| MPROVED RADI AL FLOW COLUMN RELATED APPLI CATI ONS Foreign priority
benefits are clainmed under 35 U . S.C. 119(a)-(d) or 35 U S.C. 5365(b)
of Australian provisional application nunber 2010901265, filed Mrch
25, 2010, and Australian provisional application nunber 2010902825,
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BACKGROUND
It is well known to treat water, for example, waste water containing potentially
harmful contaminants, by passing it through contaminant-removing filtration media
(also referred to herein as “sorbent,” filter media,” or simply “media”) which has been
20 packed into an elongate axial flow column. The contaminant-removing media forms a
porous matrix through which the contaminated water flows. The path of the water is
generally linear, along the axis of the filtration column with the downward flow of the
water taking place under the force of gravity. As the contaminated water passes
through the contaminant-removing media, contaminants in the water are removed.
25  The contaminant-removing media may extract particular contaminants of interest via
a number of different mechanisms such as absorption, adsorption, ion exchange,
affinity, hydrophilic interactions, hydrophobic interactions, size exclusion, and other
mechanisms known to those skilled in the art.
Axial flow columns are generally cylindrical and include an inlet at one end of

30 the column and an outlet at the other. When used for commercial purposes, very large



colums are sonetinmes required, with some commercial axial flow
colums being, for exanple, as high as about six neters with a

di aneter of about three neters. A problem can occur when increasing

t he t hroughput of an axial flow colum. The conbination of a high
flowrate and a | arge bed height may result in a high 5 pressure drop
across the nmedia. This may result in conpression of the nedia which
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to the formati on of channels in the nedia
radial flow column through the central lumen.

20 FIG. 1 shows a longitudinal section of a radial flow column such as disclosed
in US Patent No. 5,597,489. The outer casing 1 contains an outer mesh screen 2 and
an inner mesh screen 3 and a filtration media 4 disposed between the inner and outer
mesh screens. When viewed in a horizontal sectional plane, the filtration bed is
annular in nature. The inner mesh screen 3 defines the lumen 5 of the device. Water

25  enters the device at an inlet 6 and passes into the annular space 7 surrounding outer
mesh screen 2. The water then passes through the outer mesh screen 2, filtration
media 4, and inner mesh screen 3 before being taken off via the lumen 5 and exiting
the device at the output 8.

In devices such as that illustrated in FIG. 1, any deficiencies in the filtration

30  media, for example, variations in the packing density of the media from one portion of

the media bed to another, can lead to the formation of channels in the media bed.
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These channel s may be undesirabl e because they all ow for the passage
of contam nants through the filtration bed and directly into the
treated water. This can result in contam nants being either discarded
into the environnent or, if the filtration device is being used for
drinking water filtration, unknow ngly consunmed. 5Additionally, the
nature of the flowin radial flow colums is considerably nore
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t he outer perneable 20retainer are concentric. In some
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In some embodiments, the inner permeable retainer and the outer permeable

20  retainer are concentric.

In some embodiments, the radial flow column further comprises an
intermediate permeable retainer spaced apart from and surrounding the inner
permeable retainer and spaced apart from and surrounded by the outer permeable
retainer.

25 In some embodiments, the radial flow column further comprises an inner flow
chamber defined by an inner wall of the inner permeable retainer and having a first
inlet at a first end of the inner flow chamber and a second inlet at a second end of the
inner flow chamber.

In some embodiments, the adjustable element is an inflatable bladder. The

30  bladder may extend across a space bounded by the inner permeable retainer and the



5 surface of the nedia bed. The sides of the plunger may be
configured to contact the inner permeable retainer and the outer
perneabl e retainer. The sides of the plunger may conprise a plurality
of resilient el enents. I n sone enbodi nents, the radial flow
colum further conprises a nedia bed disposed in the nmedia bed
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10conposi.td E i 4 - osition
i 1 or ene i BeatpulR RN AR cP e eIy B REF RS EORP ™ | e
radi al f keating ehgapambntrwitiean oppep surdes od theadedia batl | ncl udi ng a sor bent

and a filtratjon aid. ;{ge fil ra,ioajaid rra%,éhave,aigv,\er density
than the sor b&hiomMerHROGYPERE NG ALYFEPIF Elemspied FPHbY WSt BivRgtous
earth. Thep,peg eﬁt@ag& Ry bd ﬁgin%hqﬁedtih%em%%gg%geﬁmt 6 thd ﬁﬁﬁe@tl on aid

in aratio of abo 1 By weight. ding to another aspect
of the iswuwéetiobthetrhalizbéds Theoidaded the pladicamafy beworhguwradito chhéact thdi al

fl ow colum conpri.ses .a fluid chanmber ving a si,de. wal a first

| ner pelTEsRIEEeRE Sl and'the P ieiner Ty tlan Rt ohtoe Bringer
surroundhﬁgcbﬁgﬁgé5%1-glwgfregﬁ@ﬁm@h&tg_et ai ner and spaced apart from
the first inner perneable retainer, a first 20nmedi a bed conpart nment

formed betweel somes dmbosimentpdhe peiakilayl coluren firther ceampriseh e niddiasedout er
Pt bl Gisp e RNl my SEGRAT AR BELTRA fiul FYE P et RROLf R o

per neabl er 'surroun secon perneanl e retal ner

and spacesmpdstidn dndersetdifl 1aggofithddiyteringer ekl enigisaionek fferantShgand
nmedi a bed conpartnent fornmed between the second i nner perneable

r et ai ner theddsta@EesEBRd out er perneabl e retai ner 25and di sposed

axi ally inwar ﬁb%i LISt [ ({olang ' : id
passageway dewl %’é‘g %n;l/ t ék@%é}gﬂ%ﬁ?aﬁﬁ@ﬁ%&r rreg{)rfhgg ?(Sel{l%l?sﬁé?%%gmfsiégond
fluid passhgévpysdrieemract béltvatien aid €THe filgttioredd andyddhve adpagrtdersity and

the side wall of the flujd chamher; a athird fluid S e
formed bEPRFOrIRALsBRoRKTaHeR A lﬁéqam@@%ﬁa}%ﬁ@mm%ﬁauwgtﬁf ihemedty o
bed ¢onpged ﬂ@ﬂrzcl&l@%‘f&é&‘iﬁérﬁ_@rﬁd Qxe%ﬂﬂétnﬁrai@ﬁpf&gig%ff abh\g 1k NYEREAD 1 here

is provided a nmethod of facilitating renova ~a contamant” fi-oma
cont am nat ed Watadingtte esntherfspeatef thednveotorpthiesels pprwddddi radiahflpwdi al

flow columm. T r adi flow colum inclu fluid ch er. having a
Si e vl Polign. e b Honsecita Bt Ess A Thi o by iRe ARRERT, 4 Bree 0
chanber, imer Su#Hn@hblP stiTB@Dh Eirdt Ltk BeimeRBIRirbtaRRLShir duntiihg the Mistingbanber
spaced apart from and surroundi ng t he i nner perneabl e retainer and

def i ni ngpermedble setaidppaidepas:d thedirgdns ppanerblgelinestalisier and
the 5ide Wallhed %m%ﬁltrgexﬁ%gnﬁe%’e%ééﬁ%ﬂé ﬁE%&%{j QRINERethiAEr armgé
per neabl e retarnertan he out er permeaﬁe el 4 ner, an adj ustabl e

el ement Hisasedr perinealilb ectaieli, a sbdid ¢1ep périnisable ratathes, @etqidradkrt o
mai ntain a predeterm ned packing density of the nedia bed, and a fl ow
chanber BEFIEARE rgg,m@quom@pg ﬁ?rsﬁ'é%%]l anerdieRneRbe refangr agd 8?'4‘?5‘1 fppt

anot her ASpaeL sQbnd et PURREBICRethiAEY § stdnBRRMEASY SnifRtiRM: Rtmed

between the second inner permeable retainer and the second outer permeable retainer
25  and disposed axially inwardly of the first media bed compartment, a first fluid
passageway defined by the second inner permeable retainer, a second fluid
passageway formed between the first media bed compartment and the side wall of the
fluid chamber; and a third fluid passageway formed between the second media bed
compartment and the first media bed compartment.
30 According to another aspect of the invention there is provided a method of

facilitating removal of a contaminant from a contaminated water stream. The method

-4-



treating feed water containing at | east one contam nant species. The
met hod conprise providing a source of feed water and connecting the
source of feed water to an inlet of a radial flow colum. The radi al
fl ow colum includes a fluid chanber having a side wall, an inner
perneabl e retai ner positioned in the fluid chanber, an outer
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from and : I I: a i - i.ni - an
out or - onsTEi S B AGME AR ARLIRE TP I EHANCLAGR ARSI |
a medi a bieaniss ipeing ashle wadl, ok thnbepavarablt haainangsitipaediaatit €uidt ai ner
and the outer perneable retainer, a nedia bed_disposed in the nedia

bed conp&RaARSE AN ter g eablfyretnsr eps Hengd; 18 SasflyiA chambi spacsdappéd 20

conmpart i: i j sl pagkl

Gene: 1y 5P R EAI B RILE R PR ol PR R AR ¢ he

i nner s pebeeabh thercetaipaameablbhretaimet hndithesideherl], e omgplid Iseiscopgmsinegt t he
foed wat SHEFRN 56 BLERE MRS 201 1P RO DICLATS: Thr ough
the medi ﬁcgﬁﬁgbié'&%xﬂe% E‘ia&é@leinﬁqht‘?ﬁleﬁﬁm%m?&hﬂéﬁ%ﬁ%o@@gﬂ&?%é’iﬁ’caﬂ@t ed

water, a removi ng the decontam nated water fromthe outer chanber.
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out er pefraetEls feed walgr pruytaigiig ebleasiiong coMamingabspeciser Faametod SpRpRas |
The fl ui ' t ' L ThE |
e ul ﬂroglgrﬁlﬁgg %?J}Qéo ed erat%l‘ an(?&)n?l%t[n% the %ﬂ?%ea?fﬁ'ggfwé\;@%{ocaﬁl alﬂ%é Ibf] ner

and oute e retalrners are positione

The i nnes rakalifRabtdunal The eddiddidw dvduran iretudes b fiabdantbet Bavieg a side
spaced apart from one %not her and defjne a_caonpartnent for holding a
medi a bedathE} BBERAEBFDINFIERET PP B! NSh{lRdeRAMPE, 87 QUBLPTHICEP e he
conmpaxt ”Fé?&inér%osﬁi%hgd ngh@ ﬂﬁﬁddhémhﬁl?sr}\ﬁg@ n@‘aﬂfﬂcﬁlﬁ’ EfsrRuiiBind R Mnd

predet er m ned "packi ng density wt dia bed disposed wthin the
conpar t nperimeablEhetajper aebddfieingsnaiutachampelietweancheewter mermieablemy be

any ot her suitahl terjal adapted to retai.n t di g, bed while

o m L4 ARG BY TP e R B oard TP paheE BB wanp! e,
the per npaRieble@bindLind MY obRr ferREble rétafnbt, b mAi BRI SRed @ thOVEN Or
non-woven fabric, or a porous ceram c. The adjustabl e el enent may be

an expantgBiadedcompadmenthireadingehie element biasedantgrike madiededent , t he
bl aader renEn e and SO B S Aot SRR SRREUAT Qi ac
media bed, and a fluid flow passageway defined by the inner permeable retainer. The
method further comprises passing the feed water from the inlet into the fluid flow
passageway, passing the feed water radially outwardly from the fluid flow
passageway through the media bed and into the outer chamber to produce
25  decontaminated water, and removing the decontaminated water from the outer
chamber.
The method may further comprise introducing the feed water at both a first
end and a second end of the fluid flow passageway.
According to another aspect of the invention there is provided a radial flow

30  column. The radial flow column comprises a fluid chamber, a cylindrical inner

permeable retainer, and a cylindrical outer permeable retainer surrounding the inner
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15wi th an upper surface of the media bed. The bl adder may
substantially or fully extend across the space bounded by the inner
and outer perneable retainers. In sone enbodi nents, the bladder is
infl atable, for exanple, by the introduction of a fluid such as air
or water, generally under pressure. In one enbodi ment the bl adder is
internally pressurized to maintain close 20 contact wth an upper
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the bed above the level of the nmedia so as to reduce or prevent any

f1 ow t hr yayen eencERvemialiie, eha pPeroHdbeeraMifassed through the media bed.
The sides of ‘rﬁegacﬁ#fﬂ%éle%&t By ﬁ?éelfe@éyﬁ’@gﬁﬁéﬁm}%ﬁﬂ‘é Lggegd to w pe,

scrape, or scru € 1 hner an e retalinéers as the
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configured tQ w pe crape, or scr t he inner and outer perneable
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under pressure to provide automatic self-inflation and to facilitate close contact
between a surface of the bladder and an upper surface of the media bed. In some
embodiments, the bladder is maintained under pressure to provide an automatic self-
25  inflating surface that ensures close contact with an upper surface of the media bed if
and when the media bed volume decreases due to media loss, settlement, or other
reasons.
In another embodiment, the volume-adjustable element comprises a resiliently
biased plunger. The face of the plunger is maintained in close contact with the upper

30  surface of the media bed. The face of the plunger may be sealingly engaged with an

upper surface of the media bed.



By using wi ping elenents of increasing dianeter, nedia particles can
be 20 renoved fromthe perneable retainers as the nedia bed is

conpr essed. It will be appreciated by those skilled in the art
t hat aspects and enbodi nents of the present invention are suitable
for use with any type of particul ate nedia. In a further

enbodi nment, the invention provides a filtration unit which conprises
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chel atin s etc. The sorb .can be in an tablefor

o PRERod PSS ErPS, o SRS Aot phe SEBr Rtnsable Adiners St | on

ext ender yiRYerbSovel RwRIAIR nfodidb et m%ﬁ!& &Fahd ﬂunéét‘%%nﬁéur@?{ooﬂfp%( r)
hi gh pur| ty diatomte filter nedia, available from Advanced M nerals

Cor por at jasepe, Saserub Badtyer and @aer pRimeelle tatainers magsbedntasd freip abe added

to the fil tion dla or orbe For .exampl e,
1t SR RRRE R e o Sk i AR BRRor e RiptS (AR frogs, "

wei gig  t srdiR¥biEperd odfids.r ati o (by weight) of sorbent to filtration
extender. In other enbodinents a filtration extender may be added to

filtration melisemerngodiments.dhe patigr pf aplines: configuriedithgipe SanpR der
aspect 1 %I:?uﬂ %G 9Rd Enﬁ't@{ ger%nﬁalﬁg ?é{élggéé hﬁ%é@'bé}lﬂohi ﬁl"\‘hg AL, The

radi al ow col'umm “conp cha fical 1 nner 10
per neabl plufaeﬂt)aomadedan@l@ atythéntslr Imknemmtt&rdlrpﬁrtmlad)leedmngplngr
surrounding the inner perneaple re alng The fluid chanber has an
inlet, aflclgiesize iorhvids alepnEe ? AerBIcabls AetB ey SO erERIBteE

retajier §egtfa B ?%‘ Bl edeﬂn&zﬁ)‘?e Fe'tdfhé}s 6138REVed abhfe | gﬂﬂg& P&IIRADI €

retal ner and the ou rnmeabl e retal ner are space art from one
anot her eomapadethic mesdza h&dnﬂ?ehﬂsubm]uém mpmgdlenrg:nahamlslghﬁgdmaller

t her ebet ween. The, r adi al w 15 ol umm further ri se di a bed
compr i o1 HEREoR BRIy PR Resphimedts and 58 Bh S8 fite

wiping element has little or no practical clearance from the permeable retainers.
By using wiping elements of increasing diameter, media particles can be
20 removed from the permeable retainers as the media bed is compressed.
It will be appreciated by those skilled in the art that aspects and embodiments
of the present invention are suitable for use with any type of particulate media.
In a further embodiment, the invention provides a filtration unit which
comprises a sorbent, such as metal sorbent, blended with a filtration extender (also
25  referred to herein as a “filtration aid™). In one particular embodiment, the metal
sorbent is a heavy metal sorbent such as Chromosorb® sorbent media (QSR),
available from Advanced Minerals Corporation, Santa Barbara, CA. However, other
sorbents can be used, such as nanocrystalline titania, metal hydroxide powder,
powdered activated carbon, chitosan powder, nanoparticle media {iron hydroxide,
30 titanium dioxide, alumina), ion exchange resins, chelating resins, etc. The sorbent can

be in any suitable form, or of any particular size with any desired surface area.
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In a further enbodi nent, the invention provides a filtration unit in
which the nmedia is packed at a controlled pressure. Any suitable
pressure may be used, dependi ng upon the intended use and properties
of the nmedia (for exanple, the nature, size and conpressibility of
the chosen nedia). In sone enbodinents, the pressure 20 may be | ess

t han about 25 psig or even as | ow as between about 1 psig and about 3
pSi g, The ter i pai Bl 8lcfad QRUNES RELRAMBILIDGN Ay, phi ch i's
t he ampbunt of "pressure over fﬁé’ek|st|ng at nospheric presstre. The
nmedi a magepara® high paritediadonseriieninetiaxehilabletfrain Ridvidcad Miferdisd. The
nmetal sorbent may be a heavy netal sorbent such as C uonosorb(r)

sorbent feEIosationhdanty Paybats, b alhe Mfgtigecdenfleamebe addesd tadhe h, 25
such as j ] i i enfi i i

compr o6 Rt Tdla ot SURAL by ek, TRE oamBer e SR AftaBhitn Y
addeds t oadded ifi bh hmatutart abeti S8%0by weighewtprovidanyl : lanto ity wkight axfe
enbodi nents the filtration aid is added in an anpunt of about 50% by
wei ght t 3TRFHWP ﬁﬁfaéwpaﬁeaﬁero#n a%h?mli‘?dgm%*ﬁ a@tf@fﬁﬂﬂﬁ%@dgrom% £ to
Filtrati ganedid fidR0R Heddia fl‘l@ezft%ﬂ&rrlé&tsér%ﬁn%. may be present in greater

or | esser anmounts, depending 30 upon factors such as the target
cont anm nant oAcdwedingdd amshiéraspet theaokdntign deans istprovidéte cadihil figwt o

anot her aspect .of t jnvention there is .provided a,radial. flow

ot i, SlBTRedPE e Sl Sing Sl kil R Al inper

cyli ngri g@mebpBeEtaPer ABAR QlidRical AfRér pepfithie fXdihd Qlir6@idifihe inner
permeabl e retainer surrounding the inner perneable retainer. The

i nner pepéraEbble reteings. nBie find chanebes hiaean detnaraditist, aad aisiderwadl: dhe
5coaxi al . or b ntiall X] nd.. ] | Iy antially

paral 1 ol i AT Tk Addntc (OM Pl BOBRLAY L s HRBCA e Bnel 1

The i nneperaieable uéteihcpaidBablier panrhble F&aiaecarp epickd apetifrom dnb@nbthet d
chanber. The inner perneable retainer_and the outer perneable

ret ai ner g defigsacompapaent or Baldbge et Red therrbetierenndha radinhdlent ment
cont 51 e e R ShShEbor S, FEshty ol By

controll pressure. ng to ano e i nvention
t here i s provimdefirter adbalimbhtpthedotention pidvedeasadilabtidn wit iosvhichnthe

conpri ses f.l ui hanmber, .a.cylindrical .inper perneabl e retainer,
and & cy e _e%ﬁie@a‘t BYONGOH AL BSFRTT- chay ﬁl@Fa%ﬂquP%HWd}% {469 nner
per ”Eab: ﬁeﬂegﬁiﬂg Ngbn th-EhﬁtgﬁJléd' We %H@ﬁ%%éréf{é@%f e rhéHi@(fm- SAn, kit nanted a

side wall. e inner and outer perneable retainers are positioned in

t he fl ui gzetedhdserpresFialifyodére chbpaymredib). dnsemgiemdodiamahts, He nyetsere

bl t i d t f t h d_defi
Compa t At BF B s bty 22 ik B s bherumbvsdanott e et £ubior i ses
a netal g0 beRd tewhtpligireford for@uh@peisguard iRhPadia whichda eleeshAint af

controll ed pressure. I n another aspect the invention provides a

met hod OPTCPSYER OXAT Hif SHistBBRiTAPSPhelic PreepurT eTpp@rdia mey campaias ametalow
colum t .Sl 71 i hred
oot AP R DGR PR kS0l o8 NGNS Rl BALS

i nner anghchut €hromacioed® dorvertshaiis Tie filvatibn bidrmiy wna diedmaceous ealvb) e
particular]y, conponents of a,radjal

t he nmet hod of _jnvolyes sizin
f 1 ow?col THA 2 elrrrg vt elamedtiobie Sirfied &id, mayrcomprise AbiRELBIt he
di mensi ofth@sscEARTLART The ARration aid may be added to the filtration media or sorbent
in any amount. In some embodiments the filtration aid is added in an amount of about
50% by weight to provide a ration of about 1:1 (by weight) of sorbent to filtration aid,

however, the filtration aid may be present in greater or lesser amounts, depending

30 upon factors such as the target contaminant or desired media bed packing density.



In (R2Z/R0O 2k 2Rl (R2-R1) Sone aspects and enbodi nents of the
invention provide a radial flow colum constructed according to the
above principl es. According to another aspect of the invention
there is provided a radial flow colum. The radial flow colum
conprises a fluid chanber, a first cylindrical inner 5perneable
retainer, and a first cylindrical outer permeable retainer

sur oundi ng R adlidlto bARGS: REETBRMoGncaliBh BT is PAGiGdd SladlaN A6

per meabl e retainer st outer perrreaei tal ner are spaced
apart fr oohumme mmdmrﬂoamcbldmhicnmpasésiarﬂmdchremﬂw;erreﬁmdhoal 1hmdrd| ng a

first rrediabdtherebe The radi al flow colum furt .
conpr i seBeed I&aﬁfameg,rarl arcr iricalonter prERAAbIGTCARGE SHTAWRCIng, eén%eécond

cylindri gaﬁnéayfeefeaﬂqgr PEEY r}%n’ﬁ@&b% &%n&%ﬁ%&lﬂh&%eﬁﬁ@aﬁ@% rigfer

perneabl € retainer. The seco I nner perneabl e retainer an
second oummalpesmmaintlelly aiaziahend parelld pacwdtaapalty pdraldeh dihe flanbt her and

defi ne a honrn second i a bed
Cher obet SRS SAET FIH- e ard RS TET B RNECrerTiAtlea i de
val . Th%tiihé@%rea}ﬂﬂiﬂoﬁéd HORP ALiI@RbES ﬂresa@e ridbdbld feedifng ahdl wed
chanber, and separated froma wall 15 of the fluid chanber by an

outer anpufenperficable peigiacr arpepased ermnt ﬁommnaran@;tbmﬁtdtrﬁn@ ajicgmgasipesed
withint st annul.ar, daxr

Fi ot anhori i BRRR oy EE TREm AR B o PIPL vl
conpag t ment b)ﬁcadﬂdinlgtt@ ﬁﬂmﬁera{speoaaﬂmbaﬁvehh@;\r\ﬂﬁa@e gz&h@ed@ﬁdﬁiﬂ flbvow
col um further conprises an axial |unmen, 20Accor t o anot her

aspect ofolpma. Thesitialdlow eajwna cpmpppes v fud chambey) aey mrieﬁa dBRairm
havi ng ahelrrf'egﬁlte é&?ﬁ‘rela)éhélh ¥l1r91rﬁ:glo§rﬁ9r d&g@%ﬁﬂ@%%ﬁ‘&%&o&ﬁﬂ?%@é'n\%%{ ep i o

axi al second o wher e
i nt roducp&r&hb]leaéthm‘eherﬁe finddl ch:ﬁﬂbdrﬁnes sxenﬂm;:laremﬂbt ahd talervedi. dlhef | ow

col um. Accor to an her .aspect of. the inv i e.is

pr ovi dedlfﬁlﬂﬁeﬁrﬁ}%ﬂ&eﬂw gafa poions indhe Ty &ﬁrebe’o DgiREnt
stream E&ﬁleﬁﬁ% h‘é’c%n@PJHarthé Qﬁepﬁ%e%le Qet%nél%'b éﬂ;acfeéi %&r?ﬂbﬁﬁrﬁhef&ﬁé{ﬂh&g a
fluid chanber, a cylindrical 1nhner perneabl e retainer,

cylindri el dafmeercomnelabﬂ for helﬂmgrveme@arbﬁd)tlmh”ongvaeheThﬂnmdlqoer meabl e
retainer. The fl

The | nnePRIPeDATL sepRaB b ruraioherE Tramaliis Pokelaolel) o
chanber . prkhguré.nner perneabl e
In another aspect the invention provides a method of improving or optimizing
20  the design of a radial flow column through sizing the components thereof to achieve a
desired ratio of radial velocity, kinetic (adsorption) rate constant, and inner and outer
radial dimensions of the filtration bed.

More particularly, the method of involves sizing components of a radial flow

column to achieve at least a desired level, or to minimize the dimensionless constant:

111 (Rg/R]) 2}{1
Yo ——— | I+ ——
2k (Ra-Ry)

30  where R and Ry are the inner and outer radii respectively of an annular cylindrical

23

media bed and k is a constant.



30 retainer and the outer perneable retainer are spaced apart from
one anot her and define a conpartnent for holding a nmedia bed

t herebet ween. The net hod conprises passing the contam nant stream
into the space defined radially inward of the inner perneable

retai ner, passing the contam nant streamradially outward through the
medi a bed to renove at | east sonme contam nant from the contam nant

t d . '
decont am nat egoLE reef A SRR AR o b R B it LATRHA delieolomgp e
out er pecomsabtted hedoadingto thabovediritgifles. anot her aspect of the

I nvention there is provided a radial .flow columm. Th adi.al fl ow
col urm conpri é@gorémagﬁaﬁaotgﬁaﬁ%@to I ErcdnyanHan fhess Isiprmare frw

retainer 05“";‘? i Bal o v E@P?gﬁr of héé%'a i?tﬁ!:‘l%h bér@ﬁfs# 1thd E;LEQHHE&’ and

a cylindric outer permnea | ner lus" R2 Tromthe central
axi s of pblmdablmretam@r;hadhé‘rrsts:yhndrwaﬂoutgl pdnmeabinmtalparsuaablhchng dteai ner .
hamber n outl et

The fl 3
ang ou'tJ Ie%rngHW FQFWE’FS l}frfgrstplgg?r neghg I Btuﬁeé af‘ii\g? oéréh‘ﬁ-ﬁ% i nner
with Rl aa@he%eb&mgrﬁ%lsgﬁeaqpa@ﬁ@mddﬂagnbmefé}ﬂa deFink QWir@iGompartment

rel ati onshi p: I n (Rai
for holding a first media bed therebetween The radial flow column further comprises
a second cylindrical inner permeable retainer and a second cylindrical outer

10 permeable retainer surrounding the second inner permeable retainer. The second
inner permeable retainer and the second outer permeable retainer are spaced apart
from one another and define a second compartment for holding a second media bed
therebetween. The fluid chamber has an inlet, an outlet, and a side wall. The first
annular compartment is disposed within the fluid chamber, and separated from a wall

15 of the fluid chamber by an outer annular flowspace. The second annular compartment
is disposed within the first annular fluid chamber and axially inwardly of the first
annular compartment and is separated from the first annular compartment by an
intermediate annular flowspace. The radial flow column further comprises an axial
lumen.

20 According to another aspect of the invention, there is provided a radial flow
column having at least one axially disposed contained media bed having an axial
lumen, and first and second opposed ends, wherein feed water is introduced at both
the first and the second ends of the radial flow column.

According to another aspect of the invention, there is provided a method of

25  removing a contaminant from a contaminant stream. The method comprises
providing a radial flow column having a fluid chamber, a cylindrical inner permeable
retainer, and a cylindrical outer permeable retainer surrounding the inner permeable
retainer. The fluid chamber has an inlet, an outlet, and a side wall. The inner and
outer permeable retainers are positioned in the fluid chamber. The inner permeable

30  retainer and the outer permeable retainer are spaced apart from one another and define

a compartment for holding a media bed therebetween. The method comprises passing
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2k (R2-Rl1) where k is a constant, to achieve a defined Wor |ess.
The inner and outer perneable retainers define a conpartnent for

hol ding a nedi a bed packed at a predeterm ned 20packi ng density with
a nmedia conprising a sorbent and a filtration aid. The radial flow
colum further conprises an adjustable elenment configured to maintain
the predeterm ned packing density within the nedi a bed Fluid fl ow

Lhr UG 06 kil FEShR LRI 119 Ry 2B FE DERCRLETT O

CF DRAW acco r aw n are no
dr awn tOre$aiﬁér¢pasbllﬂgﬁlhﬁcodfmmmStreeﬁ@&iﬂlallj&jﬁwaﬂlthmtlglmﬂﬁrmgdla Behii cal
conmponent that is illustrated in various figures is represented by a

li ke nun*é’»ﬂ%ﬂve atk?ﬁstﬁemﬁﬁewan&ﬁamlf%l‘zlconﬁ@"funéweﬁtrﬁa@@ﬁﬁ BNES fray be
Iabelled AN ior art
radi al f ow %Wﬂ{i%{%cﬁton ég?du#nﬁ}ow% e @&o%&%gnﬁ%ﬁgé\tsﬁ ag#‘r glﬁ? }3@2 JdUStI ng
seal of @Imnénbmdlnaibzrﬂutwﬁrdtoﬁ&qnm@anmabmwnm for use in radial flow
filtration col um shows .a radi.al amém{&tlon

col umm i ncl ud{*ﬁsyrﬁwg t%‘i‘ﬁh%ﬂ‘ﬂ%{ ?ﬁ%‘e LSpligRt eG.Sp?‘”

column. The radial flow column comprises a fluid chamber, a cylindrical inner

permeable retainer at a radius R; from a central axis of the fluid chamber, and a
cylindrical outer permeable retainer at radius R, from the central axis of the fluid

10 chamber surrounding the inner permeable retainer. The fluid chamber has an inlet, an
outlet, and a side wall. The inner and outer permeable retainers are positioned in the

fluid chamber with R; and R; being selected according to the following relationship:

in (Rz/R1) 2R1
15 Yo~ 1+ —
2k (R2-Ry)

where k is a constant, to achieve a defined ¥ or less. The inner and outer permeable
retainers define a compartment for holding a media bed packed at a predetermined

20 packing density with a media comprising a sorbent and a filtration aid. The radial
flow column further comprises an adjustable element configured to maintain the
predetermined packing density within the media bed. Fluid flow through the media
bed 1s directed from R; to Ra.

25 BRIEF DESCRIPTION OF DRAWINGS
The accompanying drawings are not intended to be drawn to scale. In the
drawings, each identical or nearly identical component that is illustrated in various
figures is represented by a like numeral. For purposes of clarity, not every component
may be labelled in every drawing. In the drawings:
30 FIG. 1 shows prior art radial flow filtration column;
FIG. 2 shows an auto adjusting seal of an embodiment of the present invention

for use in radial flow filtration columns;
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FIG 4 is a close up of the auto adjusting seal of the radial flow
filtration colum of FIG 3; 5FIG 5 shows an alternative auto

adj usting seal according to another enbodi nent of the present
invention for use in radial flow filtration colums; FIG 6 is a
detailed illustration of a portion of the auto adjusting seal of FIG
5; FIG 7 shows an alternative enbodi nent of a portion of the

di . E ) , _ ' f .
il tratt on cof S Tiodeadndl o M PR o ifling seal

FIG 9 shdREG.tihe ef fect of packing densities and nedia conposition on

pressure drop _for a given filtratiop f]ow rate in_ap_enmbhodi ment of a
radial flow f FI€rbiSiagioseop @hicauie ﬁﬁuméeﬂpﬁhﬂf%@ﬁw Begtan 10

shows t he,eff.eqtri@f 3.packing densities and nmedia conposition on
mercury renoval perf’ormance in an enbodi ment of a radial flow
filtration coFilGnt sowshe aperms@ve altmedjngtingrsgal accordingltGandthershows a

t op-down cross-sectjonal view of an alternative radial flow

o RO RS RE Stuhe PRsentySinfion P v bAA Aok stod colusta o
cross-sectiongiGVd 8Y det-9en Elhﬂtx-%cgﬁoﬁf pch{i'@h s2dE Qﬁtofahﬁ%Miﬁg béal 8t FeN 5;
colum of FIG 11; FIG 13 illustrates a cross section of a
medi a bed i n HE&of damsanwaltcative enbnsdnastraf agpriidne fpheswn adivptingerlbon:
FIG 14 Sﬁﬁ@éa further alternative radial flow filtrati on col um of
t he pre38 Pnvention; FIG 15 shows a schematic of a radial

flowifiltrati BRG.4HeM aQhdiain@minneltizarbhain hbladpiesenito adjetid 28l W t h

a centrifugal (CF) or inside-out (1-0) flow configuration;

FIG 16 afBlG@aparative charts showing media bed utilization in an

i nsi de-out FIG. 9 shows the effect of packing densities and media composition on
pressure drop for a given filtration flow rate in an embodiment of a radial flow
filtration column of the present invention;

15 FIG. 10 shows the effect of packing densities and media composition on
mercury removal performance in an embodiment of a radial flow filtration column of
the present invention,;

FIG. 11 shows a top-down cross-sectional view of an alternative radial flow
filtration column of the present invention;

