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cont am n{EmLs, etc.) into.the filtrate, thus creating unacceptable filtrate
qual i t YWASFHAsIEaler e s tobe Aurified « Opg praipple cap Ry & AFinkRE MajersygemiB avhighy si cal

obser vatinRigbwaRh iORPESRLOd R¥m adih&l Saktd! Onofhaf e%ﬂ?]@l m %f&r Bsmltnﬁcigﬁ’lr rect
the situation. Unfortunately, airlift failures are often nhot noticed and

cor r ec wagtefvgter Henabmerdr systean inl axtech avadtemater cmede ¢a ibeetreattd omghatsiticlan s
.airlift and/.or the nedia bed or |abor

irﬁtm;rll2:dilsgﬂ%ig%fgr;r%‘gf’eeg?g%ifn%ﬁggggalfgaté‘?n@}’lpédﬁ?i?aé@}quoé%S] It is desired to
P SR, TRV e SRR SRR S o bt B
e o e o i g o akonel A OB LR
sand f thet sppurities from the liquid. Such filters typically do not have a device to detect and
correct for the loss of airlift function. If the generated airlift stops lifting filter media, after a
period of time the filter bed will become packed with impurities. Eventually, “break though”
will occur which will release excessive amounts of impurities (such as solid, semi-solid,
semi-liquid, or liquid contaminants, etc.) into the filtrate, thus creating unacceptable filtrate
quality. The detection of airlift failures conventionally requires physical observation by an
operator or administrator, and manual efforts to correct the situation. Unfortunately, airlift
failures are often not noticed and corrected for hours or even days, and the corrective actions,
such as removal and replacement of the airlift and/or the media bed or labor intensive air

lancing of the bed, are required.

[0005] It is desired to provide a new and improved method and apparatus for the treatment of
a liquid containing impurities, such as wastewater. For example, in the method and
apparatus, the impurities and/or pollutants can be separated from the wastewater or other

liquid in a granular media filter, such as a sand filter.



WO 2011/ 084172PCT/ US2010/ 044103 SUMVARY [0006] According to one enbodi nent
of the present invention, an apparatus for treating a liquid containing
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outflow of the filtrate; a gas supplying systemfor delivering gas to the
granular media in the filtering chanber for transport of a portion of the
granular media to a granular nedia washer; and a reject section in fluid
comuni cation with the granular nedi a_washer for receiving a reject mxture
conprising liquid and inpurities fromtt he granul ar nmedi a washer. The reject
section may be in fluid communication with a second outlet for outflow of a
portion of the reject mxture. [0009] It is to be understood that both the
f oregoi ng general description and the follow ng detail ed descriptions are
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] The features, aspects, and
advant ages of the present invention will become apparent fromthe
descri pt iwo,20apserided cl ai ns, and t he acconpanyi ng exenpCarys2@wiednsient s
shown in the drawi ngs, which are briefly described below [0011] FIG 1

shows a schematic drawing of an apparatus for treating a |iquid containing
i mpurit¢ lg&g@o@dth@eqetyeaqpee%@axer@a@als)fwﬁhét lspd wgtsenspre it entro] Be1E2F FI G

2 shoms@pmggg{&rp a%@\f%gg?tﬁ]‘ltﬂgﬁl{;@j ect section of FIG 1. [0013] FIG 3

shows a ScC tic drawn an alternate enbodi ment of the reject section

f FIG 084 P 2010/.044103 [0014]l FIG 4 sho a control
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[0015] FIGs.. 5A and 5B show. a control method for treating a liquid

cont ai nifTHYTHiEH Pt 3 Heuid dewt ine ghe Bltermecthapdenmstudate 2 avesmetion contaieingi on.

granular media and configured to permit the granular media to interact with the liquid
containing impurities, thereby removing impurities from the liquid to produce filtrate; a
plurality of feed arms in fluid communication with the liquid feed line, which extend radially
in the lower portion of the filtering chamber, for feeding liquid to the granular media through
one or more openings along each feed arm, a top of each feed arm presenting one or more
cutting edges; an annular space in fluid communication with the liquid feed line and the
plurality of feed arms, the annular space equipped with a bottom plate having a plurality of
openings; a filtrate section in fluid communication with the filtering chamber for receiving
the filtrate, the filtrate section being in fluid communication with a first outlet for outflow of
the filtrate; a gas supplying system for delivering gas to the granular media in the filtering
chamber for transport of a portion of the granular media to a granular media washer; and a
reject section in fluid communication with the granular media washer for receiving a reject
mixture comprising liquid and impurities from the granular media washer. The reject section
may be in fluid communication with a second outlet for outflow of a portion of the reject

mixture.

[0009] It is to be understood that both the foregoing general description and the following
detailed descriptions are exemplary and explanatory only, and are not restrictive of the

invention as claimed.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The features, aspects, and advantages of the present invention will become apparent
from the description, appended claims, and the accompanying exemplary embodiments

shown in the drawings, which are briefly described below.

[0011] FIG. 1 shows a schematic drawing of an apparatus for treating a liquid containing

impurities according to an embodiment of the present invention.
[0012] FIG. 2 shows a schematic drawing of the reject section of FIG. 1.

[0013] FIG. 3 shows a schematic drawing of an alternate embodiment of the reject section of

FIG. 1.



[0016] FIG 6 shows an alternative process of a control nethod for treating
a liquid containing inpurities according to an enbodi nent of the present

i nvent i orwoO[2002081781 G. 7 shows an alternative process ofca/usenbneiiosret hod
for treating a liquid containing inpurities according to an embodi ment of

t he present invention. [0018] FIG 8 shows a schematic drawi ng of an
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and th&ceditalnfgetblaﬁ@mm&b@éntaﬁﬂ@rpