬁa%lpso(ﬁ%simtp%?th&t t6 @ nimize

provi de the capability tor adaptive managénen 0

. . obtain the be erfo nc sed upon ;the stabiliz
impairith BE S kNP Rates B e RASREG R RS BGeRh el A R
i retention. is jnportant and soils are very perneaple, .

bioretenjlogtsysemp & ek drefwtnn i oamyse PedityPIFHYSISHe Hblaraigtion
ensure that all flows are directed through the outlet,

systemssentpeipist 01 upelo eod seottitaes dyer & helf elaeadstod uitaniraofdfoath eSystems
outlet. Treated water can then | eave the outl et

in acco@asenbitly thchnwamgbn bal Bsar@Rled avith passtreatinontacstwide red mud and/or
| ayer 204, |ocated under inperneable nenbrane 2. In

krasnoZeRi $ilMRBIAS fyithNbY irbk bdmedtr €at ed water can then
infiltrate into the soil. [0065] Qutlet system 200

f ' t )
10082] Py & CICHRL KsBbOK] SRGtnctihad O By YOO BhE(EBh inedia

. t tilize the capahility of the rapid infiltratiagn

withous B {pasiah AR o i 4 ahE it e banpgome
contain particulate matter that still needs to _be

exhaustpd pftesrsercralrparsa Flawevpr.tthe prgpanse of plants icawy gensiisrabhgaugment
di aneter of the orifices of outlet system 200 can

retentiopef phospbysis efas béyond thod mdiashcie attributalhlbéo uptelent i on t o be
responsive to changes in nedia infiltration rates or

[0083] desi ght iglicshaidgstovdith&th@exahipl&qirbvided h&@Baftdrafe bRly illustrative,
i nprovenents to the nedia sorption and infiltration

as a maft@rsd}oal?ﬁﬁcatﬂoﬁ SpQukid B desiRRichGiE Bl ARl nEMRONInTRIMSto Himit the
outle systen% 200 caninprove nutrient retention

Sa)eogggﬂgg%goﬁglgres di scharge systens with nedia not in

PEOLEEar danee "Wi'th"#hie i nventi on. [ 0066] A wat er

treatpent bioretention system 300 in accordance with |

[0084] anot h&PVeBRYBSUFhRATCIRIoR aesPeRsaNt P HH- InSIZenyike Yskd o ivestigate
3. Water treatnment system 300 can include at |east one '

hydrauliq riggpagsessind dissolved sipeerpabphagphorup ectensioarof dipretontion systems in
hereafter as planter installation 300. Such an

accordanodwtth mieninveraionb & hb eelid @ingrisicd ktasn@tchososlswae haidrand water
space is limted or confined, such as in urban

treatmef€lebid R4S (WRRIS§ lcbinBehet Qviftl @HA @ndBeoit Péat PladinteatBé RS xlepQine were
pl anter installation 300 can include

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

composition of the media treatments.
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a tree or shrub 27 adapted to the hydrol ogic regine.
Trees and shrubs can provide nore evapotranspiration

wo a00otitiosane nedi a area than grass,

i nprove overall noisture retention.

suitable for planter installation 300 include Acer

rubrum (Red Mapl e),
Tree) and Quercus palustris (Pin Qak).

However ,

Pl at anus acerifolia (London Pl ane

it is

be understood that other trees and shrubs_ can be

Table GSE/EF‘W f%lﬂ?s"&‘é‘w%\W%sftFWH@

and can tPEEUS2009/040844
Exanpl es of trees

wga]&ropﬂglons are by weight, as

detprppinedibyrpxpiaie pxtr agtablsdrecansdgAl Heolr peat proper tiensraredyy volume.
col d-season C3 and warm season C4 grass can be
%VIded el;ordae& with a pkef%££%c i| mawdterof Coir
Réﬁelnvent belVaIl M, aschgma$s_é% anlrwﬁ&MeTmamwnt Peat
Penneset unj al opecur ol des [( Fount di n gr ass) and/ drResidual
109 R¥ARIZEMVI [ gadtm (owdbeh [grass),| wngegh I nventons . 12%
208 REETFEREY T g §T TREIT Ve T priomgLy ng nutrient
FortHHn—aceardance rwth—an—et qul rrent—of—rthe
400/? 'ﬁ@é’PﬂZF'Hn N304 gt ol orl ot her || 0484 ground cqver”can 12%
mﬂé%@@fﬁh§b8dS>UNTRmﬁmirﬁ?%rmltree 27 to fill the 31% 12%
15% WIRIB0GIKIEE . | Workprefapablly pernmitsbhe entry of aigy 12%
oRRBAPLCT | THIE N OUT MO FpTRAC [0 01 BI° WATET | iz
10%$ﬁqﬁfq«) 4Ry?%ne A be | €6 gxpensi ve, d ilt can 12%
al so be less effective for nutrient renoval and can

provi de | ess surface pondi ng vol une.
to Figure 3,

;
To extchd 9#%%35?%% ;hfl?l %at]r fh%igﬁ{é %eﬁ(ﬁ%bo@igé{f%"rﬁ tlggtélgéﬁo)qw&% %Eﬁtr(?lped by a
raf f n h to ntr
dual-ougetrcogﬁgu%é?%r e%g'l% ugﬁesgf z ?lg%a‘lfﬁﬂ aqﬁ%gwﬂlhg %eyed outflow
en 30 for the tree to extend therethroug
as a funpﬁ%tf %$ fi(b g;hm@%feme&g geeoadingéo Dateyry kg This guﬁf?td)@/%saekeraﬂy close
31. Gate 29, as illustrated, may be particularly

nati ve soil

[0068] Referring

1 can be preferably isolated
[0085] f r om Eken thedglathose washi lghh peorpoetain dfifing npaerals inctbe oredtag saturated
structure 28 which preferably keeps surrounding soils

hydraulfd @i e tRfi@dsividdre bvaityti gt evifedesh neks Shiieg frohi 1581 to 55.7 cm-h.
permtting the nedia and stone to slowy drain into

to the nisdrmedfurforaind @mtrallecyeutélmwwhqnﬁh@txe@mnms wane pajeretedtapd gonding

surroundi ng tree 27.
occurrepr ef erabl y at

[0086] | NCl uge safsPRERs AEAHRE t

t he nedi an di anet er

is a

out

replicat%@&%?e%?ﬂ% %{ll rafarg{%% n%:m){'etsw%e(pm S

e fi.nes accu

repllcat%@l%adlgpg nbeéi}g ¥

wtn Bisbly

. 8

preferably about 1.5 inches to about 2.
potenthé bepef dispyrateysigntion fimenurongugpent @féman |Ta3/<érﬁm313,e rayments after
pref erabl yi ncl ude No. 89 m xed aggregate wherein the

each evamda Amndheesttet thesbatvouof the 2ravalclhys dranabautlo®eBflow rate (average

i nches,

preferably about 0.25 inches,

nor e

[ 0069] A stone layer 32 can be
| east about three inches,

preferably about four inches deep, and can preferably

rovijdecrﬁé'l%hﬁ tesa9HE80R_MR ML
i nches to about

i nches,

which can limt

g@dﬂse to

eno ﬁﬁgpgagggﬁggﬁggék??$é&msnl
%“:5‘3 thesﬁé?@?hil}%,a SRSt rediSed the

8.4 cm-m'gratlilenheppdi@uir@dinas slemncdmitolicd FloRerates 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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| ayer 32. Stone | ayer 32 can be preferably drained by
a perforated underdrain 34 having at | east about one
WO peb/ 129306 € preferably about two inches in di aPEL/ER2009/040844
whi ch can be connected to an outlet system 350 in an
overfl ow standpi pe 35, discussed in nore detail bel ow
and depicted in nore detail in Figure 4. [0070] A
.l ayer of di.a 36 can be placed.over choker | ayer 32 ..
loading5Firis, J1elFvtlio hOa S AR VHBE G e 11PA aE v g conditions
) that may conpress the nedia. The depth of the nedia
in the betiem eé therraedit-abl y at | east about 18 inches, preferably
about 24 inches, after allow ng for about 20%
[0087] set t | Bueng ond study,elaskminozemaad redmed npossine mese vithdesaded
the depth of nedia 36 and anmendnent conposition and
weekly WORBXCH eMeGiary dausmrbRiphisingd 3 Mgt aitidien BRIdes S00Ptana@™ 4 mg-1"
capacity in accordance with the particul ar