20 FIG. 12 shows a cross-sectional view from the side of the radial flow filtration
column of FIG. 11;

FIG. 13 illustrates a cross section of a media bed in accordance with an
embodiment of the present invention;

FIG. 14 shows a further alternative radial flow filtration column of the present

25  invention;

FIG. 15 shows a schematic of a radial flow filtration column of an
embodiment of the present invention with a centrifugal (CF) or inside-out (I-O) flow
configuration;

FIG. 16 are comparative charts showing media bed utilization in an inside-out

30  (I-O) flow type radial flow filtration column and an outside-in (O-I) flow type radial

flow filiration column;
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30(1-0) flowtype radial flow filtration colum and an outside-in
(0-1) flowtype radial flow filtration col um,; FIG 17Ais a
perspective view of a radial flowfiltration columm in accordance
wi th an enbodi nent of the present invention;, FIG 17B is a side view
of the radial flow filtration colum of FIG 17A; FIG 17Cis an end
view of the radial flow filtration colum of FIG 17A; 5FIG 18A is a

Cross-sect| OnﬂG.VliﬁV‘{s(r%];Pgié%gctfx%qjir?vb of b i Elob/ a8 EhiAM, Glookdofive

17A;, FIG 18B 1S a pe I've View o retai ner;
FI G 18Cwiith aa epenodimesit by the\praventdhventisgecond nedi a bed ret ai ner;

FIG 19A is a partially, explod Vi f Be_radial flow filtration
col um of 10FF&;- IyPps aside VleVFPé%ei@ﬁggYifE’%% %@Péﬂ‘%‘b@fﬁ@dé@*m ew of

i nternal COMPERENIZE | fan bRE viedd dhe FupVAb 'ﬁura{imblﬁah%m@fnﬂﬁ 17A;
FIG 20 is a chart of copper renoval performance versus ow rate for
a radsal fl owFIG.|l8Aatsiacnosseketimmal viewod dredadiabflow tititrationenvhomds oEFEG. of

t he pres&rz&invention and 15for a prior art axial flow colum,
FIG 21 i§*a chart of filtration flowrate with different types of

resin for a ragh algefik @WefshbdifRliNo Lol MMl RAGOEFRACE Wi th an
enbodi nent of the present invention and for a prior art axial flow

col um; FIG.HBG. 1s 2 pArspectiye oear of sechahgrediarbed getainer, mance with
regard to mer yahemoval . 20 for .a radial. flow filtration colu in
accor dance w F#Ealr? Ae%c?&ft}‘?é?{texglpd?%‘élegr‘)g&%ag’la?ﬁE}gmfﬁgﬁno&n‘iﬁw{}? HE

prionp ar Fi@xi7al; flow col um; FIG 22B is a chart of long term
performance with regard to arsenic renoval for a radial flow

filtration coFlfim 9Bds avevielsssplodsd Yiewof dipmal ¢ramonsnts ohtheppdiglent
i nventio quﬁggt%n c%hﬂﬁxil gfpg.t”gxi al flow columm; and 25FI G 23
|

illustrates e 1 ncreased I'tration capacity of a radial flow
filtration FIG. 20 is a chart of copper removal performance versus flow rate for a radial

flow filtration column in accordance with an embodiment of the present invention and
15 for a prior art axial flow column;

FIG. 21 is a chart of filtration flow rate with different types of resin for a radial
flow filtration column in accordance with an embodiment of the present invention and
for a prior art axial flow column;

FIG. 22A is a chart of long term performance with regard to mercury removal

20  for a radial flow filtration column in accordance with an embodiment of the present
invention and for a prior art axial flow column;

FIG. 22B is a chart of long term performance with regard to arsenic removal
for a radial flow filtration column in accordance with an embodiment of the present
invention and for a prior art axial flow column; and

25 FIG. 23 illustrates the increased filtration capacity of a radial flow filtration
column in accordance with an embodiment of the present invention as compared to an

exemplary axial flow column.

DETAILED DESCRIPTION
30 This invention is not limited in its application to the details of construction and

the arrangement of components set forth in the following description or illustrated in
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columm in accordance with an enbodi rent of the present invention as
conpared to an exenplary axial flow columm DETAI LED DESCRI PTI ON
30This invention is not limted in its application to the details of
construction and the arrangenent of conponents set forth in the

foll owi ng description or illustrated in the drawings. The invention
i s capabl e of other enbodi nents and of being practiced or of being
carried talD. variou: ’ Y. rnl y
daed her Bt BintG AR B ARER 1y Ceare drdtho? UBIRRAR UL B G

r egar dedoaesf Beiing ¢anfig out e vatirs @fays.i Atdoythepliraseslogymd teimigologyhssd ng, "
"containjng," "involving," and variations 5thereof herein.is neant to

enconpas BeEwds fardhg pypeteef desraipbign ead showdd Beflrevegasdrdastimgiiosf The wel |
as addi t | ngle,i » Raglh A siddd 0ol ot @b : ef err :

herei n a{s1 "r aéﬁ a‘lﬁﬁ%’ow co‘ff LS##% ‘;Haglrng’ e%%lrl%ir}rlé J ;ﬁggﬁivgghg 8’% H? ée)ﬂS
filtrati terefheent iameanb snésmopasnédtedtemsl listédstherealts amé equivalents

i npl ementtjhati ?ns, esirabl e that channels do not formthrough the

medi a bether59T 85 W6V 48pAf1U9n2b#FBY um. Channel s can al | ow cont ami nant s

to flow with Rhditl fowilBRichRbiuMBlsqreaRids hetil b 4h@amslh foldinnetay

into the take-off stream Channels can formthrough the | oss or
set t | i ngexsfenmdylpromiNpgifer thafilttatiak o6 centarfinants drosewatconktas, mi sgne he

media after, the nedia is cked, durin hi ppi ng. of a packed nedi a
ed. or W eRGade o R Efnafl o Bt Brli Bhe BedRBST i can
ari sep dugdgil FIBer colnfllr @Marngls Al eNew chfafp@iantsab EHwokithEtieorGendense at
the bottomof a radial flow colum, or due to the washing out of

snal | er wéimatesatachwithdls medip gireetloninist de tgderaffl stream. Jfhanpels gamfyiong a
di anmet er t . | e - '

cont ai ni tng eth(?rg%?ér %eg(ljﬂé Eg%g{j:l? i é@\é&lﬂﬁ%@g&gﬁéﬁ?régre?%ﬁ%t%ﬁ%gzﬁ%ver a
fairly | endaafer ticinggitd istpacied, hoingAbipuandd £packstbmedia®ed,aitdseingf

about one year. The | oss of nmedia nay occur w thout being noticed.
The | oss"f nedia may result in the formati on of channels in the

di & bed. whi S ;
medi g be G %Veii,?%hﬁ&ﬁh“fn Bélfvcﬁéﬁé%%?aﬁée @ RHA tHi%gatvgtggﬁgﬁgas

mercury or other hazardous contam nants through the ned
i nt o t hethempedicks of tredzanconiénseat thpbofiem dfmeadiaieiiw c@Binhi dedusdad theol une

tC ﬁg lronead: %%%kﬁ#%&%&%éfﬁ%h&ﬂ)ﬁ%?%%gﬁ%édﬂf (iiorae?(%}ﬁ%le, ip'ctlrtiiclses g{' r%%di%%%?fng'ae For

diameter about equal to or smaller than a mesh size of a screen containing the media
bed. Reduction in bed size may take place over a fairly long operational time, for

20  example, over the course of about one year. The loss of media may occur without
being noticed. The loss of media may result in the formation of channels in the media
bed, which may facilitate the passage of contaminants such as mercury or other
hazardous contaminants through the media bed and into the treated stream without
proper treatment.

25 While bed volume can be lost by attrition as described above, it is also
possible for the media to expand during use.

If the radial flow column has a fixed head, then the settling of the bed can give

rise to fluid flow channels above the top of the bed which, if not blocked, can readily

allow the passage of contaminants into the filtered fluid.
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If the radial flow colum has a fixed head, then the settling of the
bed can give rise to fluid flow channel s above the top of the bed
which, if not blocked, can readily allow the passage of contam nants
into the filtered fluid. Sonme aspects and enbodi nents of the
present invention prevent or reduce the anount of untreated fl uid,
for exanple, water, which channels through a nedia bed and into the
treated fluid f i . . i

Erbod ment 5. of *PEanread i Bints A HeTR it By (5% e
pur poses ambuaiit of veengl Buidsforexanjiediaren tvbichf chaleclpthesghta thedigbéd on

may be used for the renedi ation of .industrjal wastewater, while other
enbodi rreﬁ’t“gl ghets@at@é@&lf{d %rqa@rﬂ}\?éa%ﬂﬁ%WPﬂ&W‘Frtﬁﬁi%P%& wat er or
from ground V‘@hﬁ%dﬁ&n%r&qff@%g%ﬁgﬁﬂ]eﬁti&{ mgﬁ‘/b@{ﬁgﬂlfﬁg Y oﬁéﬁmg?g%f For

enbodi ments nay be used in I ng operations rity water
puri f § catxamplsssirermbodimiknts dithe prebodinventien may bbesadsfedtieaepedidiice
hi gh purity .1 ter for |aporatory use. Enbodinments of the present
i nvent i oﬂ%%’_ﬂk}s 4 ewﬁf%%‘?fswgﬁ‘? ﬂ%‘e ‘%i“]?qdluf]?_ B PG DiveisF tc’tr_Sm%‘?:orrpl i sh the
goal s assathdinats Wohiwhiie waktd: BP §6mf Bbutthivalr Ro&IHRQRIBR N IrAksyIH S ed
for. Some exanples of nedia that may be used i'n different enbodi nents

of the pretenDilienemhedioenisiadiulreusgd ampelshinigapeiagionkfod bighGrily wettr a,
activated carbon, ion-exchange resin, steel wo 0O-val.ent iron),
o or act | D IAERg eyt RS 5 SRS SnhiPous M Gl B0 o e T ik
filtiati aatertgdilsbwitofyaseN Embddini@el 6f theyres@AMiveRBoPRial usd R&icdkt h

substantially regul ar shapes (e.g., spheres), i rretgul ar shapes, or a
mi xt ur e &FMBEE Rltfation mediossprraplrbihe 2es asneciated eihitempypese for

illustra i i I I e i | a
bed, it ST eaapedtits o R A Selhob b AR e kRl A IRERHL? .,
be used tidferat anbodihensedile frecnnmveionandudd pragultiferfid oxido{GFHYI d in
and out of the nedia bed., In different enbodinents, the perngable

r et ai ner TFEY- BEvatehs ?nadoai-iefawagm St ,W%lﬁv@ﬁn@w JHOREWER
fabrig, %e&ﬁ%@%ﬁﬁﬁ%?ﬁ%@ﬁaﬁ@gﬁk%ﬁ afY bitRPBrafBh fida® or rEél?ﬁ. exemelig 10

sone enbodi nents, t erneabl e retai ner conprises a polyneric
menbr anema¥ kemposeyraeticles wehbubmtmfiallnregole slapbo i grpsphses 2 Srdgakaran
effectiv ore size of about 10 Mm and in other enbodi nents an
effectiv%’agﬁﬁﬂggp’i}émﬁefo%ﬁ t 20 Rm In other enbodinments, the

per neabl e ret AltAQighl sntRDIHEEREDE thE HveSHHTRE Sllustrald Y withaéfRt@ss o
steel screen. In sone enbodi nents the netal screen has a thickness of

bet ween abyean 1@ retmindhelmedgedgit fil be appresiatap that aapsaut oflpeympghle and a
pore,siz . | t D g

Do e R B0 AR AL o Do Qo in,
enbodi meaitothemeliadid. cinsdiffeent dasodameithitbk paarabit réieineeany Bbaut 3 mm

and about 7 nm. for exanple, about 4 mm and a pore size of between

about 101116#1, a/at, pesmebragy, pyyoven or non-woven fabric, a porous ceramic, or other
suitable material. For example, in some embodiments, the permeable retainer
comprises a polymeric membrane. The polymeric membrane, in some embodiments,

25  has an effective pore size of about 10 um, and in other embodiments an effective pore

size of about 20 pm. In other embodiments, the permeable retainer is a screen, for
example, a 5-layer stainless steel screen. In some embodiments the metal screen has a
thickness of between about 1 mm and about 3 mm, for example, about 1.7 mm, and a

pore size of between about 10 pum and about 30 um. In other embodiment, the

30  permeable retainer is a plastic screen. In some embodiments the plastic screen has a
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I n various enbodi nents of the present invention, a device is provided
in contact wwth the nedia bed to apply a pressure to the nedia bed
and reduce the 5likelihood of the formati on of channels. The device
may conpact the nedia bed to counter the reduction in volune that
woul d acconpany the |oss of nedia by, for exanple, escape of small
particles of nmedia through a screen retaining the nmedia bed. In

one e”bogﬁ&%@%s  ofhRew dé% ?Lhtg %ﬁ%nd%boﬁﬁ‘f@&a'f% e%%ﬁ% (et Al hatpo! e

bl adder positione op of a ne I'han annul ar Tl ow

col um. phenrideke bepaee addbed waemd sbeui SMem. 3 and outer 2 screens is
initially filled wth nmedia 4, the bladder 9, which in sone
embodi ment s i & waneys embedioentsiof the lgeqfagwrnﬁmaa gaviedis p@q’\f@d iadj j acent

tot he_ t ?cﬁléé)({t uhﬁe[h %hﬁ b%gqo #{)1}9‘5 Slaﬁe[s fé e%edﬂm%dbzlnﬁq'g

retrofit 0 eX|s I'ng colu er can be I n by way

of aiy phledivoé obthelfymidieniofithadele! Tha dahceamay esspadt zlesinédlu belsl tof or
exanpl e, water, oil, or pneumatic fluid, through conduit 10 15into
the cavi EQAn{er thg re@ﬂ@l%laaa@rneghatﬂwi@ ﬁ‘fqoé{’cpiabﬁth&floﬁsﬁénl‘ﬂdé?d%rforcauses

the bl addeinio BLBSDr AR pHARs bPRAARbaetP &bt REfhink RIARN, BER! | NG

t he spac tween the i nner and outer scr ens an ensu I'ng that any
fl ow bet ween Imcmel amexdimaed, sshewn ScFEePs these isiprouddd drhieflateblic dldd:

The bl adder .wi flatetoflll t he voi d _at_.the head ace
bet ween H%SlP?fFFé‘ra oBgf 2 edigbgd 490 4B FURMEHEC AN Aﬁfﬂ?&&lﬂs

conpi@es sedwiBpink ifer BlaHl duepd sbgel 1§ﬁﬁﬁ|aily”'§llé&ewﬁ}bﬁmeﬁiaaﬂ dRrHlider 9,
mai ntain a desired packing pressure in the nedia bed and/or such that

further wkishnssane gmbod*lmebﬂsami@ped annubaskyi {5l positionedep tapsd or adjacent to

o adaer Saighat Rl T SIGOTEPALTRReltho Rb i B csses.