total nit% HiTRTRSHS \sl&?éekg.h erhaiWER rhQBEdsns Wirk QW 1HE R Geekly $8h 49cm of

can be collected by a highly perneabl e porous
. cghcrete curb ctipn Si,zZ to p 1t direct entr
tertiary SNSRI @R Aot i REEl s bRt EERE SEH thontn
i | eaves and trash from cl oggi.ng nedia 36. . . .
intervalpy t?%l;rﬁadtmeméwx&re E‘&Sﬁéf"flthc%’ﬁ c Siormuaics aoByrising f rigd NOx and
curb inlet system|ocated upstream of system 300. The
1.1 to 1ifpeg-LpolMNuasedowhiip deble2ush" and | ow fl ows can be
selectively diverted into a mani fold system from an
TablapsEffeent amd Storihedter badimgt chabadtedistios, Howiweéglid bawdengrations
R0y, aindanSssAbadsl AgShAD, tdialr xpbrifienh an®e30tSr-aetloperiddy.
can be preferably sized by, thosg skilled in the aft so
as to di beadrgResinte ows sujstpé?ﬂi al TR eqliaki I&Honé N

Se¥Riuant LBadMYt: BEb 200 Laly 20070) T3 6 §Nly. 58! §VaBd ONSe.99 | 4.69

Un G BRabRaiRY: REg 360723H 2068 | 204
| NS BG4ihD Man Dood i1 9808 208

" CEffluent E&a'c'jﬁl'd.lAdégié 8-Jan 2009 [ 294”5
ater: . \ ]

Avyerage Stormp

Headellgol ¢ PRg OPS §HNCT2
Iporjagabl ¢ b¥hT| 074 | 5090
_ 3 PTEVENTt; 66

R
620 b o803kt 132
he | A§° 2009 : 38842hd034 1| huksb
out | et ABFage Steymuhistdug @RS |l 9-48 i|n OF2glir 8-93. | APl ef 1.10
syst enABBapeciormwatel gl 2609 ) skB82 i Pet44? 06Pef er abl y 1.06
COTHMiteS1 10 QveBk MasS [oad (RigP@ PP 1,6@N |pr.&iel abloy | NGueldE2, 862
al amet g1 Weel@ROIH Lodd (KgtHaNEP 1 b&t 04y 10 dgiceye | 1,765

pret The Pyt et UTLAel HOR!
B end-oapdS Al e Ee p byt luantr ool vater 20

| oss. - To_cpnv overflows, runoff ponded. t he .
100881 077 B e MERPE G Risa S Ve RREPSRondFrprragon
...grate 44 which can determ ne the overflow elevation of
prowdl%gr@chaﬁtaiaf% gachripeadmenty JNs vegratsd Kprwpesmpnd Red ilndyagpocosms
~fromsystem 300 by outlet pipe 45. [0073] Inflows from
containgthier dnapnoBAwemn Foated Grassdfighnisaiam adqped @ oides pplanted at opposite
wat erti ght bul khead fitting 46. Underdrain 34 can
cornersparelftee alobyy sternbe Rettlebriush 6CdiBsTendi padidph@lushinal Ty nickef Honey-
48 can be

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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fastened. A swiveling el bow assenbly 49 with reducing

bushi ng and ni ppl e assenbly 50 can be provided at the
woelen2and of tee 48 and term nated by an ori f PEBEUSD09/040844

Oifice 51 can be preferably adjustable to

internmedi ate size by drilling the center bushing with

a specific driII size, as applied to lower orifice 51.

74] A redu and ni ppl e asse
newer WARGGHBRIS IS HO% Ribnet 4t ohaPERHS 67T bovhs gl plantcd a
49 and tern1nated by bushi ng assenbly 50 which
one corpereWeth i yhymwiéd! (s antagh atghe foreaning comskiang /1 Aedpsd plepitadiin the
infiltration into the native soils, and the
center. ddpmesagnshy wer copemmd ibgiangaer] satalr 26 ech d&ope, the size
and el evation of orifice 51 can be preferably designed

[0089] by ong hakhilsb 86er detdrifnd thatttorRtc@rbll Sy senSab MK dlcBts#@Bhghed plants
and to extend retention tinme within the nedia once the

and lon%}‘ft&ﬁmnh[ﬁﬁ AR R LS L UGN 67?‘%3 Ghd Ol Rler ARt g?%QHt%isﬁfgrogen

OW. Crl |ce 51 can be pr erab y prevented from
n strainer the
() refinBFR R B POTR s SieapSsRy B dbiif aff R Stnat perform
he ni ppl e, Floms out of outlet 352 can be preferably
We”ﬁ“éPF%ﬁﬂﬁd@WFPered by the medi a.[0075] The |ower outl et
can be adjusted to respond to field infiltration
[0090] r at esReplicaprdifmsatdsongoirogen retenigemcaneemshisvedngthravet elebut 70%,
and/ or raised, increasing the volune of treated water
even oviehatiouit QO%rtﬁésbIVreaﬁlﬁdngeh INPQOcteyitio &om sigmsedttrs, t he
outl et can be expanded and/or | owered, thereby

[0091] | Ncr egsiuRG Sah@d Sﬁtg@ap%fcaﬁ%’ %%s&ﬁt'th@fré@%ﬂ@ﬂr a8trivhgoy 6f WiBw and

stored.” In this manner e response of the system can

outﬂovpc%n{:é’ﬂtllaﬁgﬁsd I\CI)OCQIQPT ltsllfgptﬁe KoY rhtnar@ tbe[%cj’ngﬁ F{ée\?gfge g’)&)erlment.

rovi de consi stent responses

ri.ser d fromtee 48 a :

The datp é?rrﬂt%%’hl@%é‘f"s PTG RS RUBNR st b irss B4 g inlayed. s
be preferably fastened with a pi pe clanp 54. An per

they werg %@ﬁt@éé%%lﬁmbfe Beewfse Kny teaftons iy @t@aléshbecama tiy@y their
fit at least partially inside | ower riser 52. Upper

data was ingtegollsBicd aficitbe fireBémadcky attached to reduci ng
fitting 53 wwth a pipe clanp 54. Pipe clanp 54 can