The bl ad&ﬂﬁmﬂayﬂl@bia@ddﬂt@i mﬂatedabwegsSﬂﬁlepmlﬁ@oﬂﬁmbdlﬁsod&;eﬂio@@f
| east partial conpaction or at |east 25 partial deflation of the

bl adder #REsvEzeh8uide Hir £Xpmplensatep @ilachaguarpe Aibid, fhjougygonduit 10
nb h
embogy ”E&Efgggg%@ gﬂa §f@e BRA8LS. %J{Eﬁ%{ﬂ%&f@f‘%ﬁ% iéIiad&r%h&g!r; FheGo(i) d& T e

mul tipl e e arrange annu

end of tpressdrdiraufredhe ﬂapelzhifahhjbard ﬁrmetblyasdﬂafgsthermacbbeﬁmm 1fmi@m for
exanpl e, rubber, plastjc, t)r/ﬁﬂgtfﬂm materijal that would inflate
under apPid %?r.saweaffa Sswietp beryeethibe jine 4ed PURt SrENSE sone
enmbodi et chhife &'e@ﬂ%%& Qhe Qﬂaé&’éi‘%ﬁ n%f'iﬁe fPrmed i@ fe H@Jdadf tli?é"aped

into an accordion-like structure h expands upon the application
of pressipaee betweemtile itrer 'am(bowb]asj:dml@ gbove the media. Additional compressed

20  air or fluid can be placed inside the bladder to maintain a desired packing pressure in
the media bed and/or such that further expansion of the bladder is possible in response
to compaction or loss of media from the media bed. In this way the bladder
automatically fills any voids formed as the media compresses. The bladder may be
maintained at a pressure which provides for at least partial compaction or at least

25  partial deflation of the bladder should the media in the media bed expand. In some
embodiments, multiple bladders 9 may be used in a single column. The multiple
bladders may be arranged, for example, annularly about an end of the media bed. The
bladder or bladders may be formed from, for example, rubber, plastic, or any other
material that would inflate under application of pressure internal to the bladder(s). In

30 some embodiments the bladder or bladders are formed from a metal shaped into an
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In sonme enbodi nents, inflatable bladders can accommbdate up to about
5% or up to about 10% of nedia | oss by way of expansion, which is a
fairly substantial 5anmount of nedia | oss. For exanple, in sone

i nstances, proper sieving of nedia of |ess than about 90 pm nay take
pl ace prior to packing of a nedia bed where the perneable retainer is
aflit or screen with a pore size of about 20 pm As such, there

woul d be J f. or
screen tB 0&*%1%% gggfglzcat%]g q%hfgﬁnﬁr s ) gqgﬁ%l‘%%ﬂﬁc&% ofﬁ%gsgur% 1nt%1t}1%1 Io thé
const ant bisddé{s)g pressure of between about 1.4 bar and about 2 bar
between the influent and the filtrate is used during the radial

filtration prdtgee emppdiyapsdptigablrokdders cap arremmadatein @ appwi % RE
wor ki n i g one
embod et & B L R o o P B A Syt ™
appl i 8d amdupofpedia loto Rdnexiuhplddmrsoﬁm zmﬁa‘rme$ ipeopreesiceind ofmediarfd t o

keep it conpact_ to prevent cha nellng | hg .an ove essure in the
bl adder oz A et I0pea gy sese %%pa@rmw#iﬂ&? tgmmediabe waeie ey the

liquid b [ eh. .l
rel ati ve%rﬂgegisﬂ;? 1%t§irn%1.drs § ﬁﬁ R 56 %eﬂ Vﬁﬁ{%%&g%fe&gke Q(Eeu\%/ g P &lnfe%lvls ?rtgcﬁlilt bhe%esand
by havi ngoaldbedidel ﬁedgme sﬁmllbthm tha@otdWirdieihe Watsh ecreed giat &nidd t he
bl adder, for exanple internal to the bladder, a user will be able to

20 det er fiARe NEEHHEYE here is a leak in the systemor whether it is
desi E)tf‘bl e 1o B, é?nl?d?ﬂ %E%c%h&taﬁ%w&ﬁ(ﬁlggurbﬁb& Jrideeitefddal1 454 Of

t he adder reduces or |n1na es o open up the colum and
refill watdaboad? halalsetwemﬂha irtfluefit ameldhafiltoassis uBai‘:dmag thdaEadizil ﬁdhtk&ronl S
flexible, it can confo to the shape of the bed when it

i nfl at edPrOSEYSt %B?IH%FIPH&SIF’SHE Igiier g&ﬁ?"a\? thandhe P *%?FESSBFPO‘S&PM S

the 25 biagdelsidiorthestdedes. ﬁpé&ﬁé'éiﬁbécﬁ%n&%faﬁb%&ﬁr@ of haweBapsueh st he
media bed and fill up any gaps which are t behind by the |oss of

t he nmedi bar and aboutPriwr iy zppdied and purhpedpn@stbﬁblaﬂdwapumm sediasdows ef ul
t | ked.t h
dosi od HERIRES? RegPraddhpiedenipenitiing. ELEREhSVeBRSARS 1 fediier onal

air or ffmﬂatbﬁe@i\aaﬁc@w&e@dr&aﬂb@aﬁmwadata%yz fne lighddels filreedi at el y
30after the bed has been packed, this can be an indication of

i nadequat e padRkpeige embediEenisgthe ‘bladder is relatively easy to maintain. It can be

checked every few months, and by having a pressure gauge on both the influent waste
water and the bladder, for example internal to the bladder, a user will be able to

20  determine whether there is a leak in the system or whether it is desirable to pump in
any more air or fluid into the bladder. Use of the bladder reduces or eliminates the
need to open up the column and refill with media as a result of media loss.

Because the bladder is flexible, it can conform to the shape of the media bed
when it is inflated, self adjusting to any irregularities. In some embodiments the

25  bladder or bladders continue to conform to the shape of the media bed and fill up any
gaps which are left behind by the loss of the media.

The bladder of the present invention is also useful in showing whether or not
the media is correctly packed to the desired density. For example, if it is possible to
pump in additional air or fluid below a certain pressure into the bladder immediately

30 after the bed has been packed, this can be an indication of inadequate packing of the
bed.
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A radial flow colum 100 including a bladder 9 as descri bed above is
illustrated in FIG 3. The radial flow colum 100 includes an upper
fluid inlet 110, and a lower fluid inlet 120 in fluid comuni cation
with a centrally located |lunmen. The radial flow colum al so includes
two filtered fluid outlets 130. A close-up of the 5Supper end of the
radial flow colum 100 of FIG 3 is illustrated in FIG 4 wherein air
conduits 10 faqr_i,nt poducin 4. 1nto t | adder 9 .are.nore clearly
veible o Mol BOREBM B et et i esuBh e R T 0T
addi ti ondlushhedaeFRG. 3rebhelaadipl f®e dolamna)ahdledsdah eppaclid aiet 101
exanpl e, proximate the center or the bottomof the annular flow

col uim mebd & loyey flubiniet 4 dgin Byid sampmication wWitharealal plosated imerent

mat eri al i Ji i i t g t he
b adder STP L SiRAorty ERRHRG:: By Wikl chiq ARADIR) ' CERE Bl
exanpb e, uppgpend odtheafdial fonpslotnndid0 of 6IG reisailustrateddn FIGT 4 aherein aiedi a
may contain, a ss of resilient material, for ex | e, .f oam rubber.
Upon add PRRs 4P Tor initpducingpirtn e blrdiped %rSﬁ’iPéFPﬁg’ﬁY Visitle resilient
material COMPrLESHESeilimdts BUIdcPo [RIRE oPRokdiRidiidral SRR JRE) &
whi ch reduces or e ?m n:ﬂlesst e ilt‘(?ilfe?’i hc())odoo?mt he 1Eor mat 1 on Sd
channel sbe¢ placérbatrapdiltarndted otadionf for exawaplpl peoxitnagsthe tenterdirdhd baitnm b
medi a beg.& I n otger enbodi nﬁ}sdany system whi ch can provide a

cont rol | 8if FGHAF 8EiVEMLIET?0fi%t he nedia bed may be used to conpact
or ang/ or pregsigrhd@nbdiBmeRE] Acddffedsblé REUCR hiteriAlhspbd @RIeE
channel s. 20For exanple, in an alternative enbodi nent, shown in FIG
5, a ser Feguaitionagill, peag dnalisitesiad tq the bladdemrblogrowde p sgmprnasive Jorce
scrubbin I nt.s. .an ili.zed t ub the inner. surface-pf .the
soreen aip SEi et B Henle PR dl H a8 U AEF bl
there i sm¥animay @%aih B néask athiesillichitl roavetdl] fomexarhple, foamtrubid Wpbas a
tendency to congregate around and clog the 0O-rings (not shown) which
are usedafdtioneklliratippmedinite e comprrtaieat ge reflieniapteal copgresses and
al't efnal Ly & SARAR ohithd Alivgbn MIAIPLRSE Maub QG Uih AL USES iRafifBl o B | Y
bi ased piston equi pped wth a scrubber 14 to clean the materi al
from t hefeomdenofcidnhes oothp actlid he tsuivf ecepié, ldBefledia Tia tbematiber

conpri se ortion whjch is configured to dislodge ia fromthe
wal s of g?ﬂﬁﬁl&hﬁé&@%@%ﬁ%ﬁm g ayae AcRERF AREFSS¥ich
that it enpd&chs thdiga Y& gy% used tb B&n?é‘di BEAAS: PriQuiRkdHhe SlediPdRIS0! Nt O

and out fromthe media bed conpartnen Some erbodi nents of a
scr ubber rdducaibe domzation ofichanntlse present invention enploy a series of

sequential wi pers or,scra s 15, 1 17, . each on ving.a smaller
o e it B! Gabinis ¥ 8Pl stpocitlone SRV PEIG 3 a i ot TR
exanpl e, reRiHeQWe biaB&t (¥ dxampld slblgfg-l-ba(ﬂﬂﬂ') eéraBbiap eRmthntshiré hglifdneen

wal I s, the next w per 16 has a 0.5 mm cl earance and the upper nost

wi per 17s%il thednegr suifagecd the seagenjand fhpadiibemsdiato gidpureddpnsity.

subst ant i-g| .l t. r. t il e

cor cens. Tehn eSS heRTb R ohdlal A DAGy e doiieais
limted tepdsicpes solayiatgarbiesand dog theyO-piagd (noustawn) védcloare @sed to
Furthernore, in sone enbodi nents nopre or fewer th three w pers my
be pPeseffal b5 ERBUSEFIGIE thedeviesy The aHpmnativg spacgier et s, the

Scr ubbet igtdnk IS fosAithity Bialéd i Bn WsRGhipp&IMith B sEuBBEr RITBRALIHERY S
t he scrubber 14 i1 ncludes 4 or
material from the screen and to compact the surface of the bed. The scrubber
comprises a portion which is configured to dislodge media from the walls of the
screen. This portion may be shaped in any manner such that it contacts the walls of
30  the screen as the plunger moves into and out from the media bed compartment. Some

embodiments of a scrubber in accordance with the present invention employ a series
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10nore wi pers. In sonme enbodi ments, the scrubber 14 is
downwardly biased by a spring 18. The scrubber may nove downward
under the action of the spring upon | oss of nedia fromthe colum, or
upward upon swelling of the media. As the scrubber 14 noves downward
t hrough the area between the screens 2, 3, it dislodges particles,
for 15exanpl e, nedia, adhered to the screen and pushes t he particles
downwar d, - The ubber S artrc e

then med?redediEl MERTS ¢ %grsgf?d él na%’ﬁ%{y‘ hevias ¢tmalle “?V%]%““e il

scrubbi ngespdet EME sti®en t‘haﬁ e etiond Wipef. hIGmSeScéﬁ@IbS a ldvemesrvipsfes hast
particles will be pushed down. FIG 6 shows this arrangement in nore
detail. Eman cleagpewith the grgenyvalsnhe sedadpectatinse:0.5 Wi elsaiaped Wdes

essenti al dﬁ;p?g@lo@%ﬁ;e?@? REAREL e hiRITE tis 'ﬁie(%%:%rrhbh b&A7SAbRadi ?a'

fl ow col an annul ar “scru I sposed above a ne
bed. 3n ot éxactleahddinneottse prafitedyasad byehajercr@ddr Embodimenescifaing soeseniay
be used to downwardly bias the scrubber 14. For exanple, .the scrubber

14 may bEVERUREC AN ET Bried S iRRes hay g et O By ReEEnoi d, or
gravit at jgfahdey, bﬁrtﬁeﬂ’iﬁ)hg B sRhAGRBb BfeRs Tndik BF Bl el thatihnel whifl&s may

scrubber 14 is nounted 5The use of a scrubber 14 as descri bed above
has provbdpmeemyosahq sfubbeoid Forerqausnl’fﬁ mysoreel embodimiehts, thi deubledr|ld or

et e ey Y AR W, B T e Bt B R Th AN L op

i's ge@erﬁﬂokewag apped on the side walls of the screens 2, 3,
enbodi ments of the present invention renove those parti cI es and w |

prol ong the | Infsomsfembpsiments,iggssaribben b4 dedpvaavardybiasedby 2 springu §.1
Ol oed by ot Gl HafhudB doWivlskd ey BRA0 ST ATPRL AT

of the pfiesant codlBm@Nb: LQjWardi bpdrﬁswaincg stthesrdiaa mb@dutﬁm 1#inkdvieRg a
radial flow colum with small mnedja particles. Jt will be appreciated

that anyd@vmvastrongyihs a&%%@ﬂ@é@fﬂmﬁnﬁ Re3+ihdislodees Rafsiden. édms of t he
present éﬁr%e\ﬁﬁﬁé 28 ?g*es 99&%&‘&&%@%%& ﬂ%ﬂbl@s BAAW S Shef OF

exanpl e part avr ng an-average di aneter In the range of
f r om abosttrutiter ﬂmpumeatimdhrgﬁﬂlﬁhrpdesad@rcﬁpabhm mfﬂdmmeiimirpagm}mt #mcbet ter

ki netics._.t mlar c ms . cont |n|n lar medi.a parti due
Kot or > asalithe b e iy o P Piaieliniing i SR Gor e I sBtens, fiecvery
Mat eri al anmre%hpdlﬁaremrme@@shed Jo el am: Tﬁ%bﬁr% HES aﬁargebendhflﬁae 'db&ult 0

handle if they are not carefully packed. The packing pressure of the
rredr a i sFiGyahpane tightiy compreswsd selubberewhich ihelsdas esysofalihesinglgi a used

e inten umm,. .Eor e% nay. _be desjrabl e
R RIE L S R R R R B R
medi a to14 g dhﬁ@vamhedrta bad. Infthdrhentoaim@itd, aic@btivI@aaitenkin a
nedi a bed vvrth smal | er nmedia, which may be ogerated at a h%%her

pressur ernarfeplwanababer&ﬂiredowmrélmw WP serupbgrdér Freemamploen medi a
with | ow pgy b@?ruagtgg ggel%\%li @ﬁ&%ﬂgﬁgﬁ'}r{eﬁﬂﬁsﬂﬁe pr;}aggakn&hoow

15col ums 1 n accor resent 1nvention,
t he packgmgitationally by a weight placed atop a piston on which the scrubber 14 is mounted.

25 The use of a scrubber 14 as described above has proved very satisfactory for
pushing media on the side walls or the screen 2, 3 back to the media bed, providing a
constant bed packing density. Since most of the dislodged media in the head space is
generally trapped on the side walls of the screens 2, 3, embodiments of the present
invention remove those particles and will prolong the life of the O-rings in the device.

30  Further, it will prevent the apertures in the frit or screen from being permanently

closed by blockage with the loose media.
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density can be carefully controlled and full packing can be achi eved
even at about 1 psig to about 2 psig packing pressure. In sone
enbodi nents, the radial flow colum is packed with nedia with a
packi ng pressure of between about 1 psig and about 3 psig. Any

sui tabl e pressure can be used. For exanple, the packing pressure nay
be 20l ess than 25 psig, or it may be in excess of 25 psig.

sonme enbodi ne i e
vodi a bed undgy Pigtis? ErBRGHARAERRMER a6l GAER dlokiet sG] T
pr essur efor filling a fanheﬁ dloer b witnhm]l thdiea ﬁiﬁdt:las oft wiltbe apseciated that

supplenented h ne or filteri aids. Filtering aid nmaterials
may reduf® % % Andie %Sﬁfilm%la F%{f fﬂgﬁw ealumpg,of the REFSF8ANYREPRased
filtration f'@\é’hﬁﬁ{sec% Wk WP PR e 1@%&5 garg;fes'g ald
material (s) may |nclu e er s a 1ome ensity or a

great®er hauihg e evesageehatdmer mhbe niage af frﬁrn\mbbntma jnayo asomt 20@ A ark n
ot her enbodj nents, the filtering aid naterlalél) may have partlcle
si zes ab&mEbEqigPeraEngWIth balterdingtics hapsunilagolming cRAaEANg keger Aiedia

added. The,idiskihd Quf"drgﬂarﬂ le Pak tld1gé1%u§fh%eear9 bt {Ehefnlxédtﬁ?% | 96@' ﬁaf@?l%%r iaal

may be 30greater of less than a distribution of particle size o
medi a t owwthilokh petmeabﬂﬁyﬂwdactﬁﬁﬁcﬁ cdrt ter diffgeultitd hamdl e tfithdysarerayt be

regul arl ed .or l.arly sha articular type of
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earth material at ratios (by weight) of up to about 1: dia'to

di at omackodesirebletihusd ahighdrgacking prissiwe far smaler media (bha@ifyr h&eg ntepliaof

media to, filterj bg as..hi as bout 2:.1.0 or as
5 ow s S3StRCEIE Ty I ne orR ek S BSndth B wéaid ol R g e o e
drop acr@ggial Which athydle dpbRYedCR lahighee presfife amipl tRMLAsiWilahAlia bed with
sacrificing filtration performance or disrupting the flow kinetics

t hrough kerer sndiamVhenonedip sgtulow reropabilily chargotansticg dovssd e msediflam y
I n pumped, éﬁﬁﬁ% &%coﬁ%uﬁb%%# edlﬁodﬂ?{ﬁﬁ%?ﬁ{ %es%fl{ ]f"]&érﬁf&‘l %h% 8885 te a

filtration co ower BT dr op.