[0092] pr ef eTabkienfiae frbintvadstevadgrugiiomané pRhtstiiee axpOSeblibieagldy as high
of upper riser 55. A loose fitting bracket 56 can be

as 63% R ?e%ﬁfd:tédOWfI@SKQf'éaﬁﬂé?lt UPREThellbw &t réénﬁo‘ﬁ ﬂeﬂfg Bk WSn4rif the WTR30

wal | 42. [0077] Upper outl et assenbly can
treatrnths fIne annl?ragt 10 g ertlatseg regtmv%ps em%vﬁ)%yr[)aag’reent h%l ess than 7%.
5! a reducr’ng bus

efer . A nipple 59 can be r ra
NOx TGFGHE o oacq ﬁP%]uBt{S eimge 358 g tr%tmenrwﬂl@ et@arﬁn frgatment
prevented from clogging by providing a strainer 60
exporteg/abo. tiPeringridic halTtgpiveatgoun Bé fefertiingrangadrizim ed4%6 (o 6, while
be secured onto nipple 59. N pple 59 can be preferably
NOx retantjiarsiaagddefréro3 % tt &16e dihatN0,saleBN Ibgte@dbai inghe 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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an end cap with an orifice fornmed by a specific dril

size, as applied to the lower orifice 51. [0078] End
w@apis4ean be preferably sized and its el evat PGRIUS2009/040844

establ i shed by one of ordinary skill in the art to

optim ze the ponding tine and depth to detain as nuch

runof f as possible while treating | arge events. In

the barlrglfl'I %fregglg:\l/lﬁ t S aj %rnﬁggt%%h%a(lf g{lge/'g]&erg%h%#ne%b‘é%etated treatments
outl et 352. This can cause the ponding depth to

substanfigléy eesededimieisctednlanhigptakedsies é@rﬁ&ﬁ@ga@tlﬁa élraé ésretrtﬁﬁ:atlon also
effective head. As a result, the fornerly

contribitosvoer odradviabm biategention freaimonth. by | ower outlet 351
I ncreases according to Darcy's Law in a manner such

[0093] t hat flu@ericahf@Snih ptFRRIS 0Bl fiond Tg@t Saempnsttitdd v the barren
of the Iow flow discharge rate. The potential benefit

treatmeRs ah)gaé}sr] ched hi ﬁé@oﬁc&ttﬁﬁ@ﬁs SNO ko e HRBRAE 11916Wse$vhlle NO,

can at 1ts elevation is adjusta e to respond
retentloP 111 H%ev’sggletgtglg ?%Etr%en st \ga(t)snus It)?t 1%t1al g@i{ rFtt%Htlogﬂ \é&ggtét?ed treatments was
I dyct ty d th tl et b
particulp%mr@? ggtf%gh%geﬁé\glgénqe%gatgg{sg@fq 5 p rH]egSth(e: gtgrmvexfater runs,
mai nt ai ni ng effective |nf|Itrat|on responses Thi s can
where qutfba dencgatagtany evenaneigleradag laveeri dbewdswmdp sudegstah haemass
based upon the stabilized characteristics of the
removahwdd gencld Aondthet amdune treSy Sl fpnddve catdeyitrpiconsi die thiaprocess,
way to not only regulate snmall frequent flows to

small irfIRRANELLs R it FEducES mpahlonam& Br tBSPRAL: 1dadE] ®hébe observations
infiltration rates, but alsoto utilize the capability

fi @q@P

show thtgfr %1% Etl%g o sdv&éﬁ@ éat,s{o%'éhg tgaﬂégfneteoaf:a:l]schgét g ,é%&n%eﬁttﬁl%‘hs even

bel E still needs to be filtered. The ability to adjust

clow (t ggeievatlon and di ameter of the orifices can pernit

stens to be responsive to changes in nedia

[0094] i nf i | Y cantrapt tp s Ogresulés iFigire P derappdratedi th?ér%wat fetained by
conmbi nation with the inprovenents to the nedia

even the barpdni tosatraends,iatifeil mucht lessreffees pay semparheé toowtdettted treatments. As
configuration of enbodi nents of the outlet systens can

noted irl fHRI@IEEMNDY, iientcgt@RE ticainhtLpsramed beteerfat BElotl @mbaitGions
systens with media not in accordance with the

below 2. .‘f%%rltl' Bt-thd B84 onk W RAC KA %%? ahb L RESEE 8r890,. However,

di rents of the |nvent|o he bloretentlon system
relatlvecﬁ\lﬂ re{t)entlop pe@%}m%nﬁg ate ‘é)f(\lg er eﬁlﬁter?tﬂoa Waf% conctalrlt(lg%l %ons was better than
crlbed hereln ce the renoyal of .
that ObSﬁhV&Q Ewiﬁ Qs f Romoateusesihe fﬁ‘iatgiefye TP é?fBBY Prqofes in which
medi a can permt retention of phosphorus whi
smaller pridary Hiadgywilhpe progesionaighy. rewdfm@mhamar@g@mﬂpwéomd i These
can be preferably controlled by an outlet systemin
systemsawero rcdpgebieo vdisdhaspuerpNaoycantdatchstehdve 0SfmgHie 1 nventi on
to extend residence time for inprovednitrogen renpval
[0095] i Nt hgaSiEBlreRNBMMSN r¥BhiEdh LOFENsE SEtht At tiRhinintOf
annual runoff volunes. The outlet systens can be
preferably designed and constructed to permt high
flows in |arger
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events, thus permitting the systens to treat even

substantial events with m ninmal bypass flow | eft
wapipazded. [ 008 1] Reduci ng urban runoff | oadBCT1S2009/040844

sol ubl e phosphorus (P) is inportant to mnimze

i npai rment of downstream freshwater bodies. Wile P

retention by neV\Ay constructed bioretention systerrB IS

Tabif ¥ Rl 618 s i B, EPEgend 1 ok Bipe otk B8 san 2009
sonmeti mes d&kgnhag apdpereengagegfdnilow loadbret ?‘Hﬁ@ff | oads.

Systens in accordance with the ipvention can pe
amended wi t_Er v¥at er Nitedgenr Dxidee S| duathBNitrogeh nd and/ or
kr asnozem sarfmeg | ay,wi thehigh| i ron copigpt] [0082]
It has al s ettt capaorrry v of
typical bioretBi% gn medlh a, wi t hput 33 ant s t o] assi st
in retaining PA8Hor udb%t st or nhat é%° concentf at i ons,
can becone exhal€? dd af¢®r sVerhl y&hrs."Fbvkver, the
presence of PRHUER lcan nsi @er abl y 1%ugmeA® rft enti on
of phosphorus, K40 |oeyo®fd t h&l% whi CHISE}S &% iput abl e
to uptake. [O0CRYP6 | |5640 b& “unfer 4%bod Xat| t he
exanpl es proviRMi0 Her eaf2 er &% frer d64 i 1370stfati ve,
as a matter VOTR&ppl]i cat 8dn s§8ecific140 de&i"/gthoi ce,

and shoul d noVTBeK qonsti2died 455 | | m 20& he 4£¢opE of the
i nvention in VRR3 feD84]5Z2vmeht y2s2ventdsi of et ent i on
mesocosns, 240L in size, were used to investigate

[0096] hydr ag@lvbcthe €SN SR LARIMIL$i50 NGB eRhtisOBethe &¥nozem and red mud
phosphorus retention of bioretention systens in

treatrneﬂ@ GHs 9@ ﬂ%@l a‘é"4t)|% EO& WRH ah Eb&g%\alﬁhgw%gb&tﬁﬁgﬁ’ Bf 8 Q%g I, Over

krasnozem soil s, ter treatment residuals

the last §IEERNS, ¢ e'x”egid“ H nf ar?% GESefbEuRiRlior St agrgporoached
grasses, while one had no.ve tion (barren). Table 1

47%, e‘ﬁné@, %Iga\ter?eged%fﬁ%mqeaﬁa%n (?fﬁ‘efl dia treatnents. Tabl e
1: Media conposition of various treatnments. M neral