10D at ondamsity Sarelﬁ?a’ tansfullpochtiotlepand fidlipakinglvan e ﬁblﬁeihdéﬂveﬂﬁmus 1
earths, are uzﬁq fs filtering aid materials in sone enbodi nents due

to thei rPS®fGA00VEY Psig paFkingiesspre. In some gbodpentintheradial gowze
vi a nanofeahnal ey media witphRk gﬂ?eggelwfﬁob eh%‘ﬁmtl SI%aﬂdda%% §3J<>h as

i ron hydroxide, titanium dioxl or alum na sing results
in the rm@v&hyetﬁltabiealressambaulbbmaect r Hoeedagpdd, theymcmgipcesame noaygani ¢

15cont a ram a.contam nated f such as water. However,
Lhoo e 2 b G R B e g 2 i o Tt o st i d ool s
since they woml dn@diitdidimehtd) I HRERSTHESuRT ORIV b3 $3RE @b Sebdia
channeling. The exact nature of the pressure drop depends upon the

type of badtunders Brewlnefhatmwﬂiqrmt cpredetprmimest d@xadwpteésuw or smal |
e o I R B kB DS R
medi a Wi filkerfng ddve IFijpaig ailgnﬁwﬂﬁlstIyay red@ce the density of the media bed,

25  providing for increased filtration flow rates with lower pressure drops. The filtering
aid material(s) may include materials with a lower density and/or a greater particle
size than the media to which they are added. In other embodiments, the filtering aid
material(s) may have particle sizes about equal to or smaller than the media to which
they are added. The distribution of particle size of a filtering aid material may be

30  greater or less than a distribution of particle size of a media to which it is added. The

filtering aid materials may be regularly shaped or irregularly shaped. One particular
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shape of the nedia may also be a factor in determ ning a pressure
drop needed to achieve a desired filtration flow rate. For exanpl e,
irregularly shaped nedia nmay be | ess easily packed into a high
packi ng density nedia bed than regularly shaped nmedia. Thus, a nedia
bed containing irregularly shaped nedia nay exhibit a | ower pressure
25drop for a given filtration flowrate than a nedi a bed containing
regul ar | t mal
rodi o palPt o DAl & formpd ol lASREER: LAMNLAINE] IERARR, § 0o
pm or | efiBjativh t-dedfal ﬂm;ebe mg)pmntbntmt\mh atintouehodsatth abaerid abtasioe@iyt h

rati os %gé of for exanple, 1:1 media to filtering aid
30nater.\é(n nfap ?‘?fé‘té1|@W1%F%@§@F@C%§a%th’&}befé‘6‘%’ﬂw $: 48 t he
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wi de range © rent yS|c properties
ex arrpﬁl e, lopaastaboliel :8 oz oveand [rcsopnst ahlbudnnelyty, antere love presduee ilopradends thiet h

the diato ous earth to ovi overal.l a be vmthafalrly
| ow densiiby TR coRRTL roth Fehiey i i v e g o POSRTIES ol t he
nedi a. T@stub ﬂﬂ%ﬁﬂ vt BReS&ah@ubR Heabldh®W G btk BrAc Gy dance with
an enbodi nent Sof the present Invention has been carried out and the

resul ts adventapeausst ¢spewally im pRn@ed 9ystems, tshics itds mdye ensrseflicentiioops
var sf|L on flowrates,in a filtration colum

d
o e Rapsel® 8 Rl Pl Wi adbOR et e By Sstyeldkil . °or %0

Jimiglo p. m PRSHARDE @thy &b iPpaHsUEE bileRis diRsmesnaneirtg, 4ré used
various filtration flow rates in an identical filtration col um usi ng

a 1:1 nisefiltesingisid metegakjin samegrbadiagats dae uheir rglatiyedy by density.| t er

medi a, a diat g@ﬁ EPﬁ

m xture (by we R %g&lﬁ‘?%%égbrg@@%‘%l&?%ﬂ“&‘dl %§§ IQB W? ’t e? g%aé%(fluéteat a
packi ng meﬁss;uds suth 25irps hedrpxide, adaﬁmmhhmeda o8 higaiiha)Ghow | pyorh Bisgr
pressure drop than t he sa packi ng pressure for a given

|
filtratifsl ?SIIBWerrSP’@VSE%é%Cg?a ‘f)lfrﬁéraFﬁEEEBRm@é 2R OpF8sure to 2
pSi g5 t h&n%w&n%ﬁﬁom@&d?ﬁﬁrﬁﬁﬁ%d :ﬂ%ﬁi Qﬁ&rﬂst\@atél‘ |Hcﬁ§ev€?%é§e L 2L

all cases gave a | ower pressure drop. 0’shows that while
t he nedimatetiglndathonbe hadkied irtp Lstaadard gobmdls shmnﬁztyawmé@l exablit pheghsur e

drop, its effi re Sld ner cu m wat er .was not

conpr o eturedRd Y estar e e et Pifele ! RERSPEF ° por

showed r@pesdsfpolBESHYHY of RARYIals phblééd iWRItBe EATRAr &bt Sxamplé (65Rhal one.
The rate of nefcury renoval 20with QSR alone was fairly é)ressure

i ndependapdia with a higihgerkingérsitagdeghes peassire giswdnaebe seceged thebtginasent
' “Vei(;)lt :,ilod'éfs%’cﬂ}?fnla?%n ABRA \%{;HE%%?ﬂ IE h%dgfv\xgc}xerlbwfl%er 'cﬂﬁg‘ﬁaﬁéiﬁ water in

ara OWCO unnln erwas oman I nner
pi pe or dhupesf the nidiaodbeilsaba b fatsorhiy dprRasiniig 4 fregughdrbpeeqrdked

medi a. -I;trg:ﬁiegeegidgsiie%rﬁr?tsrat?onpﬁé\g lfla?te.rr%grr éx);n;[prl]er, (i)rlflgg?ﬂa\ﬁg S%Qpédhneledcig Iﬁ;[agrgenat ed
less easily packed into a high packing density media bed than regularly shaped media.
Thus, a media bed containing irregularly shaped media may exhibit a lower pressure
25  drop for a given filtration flow rate than a media bed containing regularly shaped
media.
It has been found that blending small media particles (for example, with an
average diameter of about 100 pm or less) with filtering aid materials such as
diatomaceous earth at ratios (by weight) of, for example, 1:1 media to filtering aid

30 material can provide a low pressure drop without compromising the kinetic

performance of the filtration media. This enables the use of a wide range of media
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25water flows while the contam nants are extracted. Furt her
aspects and enbodi nents of the present invention include a nethod of
determ ning di nensions of a radial flow colum in which the waste
water flows froman inner pipe or lumen to an outer annulus by
passi ng through the packed nedia which exhibit high filtration
performance. Filtration performance is related to the 30radi al

vel ocity

i's depen E;1t(%@:%11%h’lgeﬂ ngl[}%#%{ QSU(%% %{E@pf@eﬂﬁrg‘%ﬁz{e %E ?P{) &Im%’y c has
been fouwrah beislefddd with théelrmttmﬁyaengs edrihtte Iprcmdm:nrcdwm:ahmhahmed npthay e
colum p rforna ce.is t I n, desi gnj dial flowcolum it is
st 1 ab] g o3 APBL B PP AT ARG ShomhivhEHaRepHs o Sermidiat | on
performance cqgff rLngneﬂfabIca(zé BRidl &bl Lofimpit @{] %@é@ﬁﬁ&y ﬁlﬁl&ﬁglgﬂtthe

nedi a bed to the Kinetic rate constant o |a|nt
bed) , 5 5def ihegulesast inF2idn ihts ueenmmma( mitlﬁp)résluﬁs R2/iRhstravetkin RPG FYL)

EE g: gllg Il-i% %?s %{3 pl%%ﬂ}r% /F}%/F?Rz%_' 0Rr21 ing }o various %i%trajfkon-lho%v%ge@zm 51) 2

filtration column using QSR, a small particle media having a particle diameter of 30

pm £ 10 um, was compared with pressure drops corresponding to various filtration

flow rates in an identical filtration column using a 1:1 mixture (by weight) of QSR
10 and Celpure® diatomite filter media, a diatomaceous earth material.

FIG. 9 shows that the 1:1 mixture (by weight) of QSR and Celpure® diatomite
filter media at a packing pressure of 15 psig proved to have a significantly lower
pressure drop than QSR alone at the same packing pressure for a given filtration flow
rate. Even dropping the QSR packing pressure to 2 psig, the 1:1 QSR : Celpure®

15 diatomite filter media mixture in all cases gave a lower pressure drop.

FIG. 10 shows that while the media blended with the filtering aid showed a
reduced pressure drop, its efficacy at removing residual mercury from water was not
compromised. QSR with Celpure® diatomite filter media at 15 psig showed rates of
mercury removal that were comparable with QSR alone. The rate of mercury removal

20  with QSR alone was fairly pressure independent.

Additional aspects and embodiments of the present invention comprise
apparatus and methods of filtering waste water in a radial flow column in which the
waste water flows from an inner pipe or lumen to an outer annulus by passing through
the packed media. The media forms a porous matrix through which the contaminated

25  water flows while the contaminants are extracted.

Further aspects and embodiments of the present invention include a method of
determining dimensions of a radial flow column in which the waste water flows from
an inner pipe or lJumen to an outer annulus by passing through the packed media
which exhibit high filtration performance. Filtration performance is related to the

30  radial velocity of water flowing through the media bed. This flow velocity is

dependant on the column dimensions. A rule of thumb rule which has been found
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2k 2R1 1+ (R2-Rl1) \Where F = Total flowrate k = Kinetic

(adsorption) rate constant 25RI = Radius of |ocation of inner surface
of nmedia bed (cm R2= Radius of l|ocation of outer surface of nedia
bed (cm The above equati ons suggest that for a constant enpty

bed contact tine (EBCT, the total bed volune divided by the flow
rate), the filtration performance is 30not in any way affected by

col um1 h t. I t C the
ut or gt in HBARAEE e TR REl ok R AR

about thﬂ&gmfg)a rmmhecolunm it is des1rab1EQdi aﬁn@@laut‘m/ waldelfoRiheof 10 Cm
and R2 of 20 ¢ t he di nensionl ess 35performance coefficient, T is

1. 04/ k. dimensionjesy filirafign perfermenee eardlicaniel’ (the BtodaverageIGiedy, but
where Rl e
const ant 10y GELRAR 8 Gl Xn ol Endhil R RAREER BEHATRIGS
the f§rstefomduwn is about 20% greater than the second colum, even

t hough the bed thickness is the sane. 5The above equation suggests a
t hi nner nedi a bed woul d perform better than a

F/27RH F/2aRH(R,-R,)/In(Ro/R))
Yo — =
k(R2-Ry) k(R2-R1)
10
W(Rgz-Rlz)ln(Rz/Rl)H (R2+R|)IH(R2/R1)
T =
15 k(R>-R;)2 n(Rz-R1)H (R2-Ri)2k
In (Rz/Rl) 2R|
Yo — | I+ —
20 2k (R2-Ry)
Where
F = Total flow rate
k = Kinetic (adsorption) rate constant
25 R, = Radius of location of inner surface of media bed (cm)

R, = Radius of location of outer surface of media bed (cm)

The above equations suggest that for a constant empty bed contact time
(EBCT, the total bed volume divided by the flow rate), the filtration performance is
30  notin any way affected by column height. However, for enhanced filtration
performance, Ro, the outer radius, divided by R,, the inner radius, should be less than
about three.
For example:
For a column with Ry of 10 cm and R, of 20 cm, the dimensionless

35  performance coefficient ¥ is 1.04/k.
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t hi cker nedia bed. There are practical considerations regardi ng how
thin a nmedia bed may be desired. For exanple, as a nedia bed becones
thinner, the flowrate of waste water to be treated through the nedia
bed woul d desirably decrease to obtain a desired contact time of the
wat er being treated with the nedia so that a desired anmount of 10
contam nants are renoved. To nmaintain a given filtration flowrate, a

col umm hei ght @rfe a tdimh kalé'hrtﬁé LA FOL (")I‘Sgd‘t‘l%{n‘ésé BG SRS Ra%g%ﬁq AFRdE A
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ed

control |l ed by the me I ckness. The thicker the nedia bed, the
hi ghes the pr Ehsthowe dqumonangge.stscadhmaelsaedm!\bedlwnukdrmfoun beterdhai zed

nmedi a are.ysed r.e nmedia with an aver i.cle ter
T o e el ed o SR s P ho TS Dag St T tif & el orms
even nor &a%;ﬁ@@één%ﬂt FoP@GMHIE ok E%&Yﬁée@'ﬂec&ﬁ@@ﬂhﬁﬁﬁplthé Hyw @dte DEGAstEEd] @
is inherently low In practlcal terns, this means that only a fairly

smal | bewateht%bmé@@ddmuﬁb thesmedipbedhwaildrdssirahly destenss forehiairadiesired
Thus, qqﬁéct ﬁm'é'o%qes&?aef%# béugg Izrgﬁéc{ n‘g &h e rﬁé‘cPé‘gél hkég!rfﬁ' N4 {%m[?gdt' qgf‘ Tlow

col um cro- nano- Ia, a ve

r equig edcontaminants hie rbmavéueem thafgaN 8 lpBan til@itidayflaie ka1 aldoBinM hélplite
addi tional caoncentric annul ar 25 nedi a beds, a nore conpact form

factor cafthpdltstnneobmmrseuld ingreass as thepnedia bad thigkaessdgereased. Ingong 17
d FIG
i Bt ARHLE SR LA MRS RORN SRy

and an obd etaiaediwhent thehramnRL/RZﬁhbeT\h&ncbbwumeandnﬁoudb,s:ohw@o@dm@emhri C
cont ai or fits. An inner nedia bed 22 is

nmedi a beds 30 ree
| ocat ed %éﬁ@@@ﬁePﬁ mﬁd éﬁ%? Ei&ﬁld annul ar channel 19. An outer
medi g 21 bed !n%xks@iﬁ@&ﬁﬂal%‘@(ﬁﬂmh@%%I@ssﬁ%ﬁ%crosszﬂle mediANEl 19

and the outer annul ar channel Inlet water enters the device and
passes i mnteradalbflcynnrmﬁ&d hytthe medladzmmlinakne@h aReethicker th?hneedmlteeir thehe n

splits pagses in bot h t.he i nmedia bed 22 g ter
ood o1, HEhBTReERa GroB A iRy Bl S F o rE iR it S hn
the | Umﬁo@xaﬁ@les G1¥R 050 §th E%?&g% atti@e iRheln &S s &M @fof HB% deﬁﬁB’O éﬂ‘ad' a

bed 22 and outer nedia bed 21 are bal anced such t in operation
wat er paesabngt 250 oy this tseud rremesredinandre dmpartars, Hacmasbealmb suehsl ant ially

he. ity oRRBEQUEr ol SorPddt THEAPY 86 DOt Rambiiis Fomsha B0 21

may be dz??a%‘i}%ﬂﬁﬂbé&hf?ﬂcﬁé’ds@ﬁn B@ﬁsefdlwwmidrewrﬁh@%mtea LRGN 18RE Mo Of the
inner and outer media beds that woul d yield equival ent 10contact tine

of the wetehigh spetifig filthatmaglapeaiytisiwigtaradinkflow dohingowithinmend- othemei n.

sized media, a very tall unit may be required
It has been discovered that by using one or more additional concentric annular
25  media beds, a more compact form factor can be achieved for a given filtration
capacity.

FIG. 11 and FIG. 12 show a device in which three fluid passageways are
available for water flow, namely a lumen 5, a mid annular channel 19, and an outer
annular channel 20. The device includes two concentric media beds, contained by

30  screens or frits. An inner media bed 22 is located between the lumen 5 and the mid

annular channel 19. An outer media 21 bed is located between the mid annular
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Additionally or alternatively, a packing density or a filtration aid
to nedia ratio in the nedia beds 21, 22, may be selected to yield
equi val ent contact tinme of the water flow ng through each with the
medi a contai ned therein. Each nedia bed 21, 22 exhibits its own
pressure drop. Such a configuration 15 can provide a simlar
filtration capacity in a shorter unit that would be provided in a
taller up j i I , onput.ati onal
Fruid dyped Bl ShEPuBEPERBarsh, RS WRIE R R CaBREPHET,

t hi cknesitidllyZ0 thenmdd anrmldirehgliicl 09, BBOwater thea kplite dndipasdesvasi mt er
treatnment rate of 80 |iters per minute (1 bed vaolune per m nute)
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wast ewat er treatnent rate would give a concomtant ease In
pr essur emediadéd @8iand buter tiediatved §htarateldrded eadh that in nperethaewntear | y

threefold, from380 mMto 110 .to achieve t sa bed vol une and
ther of or BASERE TRRE TR Regds satoq A nEA Dy ey fgyates

confi gur ﬁés@si‘ﬁ st S tHe Quted RRORI tied 22WFof BRERAE thé thlQRe M oPkBiGe, beds,
the height of the flow colum can be nmaintained Iow, for exanple, 460

mm  whi | mediahed 28 uné thgraper pfiedobegdsd] nmay b detapphéedw rovide Firdlned flow
sanme wast er treatnent. rate  as, above. | n, angt.her. enbodi nent ,
2 e o B hopeb SE% of T inhdh i SFeS aR0E b ety P DN SRR e

| ayers, eaedet Whiclbfahdhwhibefl@Ring RoapI0EachBAtRhE dRddad dvathifdaah gl Such
30 layered nedi a beds provide for the use of different types of

medi a, foddisivadhl @ alismebusly. mrsgkingdessiprmd floptiomhad temsdialraidd in the

diff : ' edi : I f
axi a1y TSERESs 2L 7o B rd o 16 0T Eq VR B, /08 oPBTRLE 0 0
of an anflewig thivdpka cdvhdvidhihe mddtycdpeaingiatersid h any of the enbodi nents

of radial flow %(r)i%urms descri bed herein. The axially_ |ayered nedia
bed of FIG 1Bashaetigbed 21,42 5abidit 5 owe Pressue i Hehia£ostigwation and

the put el Mrtide § SIAER filttation ¢ ac%it?til‘?ﬁgﬁ(ﬁ%&hﬁitm%uﬁ%@ﬁﬂvﬁég ifla t he

nmedi a bed 4, which 1s substant y parallel to the screens and 3.
The i nt etalfedint levimeti singde media 188. Fow exbagplé, recomguiiaioba dlvd dydamitso

ti , ti 4 d ti 4B. .. ..The, i 4A d 4B
ooy b (GHED AR ShOVT RO Ay e aicdia bed gyt @ BTN Ssatoll Mg gad gy
sect i onshédht of BaOBn BEerhiell h@f\év\gé%myh?tﬁp&éa@emafehﬁrsg Piddrs P&y rhﬁmfé;@ ot her

10 of sections 4A, 4B is fill an ion-exchange resin. _
anot her ketwdimener, mighie) ethibitea gesturodrop A 1472 sirfaya pieef nli¢rednsdia.h a

medi g s iall for .r val of..a first. cqntam nan ar

exand) o Dfeine R BB ARkkRB b AR Ui it pfeing BB AP eypl e

sect i onsiréhfmertBatesvduld kied awbidbnataiedécresp Gt pabduye @EAYPE Guf e hepmpval

of a second contam nant, for exanple, per from contam nated water.
I

This enbbeifered Ronsrgasesay RN et mino 4§ QQun, éhachigvsitbe t her e
Cont am e b C 0t h of the
cont am nant s. Using a split flow configuration, with for example, two concentric 100 mm
25 thick beds, the height of the flow column can be maintained low, for example, 460
mm, while a pressure drop of 26 psi may be applied to achieve the same wastewater
treatment rate as above.
In another embodiment, a media bed for use in a radial flow column may
include multiple layers, each with a different form of media contained therein. Such
30 layered media beds provide for the use of different types of media, for example,

sorbent media designed for the removal of different types of metals, in the same
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In a further enbodi nent, media in both of sections 4A and 4B nay be
used for renoving the same contam nant, for exanple nmercury, froma
fluid stream for 20exanple, nercury contam nated water. The first
media that the fluid being treated passes through (for exanple, nedia
in the bed section 4B when the radial flow colum is operated in
inside-out filtration node) can be a relatively inexpensive nedia

dt h
par t sper e el RS AIE 1R AP ERRI bR L OB 1 RO TSR T
second nadesasectiat oﬁdm&maﬁlfaf miedialbed mghith may belugpdseigsaryhofabgh (f or
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speci al | %{ r%ﬁ%ﬁﬂ? Gb1dRs) 19%’&1%01& ‘Et?th%%e?ﬁléaﬁa@créeﬁ‘é%d%e Sl rHecHh &1?&1 “9
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cost .30 of
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subst ant & dettigigUadtiof 1 AL ectys 48es, and in other enbodi ments have
different volumes. The vol unes of the sections 4A, 4B nay be sel ected

dependi ng on Thetvwossetonsf+ el 4B mayhe filled avithrdiffeteat typpseef mogdia. For
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i1 1 ust r apesdctishsHIAGABLS fivled @ithanhén- Bﬁ@ﬁnﬁ@ﬂesiﬁh&n ﬁﬁfﬁd&kﬂh@ﬁnﬁ)@ft Jone
mer cury and arsenic fromwastewater using nmercury renoval resin and
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coul d be™4 Brffj the media bed of FIG 13 to provide a |ayered nedia

bed with 3, 4y OfirtHE nboAUBERIMEEE ik B&H of sections 4.8 aHOTB RAXPELHSIR T6:S ,
the different |ayers of nedi a may be provided without an internediate

medi a scieBening the sAnprycoantrapmanth ior gkgmple arprcyrsyiees adluideisiam, dely have an
abrupt i OLEl S AGRQE] WaEGA AR Wter. TheFhiiGhe ATBRHTERE S beillFhctBYE AN

interface
passes through (for example, media in the bed section 4B when the radial flow

column is operated in inside-out filtration mode) can be a relatively inexpensive
media used to bring the contaminant concentration down from, for example, a parts-
per-million (ppm) level to a parts-per-billion (ppb) level. The second media that the
25  fluid being treated passes through (for example, media in the bed section 4A when the
radial flow column is operated in inside-out filtration mode) can be more expensive
media specially adapted to reduce the contaminant level of the fluid being treated
from, for example, a ppb level to a parts-per-trillion (ppt) level. This combination
would reduce the amount of the more expensive media used, and thus the overall cost

30  of the media in the media bed.
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20 between nedia |layers that exhibits intermxing. In sone

enbodi nents, a conposition of a nedia bed may vary snmoothly from one
side of the bed to the other with one side of the nedia bed having
media primarily of a first conposition, and another side of the nedia
bed having nedia primarily of a different conposition. In further
enbodi ments, nultiple types of nmedia may be m xed together at a
substantially 1 X4 i i

Ved: a bede | 1200y gieadhs Sy Biolie ldaiuRy Bl ABGAIRILA0RS, o,
al t er nat kyedl yolaenek aandrig dthepembBatitahts havenrdifiareénheclomeroThéd valomes of he
medi a bed varyin |l ong a length of the flow colum. The horizontal

| ayers S@&tmqﬁ%ﬁ, 4Bt bs selectadglependingoh Bsdvnes pémedis tahs et andoy

interf ac%f}ﬁfgésgﬁf%ﬁ%ﬁ%? sg‘ﬁﬁ%ﬁrédﬂ?ﬁ of %ﬁaﬁﬁ%ﬁeﬁ%vﬂ%ﬁi@%ﬁoﬁm ude

medi a scree g orizon ayers. In sone e iments, a
t hi ckhes sxanfiple,lifa nalial dlolsecblway vhieg adjyesdidadediabatowhns ihotratei én FIG.

differen erneabilities of th .fferent media in the different
ayer s B3R ised oF T femodl G gl G TR SOTS TP R |

| over pe{l;ﬂ'ﬁ?ﬁie}dutr)\’ rdnt@a] RsHOMARFenWaERbyAl Qedhe ahdl 8RL B&tdW A contained
preferentially flow through the second |ayer of nedia rather than the

first. Toworgwgssnathaegeenic, anif dpprasurpatredyingpsal utdized aperafed wather t o
pass through 5both the.first. and second.l| ayers,,the.layer with the
Gr ot e SEPREBBEIRDLBERERE BRaTT ot i P ebts Y e ratophan
the L@yebfiebbd hbldidgahe meRRkyRaiidd dsin Bieitdekhn the éios Sf dledieg a
radial flow colum may also be varied to account for pressure

di f f er enholding thearserdc Tepyvabsesivp | 1B addgiian the/ pore o gieslo pipey efipach screens
subst ant ha{ | i I h of

t he col uhasl.’ a%%é%#{?%de%t%geé%%? 8‘512%5%?1 g%tgd gﬁ%@h?ﬁ‘ ggatdgﬁeggzgt% Ee

bl adder fiediarto bhendodsedbibdte chohpdaarniskiefinablowheaaittanhie provi ded for

each section of _a |ayered nedia bed. Each ction of the di a bed
coul d 1 ndi vi U Frepl ST oS DS GRAR PG 6B BT T ng
density BRPLORL! é’:@a‘?nr#l@a&d?ﬁoﬁal' nﬁmﬂ{ea{z%éﬂgc@eleh@ c&ﬂll?bé §8ddaap ﬁhepmg&iﬁ baer

benefit arising fromthe use of radial flow colums wth nmedi a beds
15mai nt abNElE. 48 tapryidstalayerpduiediagedavith 1, , bsmotedtydrbdsectians. be used

e ot ot e B R R R A b L RS PpTRa
be operated i e T i OH, X t he
present hnnednic@RtcAidiR Scre@ediofddth themt IThaldifferedtilaers ofhbdia hid§ Havigrens

vertical), horizontally, or at any angle in between w thout any
anomal ouan @frfpidnierigee patwesn Beamdirsnrithayembadimantss o1 hevibaintefce, when

200pgg at £, BON G 1R b ot BTh @ikl R 15 QbiHT B BB eR5esPE BRS¢
of a media bed may vary smoothly from one side of the bed to the other with one side
of the media bed having media primarily of a first composition, and another side of
the media bed having media primarily of a different composition. In further
embodiments, multiple types of media may be mixed together at a substantially
25  constant mixing ratio throughout the media bed.

Media beds in accordance with some embodiments may additionally or
alternatively be layered horizontally, with the composition of the media bed varying
along a length of the flow column. The horizontal layers may exhibit abrupt
interfaces from one layer to another, or interfaces with mixing of media types, and

30 may or may not include media screens dividing the horizontal layers. In some

embodiments, a thickness of the media bed may be adjusted to account for the
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pi ston 13 and scrubber 14 at one or both ends of the nedia bed of the
radi al flow col um. The use of pressure to nove the fluid

t hrough the nedia bed neans that the effect of gravity on the fl ow
pattern is negligible. The present inventors have 25nodel ed t he
pressure distribution and found that even in a vertical flow colum,
the axial pressure distribution, away fromthe lunmens, is equal in

Il di ' o - f Ui h
the medt SpCaT pprmeabtlos ob 88 BT ERT OOV ARE Rl ExfIgHe
versat i | htflystiayebef sedihddd upighificasiyriveret baimdadiity fan acxany] watedtocbe

approach to scale up, capacity is to provide a nupber. of filtration
30col urmiegt %&%PF@P@@@ ry Breush; EﬁSE@Pn@ kwer ol pedip raler dean i s

pl ays a erhE i i (W t he
Py 2l T To il R SRR A ARR LAY Bl Bmo ko MARATD bt ol | 12
ar r anjjedboth the fist axbsecand layérethatayenwitin el greater fevomeability @buldtbacked

configuration.rather than.several vertical | i nder type,.

Sonf i gur BRVBIRS WHh areRisInic R e lavar Buh e lapst perimeciafit: ke bed
embodi MefHici@bsstdlehd MBI HOW dofunSDRWR alsh bENGied th ac¥B fore&s@te 2
Srelatively tall columm is unavoidable, there is the possibility that

a probl eddicrantipisalys iy, dongxadipba grayiy, tarceanplishtshbstintialy eqredflost  of t he

| umen. Thi s pr.essurne .qradi e ould.r,esult in different fl ow

vel oci t i mﬁﬁfﬁ?ﬁﬁp t%&ﬁﬁﬁggﬂ%%Péhof ‘ough™¥i fferent portions of the
medi g bed, WhFgithet Qibdssuesedettingnel st Svuch 88 gR WAdden® ot strubdel1 4
exhaustion of nedia 1 n one section of the nedi a bed before exhaustion

of medi ad¢sarihebaieypepuld be Promdediion epsh sedioa wadayered medip bed-cBackan be
addr esse RSP e - ' . d the
bottom O%CP ﬁ%gggﬁegﬁrégw%%q ggvﬁfidag%%g{?g%%%%é% 8%1%%%'1%&?? esired
t 0 i ncr epkingpalensity gpamiadte/tonhe type blinetiaiinitikgseati@onst ant bed

t hi ckness along, the length of the colum. |t is generally desired
that flow rat é%m G PEBRitATISING ff%’fhfmegﬁlaldﬂiélow RSP Psfigheds e

equals Opafkaih&Pst C%Haﬁﬁt%%mg hynsﬁ?&taﬂhat th8y Layoida sPaft g | Inftidht | NG,

| eadi ng, for exanple, to“the Situation where one of the flows has
| ess r esCdevengondlmeial AowHBtratodnnotunsamugt be opedated,in giverticgl qual ity
vari ation the treated mat%Lhnfa%ﬁhomn in FIG 14, the fhPM/cqunn

has an u llgufaﬁlf)gihof_’l_ederaﬁlﬁe Gp ¢ present invention can' be operate

vertically, (i.e., with the lumens vertical), horizontally, or at any angle in between
without any anomalous effects on the flow distribution. In some embodiments, when

20  operated non-vertically, a radial flow column may be provided with a bladder 9 or
piston 13 and scrubber 14 at one or both ends of the media bed of the radial flow
column.

The use of pressure to move the fluid through the media bed means that the
effect of gravity on the flow pattern is negligible. The present inventors have

25 modeled the pressure distribution and found that even in a vertical flow column, the
axial pressure distribution, away from the lumens, is equal in all directions.

The use of pressure to move the fluid through the media bed also provides for
radial flow columns with greater versatility to be scaled-up for commercial use. For
example, one approach to scale up capacity is to provide a number of filtration

30  columns in parallel. The orientation of the filtration columns plays a role in the

assembly configuration. The versatility of the radial flow columns of embodiments of
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| ower inlet 120, both inlets in fluid comrunication with the [unmen 5
of the flow colum. One or nore filtrate outlet channels 23 are

| ocated in the mddle of the 20col um. One or nore additional
filtrate outlets 24 may be | ocated at anot her position, for exanple,
proxi mate the bottom of the col um. Yet a further enbodi nent of
the invention is disclosed with reference to FIG 15. Conventi onal
commer ci gl : i : I nant
frura (f o ReRUERL BRI b Bl det s SR ctikhtod MhplYR RBOAT 0
out er 258taci{:ddlmnﬂgu1‘afﬂfm ratf&; tHahecwpaloertival swdert fype cortfiRfuraioneahicind
the wall of the,flu er. The contam nant streamis then passed
radi al | y VORI Pawvae EH“PHE nedi a bed 4, where the contanlnants are
removed. The {p gﬁk@%ﬁéd{h@@&ﬁ@ﬁ%@{@% siffvin MIFG! 08 e drdmen 5.
This is referred to as centri petal or outside-in flom1 It
has bgenrdatsebyviel edlubdas usaypétabbes; thn:eﬁr K oienpossibiltathabe ptdihﬂmate:d by
passi ng 30t he id thr he .col um IE a . nmanner. .counter tao.the

h
Paoal S Peetre aradiefitah d iy 8 SuE ek b B LERBR e TS Rtknge sfadidge

present taMERdsLR N aﬂ@@re@@ﬂb@mer&mesm@ambm trdd@ditRoh@bifrdd into
the | unmen space 5 defined b e inner screen 3 then passed radially

out war dl yortahnmfjhe riediarhedi \aglbbdmd e g ssomenanigeatidle wedieaandt hen

exits int er..annul us .7 awn of.f

i cat e Ereet i€ e Peipn b RGR oF ol hERa Britegile o
the pr eS&Rithér@Mﬁ[Hd mh@@edlb@ea eTrik peshléh casbé AdrelSed BYsBlith @5)3 iftet
centrifu (CF) flo Conventional 0-1 flow can resu in

uneven e ?wa@tpﬁafﬁ, %?mélaﬁﬁoar@ﬂ%&m@ttom@frtbe eolgmnesThisaaw wfsodzeégﬁcmi
primari| th % d&ﬁ?& HEreU Sy Eééb' @#y &ﬁﬁéﬁﬁ n%m]?)tﬁr t({aﬁs’cgﬁ bed 4,
S O a e

and | ower raction ace nearer unen 5. Because
t he nedi ﬁuddmdsséhlcbng thateygihwﬂtlwmﬂhma Iths gtnerdvalesiraf thaoowmateaintes ar e

t ak by 10ads t. th t
bt | et Sbothjht 08 THh et Giedoian BRdbists 25 cEishCh RS ANGR@ILp | n
the pedi 2 ReehRr-EXuIRL1dafRe! P BLaRSIBUb e é?ﬁl%ﬁ@f?@vﬁére o}ig '0? tHe%\'»\L {s in

a maldistribution of bed utilization. However, the 1- [ ow of
enmbodi nehﬂséessfre&xﬂmlcp tissenthe qvigm than tiad otbews gn‘vurg quaher mnahom nrf the

utilizat] f the filtrati a mn i ng _mal di.s n of
e 5 bR 1Eh: ASHovan T Dhithg iR en it dn SBpfiRiehh 2L

mai nt ai NRevel Hletal 2000GR Inl RS Il AELd céhﬁrﬁmcﬁﬁ@ﬁ%ﬁ th&Bintdnl 4 6@hé HBerEdl ais
used evenly, when the time comes to replace the nedia, there is no

need to evEApOneer H@é@ﬁlélratet ket plisnnels 43 efe lppated injthe atmlcﬂﬁ ofyhgi a with
r e.S' %{J: %E}Bﬁ‘c or ;I;L‘BréS a \Aﬁﬂ{}?e oﬁtﬁ?s ﬁ@lﬁ%}égﬂ% h%gt%d %{ norher pgsmon

mal n nance of e appara e recurri
oper at i Of@;abxzﬁﬁplb proximate the bottom of the column