[0097] pr opoktwasrdsoalcteripynogdehaiN retensiod etas mpichdebsbyypriagdelimthe new WTR
extractable Fe and Al. Coir peat proportions are by

treatmen@wittemu¢08&} cdafBaichthudughialiiierie psascability gWiplcapopirmeabilitics
of fine materials in the nedia, saturated hydraulic

of the n6RNELHELtEY WTEK MEFR MY WBfeQHbt rﬂ@aﬁﬁeﬁ@@t‘ﬁey alw9§ exceeded the
ranging from15.1 to 55.7 cmh . To extend detention

maxim&rh ﬁﬁlov@}altesgb?f %ﬁﬁhb Yhe ds%@fea&fl s \EM Er??glrkaﬁ %%Lﬁ?t@lﬁlﬁn terms of

were contr I gur tlon

. nre d,.el evat ut | o
retenioh e Gtk s re e A R a7 s A DG e ™
accord| ng to Darcy's Law. This outlet was generally
compargq {stac perresandiag Vol B Frad@caiid control | ed outfl ow when

the treatnents were saturated and pondi ng occurred.
[0098] Further confirming previous observations, Figure 6a demonstrated how the non-

restricted WTR-Knr treatments nearly always leached higher concentrations of NOy compared to
the corresponding WTR-K treatments. Figure 6b demonstrated how the non-restricted WTR-Knr
treatments nearly always leached higher concentrations of TN compared to the corresponding

WTR-K treatments.
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[0086] By adjusting its elevation to provide nore or

| ess effective head in response to replicate
weeesezadd i ty, this arrangenment resulted in siPCT/EHS2009/040844

pondi ng and drai nage responses in replicates

containing nedia wth highly varying perneabilities.

Thi s arrangenent reduced the potential bias of

di sparate retention tifes upon_nutrient, retention. To
10099] ¢ or n CEpEaIY Al e 257a d Dok AveuRistial by SoiiRo08 sygpes
at the bottom of the gravel |ayer drained at a | ower
saturated| hygraulie soqdugByisgel Media & pam cxgced 20pghrepertwur prgetated
outlet, this outlet controlled flow rates as a
treatmefitgndheeraes weydrpaid foc mpteopkthhi emtdimatuche hegnmarescntage of fine
restrictive than that of the nedia, so its response
materialVal$ waik Btdnedetdriniddd thit@pisihged @& thdthdad petsist @r oM@Sa year and even
throttled to very |ow discharge rates (1 cmh 1§
more thak t & 8r bR R %g\}eﬁgm rit%gfom?n tdi if ltl?ev@etg'efaféd"i?e%tments as they
rai sed above the drainage | yergﬁo provi de “sat ur at ed
ditijons in the bottao f .t nedia. ../ 008 Durin
mature G ol “ur e i BRI e BT S BB S g showed o
..with | oaded weekly with 49cm of tertiary effl uent
d“ﬂmHEﬁﬁﬁﬁP%PH§“§W§lﬁﬁ$1 1 nitrogen oxi des (NOx) and 4.4
mg-1 1 total nitrogen (TN) for 81 weeks. The WIR
[00100}res oc dbwsupwarts agonplupion dead theeserkicn afithdpggantimfention can treat
tertiary effluent conmprising 2.2 ng-L 1 NOx and 4.1
considefapld ruhofilih b @ived Peviee kStimAf insludingwatdft frotnesveahih ihfeesity rainfall
treatnments were dosed with synthetic stornmater
events.conmprising 0.7 ng-L 1 NOx and 1.1 to 1.6 ng-L 1 TN, as
shown in Table 2 : Table 2 : Effluent and Stor mater
oadi [ S . ' [
footo1} 7o, SHERELARE BHLEH imibh B LR o o SRR AL R iR Prates and
and .80-.81- wee eri ods 008 For each nedja type,. .
oxtend RRQUAR LGRS e DU A LA GOMHPET VARt FEH O AGEALE (G taize offectve
prodetgﬁrs replicates for each treatnent. The
flow raige yehtilerseill nrpasthypsEnad dlomasgvithayt peadeys ddicspieas wees also able to
two clunps of Swanp Foxtail Grass (Pennisetum
extend whampiet tinwi dlesk lph dlotved at opposite corners, and the
woody shrubs Bottlebrush (Callistenon pachyphyl | us)
[00102and Thyweehe&ed inRarewamédt evithVil cltieticatiolywad s@%ﬂiﬁ&anﬂy lower than
planted at the remaining corners. Knobby C ubrush
the corr%@oﬁh%%oﬂ@&i%a&ea‘ﬂﬁ& t Pd A8 otk iy HREHE EMrELsed TR&HAYime provided
treatment was duplicated wthout vegetation to conpare

i t.S, responses.to. the sane treatnent with vegetation.
bythew&%&%%ﬁg% %fﬁﬁ%ﬁQBECuroides, t henewer WIR treatnments

contajped two C. apressa at Qpposi corners, C. :
[00103,5¢ hyaﬂ9 8@@%&%@@&%@% (RN AP 55% 4 ﬁﬂ/rettwwpfcav pgeur in

pl anted at the remaining corner, and F. nodosa pl ant ed
even rapiglyt draingngrhierctenfipn syfteros esdthapkhearessves eorcpstationysignidicantly

mul ch 2.5 cm deep. [0089] It has al so been determn ned
increasdshratentioror ¢ e ndsub of bythtpdans updakd avded dniteisicatddn, siieschnphlENN $etention

and long retention tinmes can provide over about 70%

can als@BoRYia8d BMAbreRabh s, OA Bdtorhw teg@RcéntRtiohs NI eRRAtion was
fromstormvater. This TN retention is enhanced by

as high de 554, @ils&{yfélﬂg 8t go%@ént&%ﬁflsoéﬂﬂroaching the experimental detection limit. TN

retention of stormwater in the older krasnozem treatments ranged from 66% to 80%.
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well for nutrient retention. [0090] Replicated

findings on nitrogen retention can be achieved, with
wor@p/1z3eut 70% even over about 90% di ssol vedPCii/US29gBOM0844

(NOx) retention fromstormvater. [0091] Figures 5a and

5b graphically present the frequency distribution of

ianOM/and outfl ow concentrations O NOx and TN for t he

and K20 treatnments ove he experi nent .
Discharg g P AV Gp oo IF 6 & A0 TRBS M. Y LBt e Gmit for TN
over | apped wi th those displayed, so they were omtted
concentrggiong frgpy pigretaion gEBeRe oMy h@\reeaé%mm@eééé ifaf 1qrgasing retention
becane i neffective, their data was not collected after
time witllsebdtantstly 8nprowe blath. NOOASPTN TMentaing mcr@wingreention and stormwater
wast ewat er when the plants were nost established was

by up t@80%Riagh 48% BFfciivelyestricted WIR-K treatment, with the
| onest retention being 43%found in the WIR30

[00104} reat FPg‘&%& Bﬂe@eﬂ%@&hﬁﬁ%ﬁe ﬂ:e‘e[u rﬁg%ﬁﬁ 1&nr&QHéTEﬂaEI§Ozel£m retention

reana arren nmedi a was ss than 7%

responsW I%P,I'e ﬁwﬁs%g\gfn{ghot ¢ 720/ ; %t %15[(/3 ny treta? n%ga %*Idgu/rﬁ (Q(b) showing

rea men por

During the final stor ter u TN retention r
the vegfipisthkIegaORrH BT AT % [del?eéW?qno%ﬁorPHT‘?é%fd'qur ks tg%efﬂuent
to 84% The NOx and TN retention in the non-restricted
loadingtrpesais weown owidic OH® mgwebing, venls thadessied an¥iranarenka) critsien is shown
than the corresponding controlled treatnent, which was
as the Ot0Bemfpl ghiest ThTKR@nvdoeitimenttves ihdpablopd nteamgthm‘ criteria in any run,
retention tinme on inproving N retention. In contrast

while tﬁeoveg&@teum BaBflcits QA% ABBLS medNhRREItINDIn WaIfeh MW 6k runs and
fromhe barren treatnent durlng st or mpat er runs.