Yet a further embodiment of the invention is disclosed with reference to FIG.
15. Conventional commercially available radial flow columns first run the
contaminant fluid (for example, water contaminated with heavy metal) into the outer
25  annulus 7, that is, the space between the outer screen and the wall of the fluid
chamber. The contaminant stream is then passed radially inwardly through the media
bed 4, where the contaminants are removed. The treated fluid is then drawn off via
the central lumen 5. This is referred to as centripetal (CP) or outside-in (O-]) flow.
It has been discovered that superior performance can be obtained by passing
30 the fluid through the column in a manner counter to the usual direction, that is, in

some aspects and embodiments of the present invention the contaminant stream may
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20The advantages of an 1-0 flow configuration for a radial flow
filtration colum over an O-1 flow configuration for a radial flow
filtration colum can be explained as foll ows: Regar dl ess of
which direction the fluid flows, it noves at different velocities
(V,) at different points in the nedia bed due to the differences in
t he avail abl e surface 25area of the nedia and the reduced cross

secti ona I

hi gher r!(?ldﬁl[i I ui %R(f hg\?v%g? %%Q%:ﬁggﬁ;?{? ﬁfthéﬂ%eé)‘s(‘%@% % fﬁ%h?‘é\és%ﬁe i nner
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region, pr E?II\SH%!EQHS ﬁeﬁ'ﬁ {u Aﬁ EH:% ﬁ&%mﬂ%&ﬁﬂ%'c&%@?ef&?&i tg%tu?sﬁﬁé‘ant

ontothe trati ter region as conpare to1n the
i nners regthhO)bncem:memgala(QF) ﬂDW -0 flows, the opposite occurs, with

better klnetlgsta a?ODLﬁceint .inner regi on. This defere ce
gives rise to-g8EYN PW PR FASPIE AL RPSVRR FHEACHOR PEPINTHRINARE EREE of

cont am ngiph e@¥4didR trét@éqpnrﬁaljﬂ'y%@lh &Hﬂl@%ﬁf&?ﬁhﬂlﬂéﬂ%ﬂhﬁlé% R @\eeHedthERY
[ Mt] is higher (high KineticCs rate), or V,. is lower (where there is

a l onger4,@@dt1la{t¢1 leveheofexectinadnkapineeatrarey the lamnﬁe(ﬁe&ausedne m«dla For

pornts. | Bl FBRPERTIARThrlaRLFHb oF ot ity ot B Y e inls by

poi nigs | AserphibAyated ouer aMAGTaE péritBeteR ttile Mo, sniafled AMGUNt of In 0-1
flows, the initial conditions at the outer perineter of the annul us

are t hat CqU@pnaEs pregakeany iy the mediahed prsimate Hy iBneTiagelAr RUIRAT nant
ext rac“ g;“shﬁs {nﬁi Iﬂ%]l'd}’s?nb]uqtoﬁ otfpgd ﬁtﬁgéa ?’lll H‘S%ﬁe 0 meRes ﬁP{v'\éﬂ s

| ower, inittal conditions
at the |emlmcrd1memts nﬁﬂlerprezfsnttlheemmallues forendrb abhifpddHhitiliatibh ghthend V. is

high, re uItlng in a noderate contam nant extraction rate. In the
outer r elitigHon PR EIMENE IRKhsEibyton) wedéﬁ%@qtéeatmﬁ@dﬁhlp‘e}ng

nodefat e, dﬁ%h\%?e%ﬂha&é% BE taffaihéd Ry all%e} géﬁ@t | A8 GREUDfoper at ed

using |- the 15 paraneters of are better bal anced
acr oss thiratiwmtiediafis tded evenly awhedthe hiorg domes koviephice thel rhedad,ithere codaunms
operated using, O-1 .fl ow. FIG.16.shaws the | di strjbuti.on of
N Canched  Sietept o 1eBerseorinm 360y FERARS mep v Ent bk AaLiciGhi ch
can | eadri9 caiPéiheidef tRE BaseREbBerk@sh Mid hhigfhh@dR ofhdGppifnalwile .
illustrates that in 1-0 flow type radi al flowflltratlon colums, in

accor dansinimizaing theruiiganetaiostl e present invention, the nedia bed
I's UJOI lized M adngntgge% Of alq i rB Yow configuration for a radial flow filtration column

over an O-I flow configuration for a radial flow filtration column can be explained as
follows:
Regardless of which direction the fluid flows, it moves at different velocities
(V) at different points in the media bed due to the differences in the available surface
25  area of the media and the reduced cross sectional area of the media bed closer to the
lumen. Relatively higher radial fluid flow velocities (V;) are exhibited in the inner
region (near the lumen 5) whereas relatively low Vs are exhibited in the outer annular
regions.
In O-I flows, the contaminant concentration [M'] is higher in the outer region
30  than in the inner region, providing better kinetics for absorption of the contaminant

onto the filtration media in the outer region as compared to in the inner region. In
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than in 0-1 flow type filtration colums. Notably, in the 1-0 fl ow
type filtration colums, the [MN, ratio nmay be substantially uniform
t hroughout the nedia bed, suggesting that when the filtration nedia
is exhausted, it will be uniformy so and can be replaced all at one
time. In O-1 flowtype filtration colums, after operation for a 25
given period of time sone of the filtration media (for exarrple rredia

pr oxi mat 3
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density of fromabout 1 psig to about 3 psig with a filtration nmedia
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adj usd abioethe ket tegith, Rheid (3-8 1dwee deldey 1Tk ARMepacki ng density within
the media bed. The fluid flowin the apparatus is fromthe inner
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and a bo tomcartridge aligner 29 used intain the annu
medi a beth sdmilar ﬁaltmﬂoﬂccﬂumhmcjaﬂlatod]umgﬁ] -hflotie colum. FIG 19A and

FIG 19B sho | oded vi f .the G 19A vv| ng
the out or - assEitbily Dt HearaigsibuiBhon i hateden Osbhcs sipeaed
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20 Exanpl e: Perfornmance of a radial flow colum constructed and
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axi ar” fl ow co
than in O- I ﬂow type filtration columns. Notably, in the I-O flow type filtration

columns, the [M")/V; ratio may be substantially uniform throughout the media bed,
suggesting that when the filtration media is exhausted, it will be uniformly so and can
be replaced all at one time. In O-1 flow type filtration columns, after operation for a
25  given period of time some of the filtration media (for example, media proximate the
outer periphery of the media bed) may be well past exhaustion, while other filtration
media (for example, the media proximate the outer periphery of the media bed)
remains in good condition. Thus, the options are to continue to run the column with
much of the filtration media ineffectual, to discard the filtration media even though a
30 large portion remains potentially useful, or to separate the filtration media. These

options are less desirable and more costly than using the media more efficiently in the
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The RFC colum was 70 nm high with a dianmeter of 110 nm and a single
25 annul ar nmedia bed with a height of 40 mm an inner diameter of 20
mm and an outer dianmeter of 60 mMmm The RFC col umm was operated in
inside-out filtration flow node. The various nedia used in the RFC
colum in the tests described bel ow had an average di aneter of about
90 pm 10 pm wth nedia particle di arreters rangi ng from about 90 pm
to about 0 ed with
= hot ght TR TR ey b cgrneiie gt st AC pRe BT Rl sed
in the axguaim%lm/\ﬂmltypaﬁltrmdmmlﬁﬁg s described bel ow had particle
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T vent OFoD the BEF e o g5 il b e Brea i inobiR atke: "
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14 ppb in the effluent at a flow rate of 1 bed volume/mnute, with

t he renopusensdnrventiomvath the bacetien w‘ghv\ﬁmhﬂammct;ab@cm ghoowe indmreken lines
This tesg d gh%gkv%gtfewa%r 1}11eF 1 andcaglfl‘h@t u{l?toitlt P‘é%%f %rhgéaxﬁm%tggagf

to renovi ng copper roma contam nate

fl ow col thanlevirBdFROtIBAL Fibel 3¥; end PIGNMBCCshodfup@enediRtof thealevecel gher
flowrate than the axial flow colunn wi thout the copper r enoval

per f or maieBIdings kead icagridgeignpicdimndya batiogheqriidge abasacP $8% t0Bot h t he
RFC ¢ol upm; and tﬁJh%nﬁfék EJedlfa b%ﬁ’ﬁﬁla‘é@i'?tré’f%c%tﬂg%ﬁﬁda@le%ﬂl a Mgt §A25

i nfl uent pressure o to about WO co umms
wer e eacimd FIQ. é6Bwhova adlekpiedeﬁmmdﬂtheadavm mﬂlFaG 19KIelic1wdnggwa:rutérX

media (a nedja includi bot.h catio i on exchange resins),

gr anul ar asaeﬁ@%@@“@ }ﬁ%ﬂ“{“@&} e ‘?#q%lg“s‘g‘i‘ﬂ%gs"%%r Sgﬂ)éalaé thexnd a
chel at i NG Le$ dbladdRE RreQiot gmﬁvr{qﬁ(ylgg yR$g packed in each of the col ums
wi th a packing pressure of zero psig. The flow rate of water through

the two colums 30 at a pressure of between about 1 psig and about 2
p5|gzowas theg conpared. The results are shown in FIG 21. As can be
seen, th@ ®col um exhi bited hi gher flow

Performance of a radial flow column constructed and operated in accordance
with an embodiment of the present invention (referred to herein as the “RFC” column)
was compared with that of an axial flow column.

The RFC column was 70 mm high with a diameter of 110 mm and a single

25  annular media bed with a height of 40 mm, an inner diameter of 20 mm, and an outer
diameter of 60 mm. The RFC column was operated in inside-out filtration flow
mode. The various media used in the RFC column in the tests described below had an

average diameter of about 90 um + 10 pm, with media particle diameters ranging

from about 90 pm to about 250 um.
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rates for each of the nedias than the axial flow colum. For exanple,
the RFC colum exhibited a flow rate of about 1 bed vol une/ m nute
using the I X nedia, while the axial flow colum exhibited a flow rate
of 0.5 bed volunmes/mnute using the | X nedia. 5These results indicate
that the RFC columm could be operated at a higher throughput for a

gi ven infl uent pressure than the axial flow colum, and therefore

coul d be oper ffic fl.ow col um.
Long term per&b gbfﬂ'&xi] gﬁdn?dé?ﬁ?Jp‘ért%BME%f%rm%Wlﬁy and
arsenic Hﬁi’ffb‘t’@'ofﬁ@l’j nfnlﬂ.e TRE CagQlsUnBHiNaSedGR MiRadxed oft EblikAtn fefesthe
axial flow colum. For the nercury renoval test, influent water

cont am ndessaibod belowhag partiglerdiamsteisad bsigon peert ¢ mst te abebiuhBsmm.whi ch
were filled with the same nercury renoval nedia. The nedi a was packed
in the RFC colum at a pressure of about 25 15psig. The axial flow

col umn wasppfreembed patfomdnke@w vol une of 0.5 bed vol unes/m nute, while
the RFC colum was operated at 2 bed volunes/mnute, The two col ums
wer e operat edBaf e RSy olymyp gpgthepagial ﬂpwmmwrwéiﬂqdwéﬁW@%r um

could op sﬁ‘l\eil’he Qﬁe&gﬁlgr@gm %@ él@ﬁ 11‘ffl (F k@ﬁ@%ﬁalt gﬂbesgﬁéﬁ grat a

hi gher fi tra on rate urylev srnt col um
wer e nmeashoeds psighgin ioRu@ESompsiag platrtrtceﬂamgaataﬂshtlu: th@mppli of@pper

filtration vol rre Th res lts of this test a e ill E?Fied in FIG
22A. As ®ERINE E%f‘é‘rintot R e Vaﬁ‘@%ﬂ?‘ﬁi TRigs “Prf‘eas’éfﬁ IUEI i ncr eased

Wi thygil %@Iﬁﬁfés/ﬁ’%@cé (BVHﬁ , b thE Qhfdufd AP Ser réiﬁ%niﬂﬁ%%ﬁé&ﬂhéhtrﬁ%%& dual

mercury in the columm effllent wWith increasing filtered vol une was
nmor e gr athgadolunans W&senﬂﬁﬁred obingiCPHAES (iodudtivgy amq:zid:d plasma-oplicalm. The

RFC col um. exhi bi ted | ess..t han ne cur n, t.he ent st ream

Sven of { BRI ORSBIRegT obts Bed /TSt S Mhadiet W EG oAt  ASH 5

| evel of séénpﬂhé HIEI EoMitkin kédRE cBppdrurnt tefinfigit fd Rivell dfaboEal pEInVas

reached after g}rfl cantly |l ess than 20,000 bed vol unes of water had
T

been fil th@reéﬂrlenrt floweratgssenging femoltel4 hedstolumesminsie Iepsirast, the
cont &, X %Elgldt;lm&%' %Qluﬁ‘r% BRBy&f éo brcdo%sto o%§F£Bo%9'11i SR e GBI - MY Ch

wer e sane ar n| C renov
rate of 1 bed volume/minute, with the removal performance decreasing with increased

flow rate.
This test indicates that the RFC column performed better with regard to
removing copper from a contaminated water stream than the axial flow column, and
20  that the RFC column could be operated at a higher flow rate than the axial flow

column without the copper removal performance decreasing significantly.

Flow rate comparison:
Both the RFC column and the axial flow column were operated with a water

25  influent pressure of about 1 psig to about 2 psig. The two columns were each filled

with different filtration medias, including an IX media (a media including both cation

and anion exchange resins), granular activated carbon (GAC), an arsenic adsorbing

media, and a chelating resin. Each of the medias was packed in each of the columns

with a packing pressure of zero psig. The flow rate of water through the two columns
30  at a pressure of between about 1 psig and about 2 psig was then compared. The

results are shown in FIG. 21. As can be seen, the RFC column exhibited higher flow
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30 nedi a. The nmedi a was packed in the RFC columm at a pressure of
about 25 psig. The axial flow colum was operated at a flow vol une of
0.5 bed volunes/ mnute, while the RFC colum was operated at 1 bed
volume/ mnute. Arsenic levels in the effluent of each colum were
measured using | CP-CES and plotted against cunulative filtration
volume. The results of this test are illustrated in FIG 22B. As can
be seen, the.resjdual arsenic jin the.effluent Lncreased . with filtered
vt or - vortmaer Geh phihe e e anal plwicaliB S RFRIR I RE G 11 uont
f rom t hecdfinbn eRhi¥iTed 4 6% BRGFIbhR et velunye/@ansé adbg thelTXahard, whiRpb,
until after about 25,000 bed vol unes had been filtered, at which

poi nt t hieask dowlcobmyperhibited\adlay ratepleds dad volnmsirmty ugins thed X

exhaust i ; f the arsenic renoval nedia. The RFC col unm exhi bited
| ess than "ppb arsenic (the Wrld Health Organization limt for
arsenj ¢ cont atheatdésalts Indiditd thkt thig REQwaLen) cduld bhepehtell uenhighén eam

even after filtering about 25,000 bed vol ume% of water. I n contrast,
a ar seni Breugheyt fgy a giyep yyluent preesues than isexsd Tloweeolimm and thsieiews um
vas reachaty af bakab®ityd He ARl S 10RO P80 URIWIERSA! Wt er had
been filtered. e 'rl'ie a%%ve rgﬁfts s‘ﬁowa@at t rg RFC filtration
colum was capable of filtering contam nants such as nercury and
arsenic Lrom a %rrg.ater quantity of water 15than the axial flow colum
before r Q&G PF VAIECHf these contanminants in the effluent stream

i ncreased to @R WAL GG Ploembéabr mEichly Aid REnfERARVAMOLEMEREE SON
Testing was perfornmed to deternmine the filtration capacity of the RFC
col um 2¢plemn sespempated withiibatder the akjabflowsblwmmn.f or vari ous nedi a

types incl udi AC nedia (a strong acid cation.excha resin used
to remove cal 12(?{&% Wﬁcﬁf%ﬁéorvafﬁmt N%éleli‘te aft?r_,cog%ﬂnﬂéa? gﬁggogpﬁpng base
ani on exgbangewisipplieBRhotiDEol aif) waictoweri fllfedtvtl the BanehRfcuky thi s
test), chelating resin (Lewatit(r) TP 207 weakly acidic, macroporous
cati on esegRapgectiesihe mefianvasimariadiingha M @ satasat amsesgiis o gbout 25

aval lsab'fr?si TP Aﬁﬂ’%ﬁ)%é?(%mﬁ%%s%ﬁ%{eﬂ%ﬁ%%%& mbBPasazftra, India,
used to renove copper fromwater 1n this test), granular activated
car bon (udeded/mimeeyovieledbpRBC chhumn wad @erated il Sed wdimes/ amuteAsThe
removal nedia. Both the RFC colum and t,ﬁe axi %Lwy{ﬂgivll‘/ col um were run

until br TBRGHCTE GP R I HL ratetiod PSR Chodun fRBdgh,
the mediGheiRer eIt of BERY Bl thOMIAINE W UBlufAlVEMS: Aghd M QAR nant

concentration in the solid phase 30 was neasured. The contam nant
concent rideicory leasls meths wifhbnbyf eaghoolumg werk neasureg ugihg [OF-OBS axd nedi a

fr On)’zot heplg’c(t)flch'J a@?ﬁst 9u(:rhxﬂat9\llegt%%rta{ig vélﬂ;%e,nﬁ”ﬂ'e fesulls & t%?srtgs gl(':eelll}’l\gt%art]ed in