the K10= aﬁhllel tg\ﬁ;r NbielshEd: n@a\ﬂy a qertr{lﬁsat "ﬁﬁe% 1;33 2 rgcsiuctlon of at

su s%ant y excee e pr o] ecte ant “upta
r stl t hat denltrlf catlon al so
bm“9dyﬁﬂ$kﬂﬁP%§ Wé%m%noval in bioretention treatnents
£ 093] . Further confirm ng previ ous, observati ons,
[00105F gur Biggee ¢nipseiss @L&B@@teri%@u@w disdribtipne B ecdgnivienwesponses of the red
al ways | eached hi gher concentrations O NOx conpared to
mud and NéTR tifchiovemts \whith Eighx8(rethemtngtheired g treatyesnsst el Figure 8(b)
treatnments was substantial. NOx retention by vegetated
showing ERANVTRHGIMERs. DB fed whal troatavitdarte dile tohacdtiiid ®05 mg-1"
concentrations below 1.5 ng-1 1 during the stormater

crlterloﬁ HSver WA HR othdvl R fGRNCANE /bl O RINESEoEd0YYindlll PBuent
| ower. These trends suggested that nass renmoval was

loadlng%ﬁ]se r"ﬂ}l l‘X’Tﬁ t%e%?rxslt g] %vlgraen%lllg {0 rnee‘?ghar(szI b Flg le Fllterlon n alé1 the
concen “ations. pr OCess, I'n
pro ortionately nDre t han | arger
Stomwwsala@s ?h%g@g TEHLEFAVRETIOHS Lo RSFAENY HCHPR Y ek bl of the
were occasionally capabl e of dischargi ng NOx
cffluentdepdieptunat iTbers veaparredudtion ogerddty inall efflupmdoading runs. Table 4
contrast to the NOx results, Figure 5b denonstrated
summatifatthlidsulassofitied @ipaechebgs.
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even the barren treatnments, albeit much |ess

effectively conpared to vegetated treatnents. As noted
wo poovhzo4e@se of NOx, the vegetated treatnents PEr/U820a%80H0844

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

the reductions were not as great as that observed for

NOx. However, relative TN retention performance at the

hi gher efflu | gadi oncentrati was. better than
that obeblEdendaieal Sxfiosiiiuhale. BhLERL LGt  ver y
uni form rraé%g'lhéw&‘)glpeﬁ?“é'&%%es" iTRfIgWl rseﬁ%wﬁfé)r i nfl ow

| oads wi Il be proportl onately reduced nore than | arger
i nfl ow | oads. 3

di scharging TN_con ggnﬁlmﬁgngaml ow 0.5 ng-11.

[ 0095] Tabl e 3 presenbént he 1R8tet enti on response of
the mature treatmentdpt@isdle 301 Retention of Nitrogen
Oxi des and TN, Effl ud20nypadiaig, Aug79%2008-Jan 2009
(kg-ha 1 and percent ag2®f i niBbow | o&l%r et ai ned) .

Ni trogen Oxi des Tot aK1M#@ § ogeiri0Tr eat 98%t Load ' er cent
Load "ercent Inflow 22K4B82 Upbake 169%169 K20 66 70%
171 55% K10/ 40 66 709RNIO& | 49%0840 86 96%% 188 51% RMD6
64 71% 154 60% RMLO RVI6@Yo 164557% WBRWKnr 82 63% 141
63% WIR- K 122775% 208 12=VaVRak: 100 520 217 43% [ 0096]
Over the first 81 weeks,wfunuliati ve NOX retention in
the krasnozem and redptakel|tre@bnments was as high as
49% even with an gveragel|i nflsew congentrati on of 4.4
ng-1 1. Over the | aswTRK yeekss cunulggd,i ve NOX
retention in the WIRyTreaf nentis of t hegysanme age
approached 47% even with an average inflow

[001 06]‘: oncegfdqat 1h%@cc9fia1f’:e LyitfsrdboHimentd 99& nlnten‘ﬁ’@ﬁ c&{tﬁlﬁed to retain

determ ned t N retention was rmuch | ess varla In
substan \}%rquagt}{\(]leis tolfb‘ph%sp 8rqlel§gev%nwt {ow d@élar% ocltl\oﬁrgen%ra% quP 9% 923; even 99%

th R- K
total dlSﬁ%]ggqj S]é(gs% grrug Z]taé)l %tm%g?ls égg%l@/t&{et? %t Q gcshlél\féﬁ?n ‘Hlese systems after

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

[00107] By way of example, after 80 weeks of loading with wastewater loads, the media
in accordance with an embodiment of the invention can show DP retention from wastewater of
over 88% and even 99%.

[00108] The results also show that P retention by barren krasnozem media eventually
becomes exhausted under long term loads. Improved media will delay this inevitable P
saturation, but vegetation can be desirable, both for uptake and for its effect upon extending P
sorption capacity. Even at inflow concentrations less than 0.40 mg-1"", substantial retention of P
in stormwater persisted past two decades worth of stormwater loads in all media tested. The

media did not show saturation in the K40 and WTR treatments, with an irreducible concentration
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maxi mum inflow rates of 40 cmh 1, these treatnents

were remarkably consistent in terns of retention.
wab@ea2$40ee di scharge treatnents di scharged 49P6TORM09/040844

NOx and 47% nore TN conpared to the correspondi ng

WR-K treatnments. [0098] Further confirmng previous

observations Figure 6a denonstrated how the

as low a}§ mégg ﬂqu ngno és%rc‘%g(cﬁgm 2 pcg %fo fs]‘tgnt{watel(re a'fhls shows

correspondln WR-K treatnments. Figure 6b denonstrated
that megign aerordreAC rvetétther Ve ioprrn Refuce Pdatdyeran stgepypigr and wastewater.
al ways | eached hi gher concentrations of TN conpared to
[00109F he cdherespondiangd tATRd Ketreaan g métsntfddC8 P acGemelasdd apd the media
using up to 25% and 40% fine material by volune, the

becamea & 3@Rraaal. LDR bty haad lipto 90NKbfahé witd P 10hd fRdlieRaifed in systems
can exceed 20 inches per hour in vegetated treatnents.

with theT @%?tr&ﬁﬁt%ﬁt B&H&als, %BH %efré’{;vaﬁ@hg rtI'eﬁJi nt RadnticR g&%tﬂﬁmééls%r time.

hi gh percentage ‘of fine material. It was been
et erm ned t t hi r at that ca or
[001 lOﬁVer glleg‘/sg Josults ah evéhrat me?ee arpen dernet not wgstantlaﬁl 1rn£1rrloaie P
. Showed an. inproving trend in the v §$te t r eat ment
retentiogdn @Eé%tewtwamsor cx#lne pstd thg rw/@tj%f PXSEHe iugthermore,
typically have less than half this rate, and showed a
these andersinianisgntbedath inaxpensive erdividely avatleble. [ 00100] Thi's
supports a conclusion that the systemof the present
[00111] nvenThehydraumid ¢xpatiments Shelesdthhevdryhphfsatumted ydranic
period of tinme, including runoff from even high

conductiviti€\&intt¢ dbdinddedvien SNBNh&dia bORAMG YVBhigABréfortidiB of clay

present invention have dual stage outlets to reduce

mmeralgI ﬁlv%egglta?&e%gﬁtg Xtﬁ%%%[s%tb%&d I%aé f'(?qb u%ﬂle%tb%‘u#/&n replicates. To

ccordan nventi on e to equa

ctive flow rates,. whil assin
respond?tpa xR BUBRRENF O ShipundR @earfé S gty ows to
~extend retention tine durin Iomrfloms 00102%

providernspry fdestical fesppesesr Dt prlididihisconswigtivr edusdine Flows compared to
significantly | ower than the corresponding controlled

free disthraegd systerms, thepshsvedathatthe bovent hespomses easlEdtarletcd ha themeeds of the
time provided by the outlet inproves N retention.