FIG. 22A. As can be seen, the residual mercury in the effluent increased with filtered

water volume for both columns. The increase in residual mercury in the column
effluent with increasing filtered volume was more gradual for the RFC column than
for the axial flow column. The RFC column exhibited less than 2 ppb mercury in the
25  effluent stream even after filtering 80,000 bed volumes of water. In contrast, a level
of 2 ppb mercury in the effluent of the axial flow column was reached after
significantly less than 20,000 bed volumes of water had been filtered.
For the arsenic removal test, influent water contaminated with 40 ppb arsenic
was supplied to both columns, which were filled with the same arsenic removal
30  media. The media was packed in the RFC column at a pressure of about 25 psig. The

axial flow column was operated at a flow volume of 0.5 bed volumes/minute, while
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EPA net hod 3050B, and anal yzing the acid digested nmedia for target
lons using | CPCES. The results are illustrated in FIG 23, which
shows that the RFC colum has a filtration capacity of between about
10% (for the SAC nedia) and about 60% (for the AS nedia) greater than
the axial flow colum. 5These results can be expl ai ned because the
relatively smaller nedia used in the RFC columm as corrpared to axial

10 S 60 R BT Ao PRIt APpT o6 i I TR

greater §ﬂéafcﬁ%slu?fhﬁ@ere@ﬁkﬁsdrb&lﬁs1ﬁg UrRTEY arfdGeddt apafndl cuddlanRi ng
contam nants. The RFC colum was able to operate with smaller nedia

t hen t hefilisgtigh velyuntd. oiregeduliant thietestare HbISIr@iwém EiCe@%Er dsdanpe seen,
exhibite h ro um and
The oor s esBitif Ao Ga G T AR fBIRRLATA Rt WA S M8 BT, PO
descrj beeblﬁxemer The Asidastgscafc u’:ltthd EAgEntAFen HERIU 68 Ginn@émbiRes
invention, it is to be a€preC|ated various alterations

modi fi catybsiatialinerrisient alabouhe epbswitil after aheti 25,098 bad velmies bad bes | | ed
th t
DL ooyl A RSB LR oS ABRGMETRRNE 2T

the spir eythaastdarsdaheamémct feendvadeadia 0fThe RECorotiinmg exhibitdidedsahagtd pgh

description an aw ng e by way.of .exanple only. What is. clained
is:  CLAMRRIC @gei{’qrgdﬁ%ﬁﬁmr I@amé@mdfmﬁémweélw@maanmﬂndnéﬁ%gr

havi ig afafed) iflihe SAuOHsEIm ARy %ﬂt@ﬁn%‘@édut 25800 bEES1uies @P@g’cﬁe
retainer positioned in the fluid chanb an outer perneable

r et ai ner Inpesirastom edenin lavikeoff I0yiplh o tends8nerg pﬁﬁ@dixa@ﬂpw dohonn wasl
surroundi ng the inne ai ner
conpar t meRtheraieE o R R neoP ke OB etBrEr bt ERRETH e outer
per meabl e ret arResbovaults show that the RFC filtration column was capable of
filtering contaminants such as mercury and arsenic from a greater quantity of water
15  than the axial flow column before residual levels of these contaminants in the effluent

stream increased to an undesirable level.

Filtration capacity comparison
Testing was performed to determine the filtration capacity of the RFC column
20  as compared to the axial flow column for various media types including SAC media
(a strong acid cation exchange resin used to remove calcium from water in this test),
SBA media (a strong base anion exchange resin used for removal of nitrate from
water in this test), chelating resin (Lewatit® TP 207 weakly acidic, macroporous
cation exchange resin, with chelating iminodiacetate groups, available from Lanxess
25  Engineering Company, Maharashtra, India, used to remove copper from water in this
test), granular activated carbon (used to remove copper from water in this test), and
As removal media. Both the RFC column and the axial flow column were run until
breakthrough for each of the media types. After breakthrough, the media used was
removed from the two columns and the contaminant concentration in the solid phase
30  was measured. The contaminant concentration was measured by removing a known

weight of dried media from the columns, acid digesting the media in accordance with
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10an adj ustable el enment biased into the nedia bed conpartnent and
configured to maintain a predeterm ned packing density of a media bed
to be disposed within the nedia bed conpartnent. 2. The radial flow
colum of claim1l, wherein the inner perneable retainer and 15t he

" outer perneable retainer are concentric. 3. The radial flow colum

of claim1, further conprising an internedi ate perneabl e retainer
spaced apgrt fro surroundi ng the jnner, perneabl e retainer and
shaced apimmphahs O, & ithanate ot ke AR dbrach Sl s
The radi gesf 1100 ety AR ihstfakd iMFIG. 23I%HNE@T sHOQRREAt ShdWF@RohufHeiasTl ow
chanber defined by an inner wall of the inner perneable retainer and

havi ng afiftfation chpaciy ofbetween alwpit &9'd (6 thenBACHnedia)fdndwbekidfbetfonthd a
second iB!%ﬁ(FH amﬁﬁgﬁndtgnd.Phothminner fl ow chanber. 5. The
radi al fPoW SONdT Of ?}glﬁFT, P& t he adj ust abl e el enent is an
infl agabl e bl gHeekesults can B expindddsbcalse ihcrlEQbIyEatlbr @bdib M in the
wherein the bl adder extends across a space 30 bounded by the inner
per meabl BFEeiimess eomparddeto ggiab floyepaab(98 pret-dilnen diamerer mgdia faadi al
fl ow col | ai m wherei n the, bl adder is i.nterpall ressurized
to et nt TR afiifil g agBufebaie i B R PGt B Bofca: o
bed. 8. cdliny Rdli BprchtePNiroE Hi¥R, Hid (Rl ghedter YAPREIE} fr b@i‘@rtﬁﬂ{g ustabl e
element is a bresi |entgy bi ased plunger. 9. The radial flow colum
of cl ai nf@itampiantsi AhaRFGcelwan wazalle tmeperate svithemallar mediaithendba pxiag
engagene | t r i i al
1 owbol i Cohihy} A WRRAGELLAGE: op s S HTREREC i L0GhARE
t 0 cont atttht beial fiswve colpammadbhecoraspondarg eduktiohdn poteatial For chaatdlmg.
retainer. 11. The radial flow colum of claim 10, wherein the sides
of the plunger conprise a plurality of resilient elements. 12.
gihgp(rjgg'da: 11 AR HRTCRkibE 8Bt s fadfldPGH 1064 BRE EtbOEnRATELHh Ded
invention, it is to be appreciated various alterations, modifications, and improvements

15 will readily occur to those skilled in the art. Such alterations, modifications, and
improvements are intended to be part of this disclosure, and are intended to be within
the spirit and scope of the invention. Accordingly, the foregoing description and
drawings are by way of example only.

What is claimed is:
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the medi a bed conmpartnent including a first |ayer of nmedia haying a
first conposition and a second |layer of nedia haying a second
conposition different fromthe first conposition. 13. The radi al
flow colum of claiml, further conprising a nedia bed including a
sorbent and a filtration aid. 14. The radial flow colum of claim
13, wherein the filtration aid has a | ower 25density than the
sorbent. 15. The radial flow colu f .claim 14, wherein the
filtration aid is formed froma dﬁgp%ﬁﬂgeous earth. 3016. The
filtration unit of claim 13, wherein the nedia bed includes the
sorbent and the filtration aid in a ratio of about 1:1 by weight.
17. A ratli al Alredielcfdwrelugamenipsising: a fl uid chamber having a side

wal l; a first_Lnne rmeabl e retainer: 5a first outer perneable

ret ai ner surr%hﬁﬁk%ﬁEEWQEWFE§Plphﬁépcﬁg@hﬁﬁéﬁga?g? iner and spaced
aparts f rom t hgy fnheSferinBil2é rdp8h &g RbHBnERIdhO Ahid chamber; @ first nedia
bed conmpartnent forned between the first inner perneable retai ner and

the first out&royernrapitde reiaipgrmesitiogediadbpuidmienbprespaeadrpert from
retainer;. %gpﬁgﬁggqmgﬁ&grﬁgg&ﬂﬁggﬁgm£etalner surroundi ng the second

i nner perneabl e retalner Spaced apart fromthe second inner

per meabl e r et aineeia;bed compartiBeeonnsd vaediesn the thneopgralchibie nétaiher aeld
bet ween t he second jnner perneable retainer and the second outer
per meabl @eouterPaBIcaBledclgingh38ed axially inwardly of the first media

bed gpnpart megy adjustable element biased into the media bed compartment and configured
to maintain a predetermined packing density of a media bed to be disposed within the

media bed compartment.

2. The radial flow column of claim 1, wherein the inner permeable retainer and

15 the outer permeable retainer are concentric.

3. The radial flow column of claim 1, further comprising an intermediate
permeable retainer spaced apart from and surrounding the inner permeable retainer
and spaced apart from and surrounded by the outer permeable retainer.

20
4, The radial flow column of claim 1, further comprising an inner flow chamber
defined by an inner wall of the inner permeable retainer and having a first inlet at a
first end of the inner flow chamber and a second inlet at a second end of the inner
flow chamber.

25
5. The radial flow column of claim I, wherein the adjustable element is an

inflatable bladder.

6. The radial flow column of claim 5, wherein the bladder extends across a space

30 bounded by the inner permeable retainer and the outer permeable retainer.

-37-



15a first fluid passageway defined by the second inner perneable
retai ner; a second fluid passageway fornmed between the first
medi a bed conpaitinent and the side wall of the fluid chanber; and
athird fluid passageway fornmed between the second nedi a bed
conpartnment and the first nmedia bed conpaitinent. 20 18. A nethod of
facilitating renoval of a contam nant from a contam nated water

stream conpri sing: . .providing a.radial flow co i.ncl udi a fluid
chanber Havi ng 16 g Tk i B R SevhosBiES bldterdt Bt Boe 11 oned
in the flyg, 6RaiRhintain sealiné@n@é%ﬁ%nﬂgﬁﬁmﬁb&r"s&tfﬁder@)%ihq%édiﬁb@d!ed n
the fluid chanber spaced apart from and surrounding the inner

permeabl e retai ner and defining an outer chanber between the outer

bl tai . th i d L, . : edi a bed
Compar tont { QPRE GAVLGIUTRE FARLe: WhTHBAAP atpuel ASPRA0RR e
out er 5 pegxaaRte biRE@pINLEar. an adjustable elenent biased into the

nmedi a bed conpartnent and configured to maintain a predeterm ned
packi ng density of the nedia bed, and a fl ow chanber defined by the

i nner pegne ab e!}zﬁﬁzﬂifﬂw 0011.‘?1‘318 '0?‘01 @Q\gh&raintarf%@é j)ﬂge Lﬁl%ger%}n%néained
contai ni ng at "['east one contam nant specres conprisfng” providing a
sour ce ofin §eatifl; wadagérnent with the appectuing dflike sediadbedof feed water to an

inlet of a radial flow columm including

10 10.  The radial flow column of claim 8, wherein sides of the plunger are configured

to contact the inner permeable retainer and the outer permeable retainer.

11.  Theradial flow column of claim 10, wherein the sides of the plunger comprise

a plurality of resilient elements.

15
12.  The radial flow column of claim 1, further comprising a media bed disposed in
the media bed compartment including a first layer of media having a first composition
and a second layer of media having a second composition different from the first
composition.

20
13. The radial flow column of claim 1, further comprising a media bed including a

sorbent and a filtration aid.

14. The radial flow column of claim 13, wherein the filtration aid has a lower

25  density than the sorbent.

15. The radial flow column of claim 14, wherein the filtration aid is formed from a

diatomaceous earth.

30 16, The filtration unit of claim 13, wherein the media bed includes the sorbent and

the filtration aid in a ratio of about 1:1 by weight.
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10a fluid chanber having a side wall, an inner permneabl e retainer
positioned in the fluid chanber, an outer perneabl e retainer
positioned in the fluid chanber spaced apart from and sui Toundi ng the
i nner perneabl e retainer and defining an outer chanber between the
outer permneable retainer and the side wall, 15a nedia bed conpart nent
formed between the inner perneable retainer and the outer perneable
retainer, a nedia bed disposed in the nedia bed conpartnent, an
adj ust abl e el enent biased into the nmedia bed conpartnent and

configured toanainl AW caluRiredetRisgned packing density of the nedia
bed, and 20a fluid fl ow passageway defined by the inner perneable

retai ner; passilnyl chambprkayinga side webm the inlet into the fluid flow

passageway; passing the fe ter radially outwardly fromthe fluid
fIOM/passagem%?“?ﬁggﬂgﬂnFﬁggﬁégy%Lbed and into the outer chanber to

produgce deconh &gt datee fervithble retaitdr AbFoRABMi i fikeindecafinait] o adtgdenat er
fromthe outer chanber. 20.The nmethod of claim 19, further conprising

i nt r oducpisrepd sraedramatheriratinpestngraeadle Wiaivgid and a second end of
the fluid fl Ox\’ﬁp&mga%ycompartment formed between the first inner permeable

retainer and the first outer permeable retainer;

a second inner permeable retainer;

10 a second outer permeable retainer surrounding the second inner permeable
retainer and spaced apart from the second inner permeable retainer;

a second media bed compartment formed between the second inner permeable
retainer and the second outer permeable retainer and disposed axially inwardly of the
first media bed compartment,

15 a first fluid passageway defined by the second inner permeable retainer;

a second fluid passageway formed between the first media bed compartment
and the side wall of the fluid chamber; and

a third fluid passageway formed between the second media bed compartment
and the first media bed compartment.

20
18. A method of facilitating removal of a contaminant from a contaminated water
stream comprising:

providing a radial flow column including

a fluid chamber having a side wall,
25 an inner permeable retainer positioned in the fluid chamber,
an outer permeable retainer positioned in the fluid chamber spaced
apart from and surrounding the inner permeable retainer and defining an outer
chamber between the outer permeable retainer and the side wall,
a media bed compartment formed between the inner permeable retainer

30 and the outer permeable retainer,
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15

20

25

an adjustable element biased into the media bed compartment and
configured to maintain a predetermined packing density of the media bed, and

a flow chamber defined by the inner permeable retainer.

19. A method of treating feed water containing at least one contaminant species
comprising:
providing a source of feed water;
connecting the source of feed water to an inlet of a radial flow column
including
a fluid chamber having a side wall,
an inner permeable retainer positioned in the fluid chamber,
an outer permeable retainer positioned in the fluid chamber spaced
apart from and surrounding the inner permeable retainer and defining an outer
chamber between the outer permeable retainer and the side wall,
a media bed compartment formed between the inner permeable retainer
and the outer permeable retainer,
a media bed disposed in the media bed compartment,
an adjustable element biased into the media bed compartment and
configured to maintain a predetermined packing density of the media bed, and
a fluid flow passageway defined by the inner permeable retainer;
passing the feed water from the inlet into the fluid flow passageway;
passing the feed water radially outwardly from the fluid flow passageway
through the media bed and into the outer chamber to produce decontaminated water;
and

removing the decontaminated water from the outer chamber.

20.  The method of claim 19, further comprising introducing the feed water at both

a first end and a second end of the fluid flow passageway.
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