design. [100368bnsTWReticR@h 5196 trdapRAsroalded b akteaduisdcttarian liend¥dd, the
and TN retention can occur in even rapidly draining

outlet cBii B %ﬁf@htéﬁ%c@é(ﬁtn%ws ORRL Jtﬂé%thaﬁ@ Gn Bh %ﬁlean&r%aﬁgettlng where systems
vegetatlon srgnlflcantly i ncreases retention. As

are d651§n%dJ tto fil er h f Qtnxfz;’l %ﬁ %llélgeﬁtéagdn lge(goln rggfeldc[o re&aln small flows, while

still treqtbmgo resfta? | qO%ﬁ% ]tgreoggh m’%ﬁecféo rt]gng.?tvg{ﬁuggg %g)[an < eg%t ﬁ(gvtvl%lto "Phls greatly

concentrations approachi ng the experinental detection
improv¢sj rgientiompf 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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retention of stormnater in the ol der krasnozem

treatnents ranged from66%to 80% D scharging at an
w@e@pageoconcentration as low as 0.29 ng-1 1, PEI/ES2009/040844

suggests a lower limt for TN concentrations from

bi oretention systens. W have al so docunented t hat

increasing retention time will substantially inprove

ot h an retent'on, inc retentio nd
10011287 o7 s ety B ol Bt Bieimigbse Bap e ruer e Sthsbios from water
Figure 7 presents cunul ate frequency distribution of
flowingip® the a2 Ehdpordenenyith feriasgbing 630 compIiserE Wifeetraatmynt
showi ng the unvegetated K20nv treatnent, and Figure
chambef cnpsiogsidg walle ategenedeichnkinks N zamhavesa] asnirs refEhigon layer
threshol d between stormmater runs and the effl uent

compridi®@ghiegiarfofitulb@d SHPHIsFori R tcdti8F) dFmplisihglat R@st oMol vater
the desired environnental criterion is shown as the

treatmeRt @SidTHs ]rec}niu'dnl%d gypﬁmﬁ%gﬂ\frohro‘? EigAss) Qﬁm"i’ﬁ% sofisanahl fe Q\fater
meeting this crit a in any run, while the vegetate

treatme{ﬁﬁcqlan{bgl?, tllrlil,evali:e%eentl?% Eage%oglt%%lgg%e%eﬁélxs wta?eré at er{ 11\}\8 hﬁbel Sé/stern can

neet in nearly all stor ter runs. There is

have anraé%ﬂfbfﬁt &istoto S&Palleefg%tt 2 BYIYCQ maﬁteéffwrtpé Fe@%&ar% out 36 cubic
runs. £00105 Figure 8 presents cunul ate frequency

feet as gliepth pblfdcomupinlied &pithasrcs ekihe midteatiopflaydiepor bdurud and
WR treatnments ; with Figure 8(a) showing the red nud

[00113F r eat Redems insdedofdageerveitiB{Ha)inwdnavn ogn hidve airiRnage layer under
treatnents. The red nud treatnents were able to neet

retentioh M8cB, 88 beBodsthcfeliah® @i ddRo A Rwal?e%ltfeatehehr%hgt Raat@htion layer
runs. There was a reduction over 90%in all fl uent

can be Jéﬁggﬂe&‘ 9y iﬁéncﬁaml ee%% tfl‘?eac? ?‘%Q%és%’t‘eh?cﬁlbée%ntdgr {E%?ﬁlﬁ;t{]alh%

cri nin e ‘stormmaat er runs

reentiof i P A § e BRP TSRO ST HG " G ey B\ efo be reated
reductlon over 98%in all effluent |oading runs. Table

can flovy frgghibg il droweh the seientiondpyer i the dsapageebe T Aicalramage system
Retenti on of Otho-phosphate, 80-81-week periods

can be ¢ougtrindedltoatictcipenteethntppssal thiquizh tw tewaton biyai mesiile of the water
Treatment | Load Percent Firct 1 wc Inflnw 1 ?R4

treatmebipdhak®ed 01 K20nv 276 79% K20 136 89% K10/ 40 110 91%
K40 156 88%

[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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RVMD6 100 92% RMLO 55 96% Inflnw 1 111 Uptake 120
W'R- Knr 55 95% WIR-K 16 99% WIR30 12 99% [ 00106] Medi a
W0 pooagzeddance with enbodi ments of the i nventiREI/US2009/040844
continued to retain substantial quantities of
phosphorus, even at |ow di scharge concentrations. Up
to 92% even 99% total dissolved phosphorus (DP)
from stor ter can be achi eved.in these
00115L 5 or enbe yefapTHoamra tf&é%féﬁ‘@éc%%beé\‘i@hb? ﬂlrbé{énaagﬁyala@egneable to
worth of stormmater | oads. [00107£ of exanp
water flgpaagd tigpbeftosk Bergreable deiviatr Wowntpura tl@vsa@ erl %@sﬂramﬁ@ system can
nmedi a i n accordance with an enbodi nent of the
compriseravety ool clarinagequipdSitubest gritdsoond ofonhiviasttendsttbrough and out of the
over 88% and even 99% [00108] The results al so show
water trefadenPeHagiR Phd DR riddhalke ki H#évasoRZS MJrashiameTant dédhadism can be
becomes exhausted under |ong term | oads. |nproved
construbB@hid Yrddecd & ﬁﬁoﬁlgﬁ ll:y'?ggﬂlét@*ﬁ{eeﬂdo SAhHAb! chvthéWBter treatment
vegetatlo can be des upt ake and
charnber a}s ﬁil?f\%}regg ﬂ o Q%tlﬁsc‘itenl)l( %Fog)gi'tlgog Stg tt Seg[%g%sur ng p?wil ot ﬂO\I)EvYnngthrough the
bstantlal retentjon of P in stormiate pgr5|sted
ﬁltratwﬁ .t oS Gt BfBYt 4P YF lafm%@a&ematcemlofi% Yinypy in response to
nedi a tested. The nedia did not show saturation in the
changexin@itheromudiRand/ensareinfifratinh raifesaand/or edweesthgequired discharge
concentrationas |ow as 0.003 ng-1 1, bel ow even the
criteria.STh¢ fiveontdlsakrngemarahthevd atibeorekivangrwatee fromlthe svater treatment
shows that nedia in accordance with the invention can

chambek @AHGE BrindatiStibh MhSbar Iadahd aReona SuB¥WapRhing| B0 %&%hd outlet

There was a trend toward decreaS|ng P retentlon as
R R Dl o

ret sie t he wat e rea t ment . .

pressurg, é@%ﬁ 1ﬂ OV\éﬂ tb%go? r\%‘ et(,j?pﬁlgng PB{YdB' tatp éi:(‘@qfiisgﬁicwntly higher
perfornance over time. [001 10] These results show

pressurg, fygatervd o va gt pd pe iy autlgbePBHIS- substantial Iy i nprove P
retention in bioretention systens; they al so extend

[00116} he u¥hid, evhileflleerohaveHees ylsivensnd daserttbedramd pejnt¢chagaovel features
amendnments can be both inexpensive and w dely

of embai@thta bF the r&@at ihddntibacit Byl bauhddstesd that v HuS oshiavd and
that very high saturated hydraulic conductivities can

substitu*ﬁ%n@zg{@d:hﬁﬁges% e %ﬁlanﬁrﬁgtlaﬁ‘s SOAL 8sBioB8 MEEMiORI Y be made by

proportion
those skilled in the art without departlng from the spirit of the invention.

[00117] It is also to be understood that the following claims are intended to cover all of the
generic and specific features of the invention herein described and all statements of the scope of

the invention which, as a matter of language, might be said to fall therebetween.
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m nerals. In several treatnments, there was a broad

range of conductivities between replicates. To respond
W@ 009h2zwees vari ati ons, an innovative outl et PCT/US2009/040844

configuration was devel oped to retain flows to provide

nearly identical responses. Not only did this

configuration equalize flows conpared to free

di scharge systens, they showed that the system

responses can be tail or eg;ktfgwlge needs of the design.

In | ocations where exten eat nent provi ded by

extended detention is needed, the outlet can be

BAPATISICHA IMCEDSE ngly. On the other hand, in an

ultra-urban setting where systens are designed to

filter high rates of flow, the outlets can be

conf i gur ed Atwateetraitmestisgbtbmffbomwsovity dubstaiidek frobt watet figwing

even | arge events through the nedia, thus avoiding

into theRyRa@ScdhMng: Thi s greatly inproves retention of
sedi nents, netals and oil and grease. Furthernore, as

sedi g? Waber %gﬂgf@ﬁ% gﬁa?n‘t%? Ic%?ﬁn%ﬂ% E]%g %vggg,da oZ%erﬁldt al?ﬁnlet'

effective ra e ou a J’us O i nprove

rates., This capability for adaptive. manage t i,s an
e oG Pattitiop bt ral s bGiRaROated for posfHorus
~controls.[001 12] As described above, a water )
retentiofr GORMIFSHIE & JRASEPRFU W AtITHPAIRRYL sepistalintaddnyd. 6o giesamn, and iron or
flowng into the systemin accordance with the
aluminimehtsoibnwhin thowpter sreatmenathember, dlat wemtios kyrbgesitioned to receive
conprising side walls, a bottomand an inlet. It can
water fidav@e adlet; east one retention |ayer conprising a nedia
formul ated for phosphorus retention, conprising at
| east, ﬁfh@na%g 10RE Ghddr HRALIRALN (584, dyRdeRicteti @Hd TG ocH]E that water
gypsum and iron or alumnumrirch soils within ﬁ%e
ter treatnent cha [ he .retention |ayer
weated WO B SRR EERIER e PR PO B e ystem
can have, an area of at |east 36 square feet, a.volune,
of v dlrHARErSY S Madepthe g rabBen gcie i Witk By draigage
a depth of 1 feet nultiplied by the area of the
layer, construgigd jand atrangse so pat watsito b§ geated gin By fremsthi mnlet, through the
accordance with the invention can have a drai nage
retentioh daser tauthd @rainafeapiteran | ayer, and be constructed and
arranged so that water treated through the retention

| ayer tieaiaiRexCQbteRCdonstritYed BaiERAN NBORatRERIThrolBE the retention
dr ai nage system can be under the inlet and retention

layer odgsﬁlé{%fthgngaéé?’itt{?%‘ikn@cﬁafn%e‘i‘;a%% | ayer, constructed and

range at water to be treated can flow fromthe

inlet, through the retention | o the drajnage
syt el B Y Ao ey bdmtaRBh ot B abtr 2y hes of water
. direct water that passed through the retention |ayer
passingdhyoyglythedpyar Wét%¥£ho%fﬁaé&@%ﬁtef BfviR®a pitrqegp gontant ofggleast 0.50
retention | ayer can be nade effective to treat a depth
mg-1" cata phesphorwfeonteat ofs deast A.3) murefaadabduginptbat ratyogen @atent by at
and nore preferably over about 36 inches of water

least 40p@sSicigeihh heyphbsphoeus cyieeht by htleast 2d%hours, such wat er
having a nitrogen content of at |east about 0.50 ny-1
1, and/or a

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

thick.
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phosphorus content of at |east about 0.30 ng-1 1 and

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

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

The retention |layer can reduce that nitrogen content

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

contept by_at | east .about 90%[001 1 The | 1s of
Che var er TResrfianof GRBhberoran e eliat b phGy rationt chamber
i nperneable to water flow and the bottom perneable to
are subsfgttisHy impeymeablede wates flowaangdehe batkum grnermagde toyxatepileyqut of the
conprise a network of drai nage pi pes/tubes, at | east
chambeone of whi ch extends through and out of the water
treatment chanber and termnates with a flow contro
mechani sm That nmechani sm can be constructed and
arranged to automatically regulate the flow of water
out oft. t heThatwicni bEeltime hiwledrainhks drainagde §¥seme ndmpiiewa network
rates, in proportion to the pressure head of water

of drainfa%@VMbEQ at REQWAB of Bidhi dxtdhal tiRGudhd@rout JHhg weddt tR&fAANE chamber
adaptive nmanagenent to control Tlow dynam cs in

and terrl{lﬁl?f%? 056 £ o0 DANESR %négﬁ%ﬁkﬁl REhstiRiang gﬂjalg%ﬁdftg i%lutornatically

tration rates, or changes I1nre

di schar riteri.a. The flow conptrol ani smcanp .
regulatq S Fo g itionutar ey idteaimery S P ANAYBron @3 s n
chanber in fluid communication to at |east a first and
proportignde ghsriessute hepd ghwatch owingsthmeh tie Bigptien laypeni ng
positioned at a hei ght above the height of the first
outl et opening so that at a first pressure, water wl|
flow out the |ower outlet opening only, but at a ,
second suf Thepwsiam of ¢laghérwinreisshe Bowgantee!l mgdhpnipmegmprises a
out of both outlet openings. [001 16] Thus, while
tube redehengwhiay &otrethe watvo weataredt cdesdrer befluid vdmpainidagidn auit least a first
novel features of enbodi nents of the present

and a sdcBN@ Bl @Bperihg, Whd fecbRd binele bﬁérﬁlggjp&ﬁ\@dne& ath ﬁéi%ht above the height of
om ssions and substitutions and changes in the form

the ﬁrs@ﬁeﬁ%eﬁiﬁgﬁggﬂﬁttﬁbg ff{lgét ??étsglﬁg,dwétgy \%gf AQD oflPthe (ﬁ)vém)t gtbéi)ening

ose 's W 't hout departing from

only. b R et P Y BERPOP ot g o eftol S gpenines

cover all of the generic and specific features of the
i nvention herein described and all statenments of the
scope of t I nvent.gn. which, as a nmptter of |anguage,

m ght %be siﬁ%l SYS&R 8# &a‘tnh TCQH&WB’@HP%‘EN © WRT tie mett chamber
~ CLAIMED IS: 1. A water treatment system for renoving
receiving fyeferafiea shd mérand e effedtiygiamgunimng ty preofsy)ait ditg growing in the

conprising: a water treatnent chanber conprising side
media tovabdis in thelvanbdwahofindrogon amd/et phoaphdreasintameantet ent i on
| ayer conprising a nmedia formul ated for phosphorus
retention, conprising at |east one of water treatnent
residuals, red nud, red gypsum and iron or
7. A method of treating water, comprising: forming a retention layer

comprising a media formulated for phosphorus retention, comprising at least one of water
treatment residuals, red mud, red gypsum, and iron or aluminum-rich soils; an inlet directing rain

water runoff or wastewater, such water having a nitrogen content of at least 0.50 mg-1"' or more
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alum numrich soils within the water treatnent
chanber, the retention |ayer positioned to receive
wowrden2fom t he inlet; a drainage |ayer under PRPEEUS2009/040844
retention |ayer, constructed and arranged so that
water treated through the retention [ayer can be
collected by a drai nage system the drai nage system
nder the i r et t|on I and .w
or phosificiinsetple e o Botrmt - abroSing i piated G st il e pnd
to be treated can flom1fron1the inlet, through the
allowing gheavigteoie oy dowrwardp dreweli the fécshiserdmmroduse thef aitipage content by
system constructed to direct water that passed through
at least 50% andtreditce timt pbhysphoms centdet lpfatddwst WWober treat ment
chanber; and the retention |ayer effective to treat a
depth at | east of over 24 inches of water passing
through the layer within 24 hours, such water having a
ni tr ogen c®ht erthodfof@laith@asheirbibc mjn valeroundf or wastewater has a
phosphorus content of at least 0.30 ng-1 1 and

nitroger 85H4&tRE at B&: OHOtHQYEH: £ PR ?Hémbyorﬁémlo@aﬁreaﬁ@%% 1!, directing
reduci ng t he phosphorus content by at |east 90% %.

the watyjtg @% %%e?l%r? aﬁ/g% ggﬁntaﬂrl 11{(3@31';@\%1 of {Sll)e%chg ?ngxg{ﬁvgrlraa Itl?r&%éh the retention
i,n the walls of th er tr nt . chanber are
layer toga%& At Pﬂmgﬁn CReR Rt 7t BAOF GRPARIORS BoeRhy at loast
is perneable to water flow out of the chanber. 4. The
90%. system of claim 1, wherein the drainage system
conprises a network of drainage tubes, at |east one of
whi ch extends through and out of the water treatnent
chanmber and termnates with a flow control nechanism
const Puct edhamgthedrod sljen 7t whengtromin wetar isylifcelgd tarthe retaetion
flow of water out of the water treatnent chanber at
layer frainfafpamedistrdet.ow rates, in proportion to the pressure
head of water flow ng through the filtration |ayer. 5.
The system of claim4, wherein the flow contro
mechani sm conpri ses a tube receiving water fromthe
wat er 10.r eaThefiethod afioRimi7nwheidirtoarmste @iintsatie pngdd above the
| east a first and a second outl et opening, the second
retentiof %}Je? bnPPERE FAHP Plsdckés%‘ﬁlqt RinoRe RRtdHRA aRPBY ﬁh&s?ﬁ‘orﬁ? Fefithe
the first outlet opening so that at a firs
pressure, water will flow out the | ower outlet opening
only, but at a second sufficiently higher pressure,
water will flow out of both outlet openings. 6. The
systemof claiml1l, conprising nedia in the water

SR S R S pcion

ne .
layer having an area of at least 36 square feet, a volume of waste water of at least 36 cubic feet

water.

as a depth of 1 feet multiplied by the area of the filtration layer, per hour, the water containing
phosphorus and nitrogen, the filter layer comprising a media formulated for phosphorus
retention, comprising at least one of water treatment residuals, red mud, red gypsum, and/or iron
or aluminum-rich soils, allowing the water to pass through the media to reduce the nitrogen

content by at least 60% or reduce that phosphorus content by at least 90%.
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media to assist in the renoval of nitrogen and/or
phosphorus contam nants. 7. A nethod of treating
wawioen94eonpri sing: formng a retention | ayer PCT/US2009/040844

conprising a nedia fornmulated for phosphorus

retention, conprising at |east one of water treatnent

residuals, red nud, red gypsum and iron or

al um n}rlch SO nlet directing rain water

o O © SRR g eh e bR 121 vater

cont ent of at least 0.50 ng-1 1 or_ noreor phosphorus,

cont eptetgftiontlayes gempusisg amgrdia formylafeddpr plpspherupeatention,

to the retention layer; and allowing the water to fl ow
comprigiogeitier datar treatngint tebieiuﬁlisl eé mudayergypsumsatuoe drisitminum-rich

ni trogen content by at |east 50% and reduce that

soils; atfBAs pROLM S FipOLRdH: tHyfiledr 1dyeRsénsBU¥Med 8nd ditgh gl th@Ewok ater away
claim7, wherein the rain water runoff or wastewater

ﬁomjhgﬁ&ﬂﬂnBTﬂkqgﬁykﬁeptent of at least 0.50 ng-1 1 or a
phosphorus content of at Ieast 0. 30 ng 11, directing

h th
f/vate e\r/\ﬁ{ e({r?lp 8\,96 da%t rn\%a Igg[g ap H}l %[y StF]ﬁle&llﬁ eO%leF]ttSyg[ﬁ%I ity &hng at least
o A AR ol A

of claim7, wherein rain water is directed to the
height abeveieifust dpayiee. from a paved street. 10. The nethod of
claim?7, wherein one or nore plants are planted above
the retention |layer and assist in the processes that
renmove nitrogen and/ or phosphorus fromthe water. 11.
A et hdd offh¢ syséatnh nficlams 12 wietran thecinspepesinggs di fledt i ng
onto a filtration |ayer having an area of at |east 36
commubigasrewiteehd atthy dlstilendbf Mesidait\vaidahe Béigitofltieasist Sfening can be
cubic feet as a depth of 1 feet nultiplied by the area

selectiv@l ahh%tefdlﬂytsfep&way L SY&lo thPebnd¥Ur . the water
contai ning phosphorus and nitrogen, the filter layer

conprising a nedia fornulated for phosphorus
retention, conprising at | east one of water treatnent

resi dﬁ*@' S, Tfl 'E@'llzlqof £ 92’ Wl @l{bdge%nd &%ﬂmgls in fluid

alumlnnnrlc omnngt wat er pas

Commuwggé%"g% g g 3&?@6?%023 tes thﬁn”' b BB g ko ofhing can

ast 90% 12. A's sten1for treati_ng water conpr|S|n
be SeleCélVPléftaéﬂtsreéﬁmrffasﬁéPe% Bnihe P%HgHbOféh?rﬁéﬁ% aperiRmbY 88 %CcHlVF]drmOVmg the
phosphorus retention, conprising either water
conduitt r eat ment residuals, red nud, red gypsum or iron or
alum numrich soils; at |east one drain pipe under the
filter layer constructed and arranged to draw water
away fromthe bottomof the filter layer; the drain
pi pe éXxt end@hagystan aficlemt | 2twlsysh ¢im haigle of ttel setorslygicemg is
i ncludi ng at | east
substantially within or even above the height of the retention layer.

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

one of water treatment residuals, red mud, red gypsum, or iron or aluminum-rich soils, and an
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first and second openings in fluid comunication wth
the drain pipe, the second opening at a hei ght above

w0 b@ofizsé openi ng. 13. The system of cl ai m 12PCTHKI82009/640844
the first opening is in fluid conmunication with and
at the distal end of a conduit, and the height of the
first opening can be selectively adjusted by
selectively rotating the conduit. 14. The systen1of

- claj erein.,t - | -

effectivg am%gtt%e 5%1?}:{' hrf\g %1%2\{119%]% tﬁg :Ial{sét 5 815{11{1 hy{éeglno al rtu:[rogen

and/or [ﬁﬁ?pﬂd?ﬁs Qe ﬁroﬁlethé Gt dan‘aptﬁ@ hél i f&cond opefnnﬁ']i(se within

ectively adjusted wth respect t el ght o

or abovk tHcShy @RERIA. by sel ectively noving the conduit. 15.
The systen1of claim 12, wherein the height of the
second opening is substantially within or even above
the height of the retention |ayer. 16. The system of
claim 12, wherein the retention |ayer conprises a
| ayer of soil over a layer conprising a nedia
formul ated for phosphorus retention, conprising at
| east one of water treatment residuals, red nud, red
gypsum or iron or alumnumrich soils, and
aneffective anmobunt and type of plant [ife growng in
the nmedia, to assist in the renoval nitrogen and/ or
phosphorus contam nants fromthe water, and the hei ght
of the second opening is within or above the |ayer of
medi a.
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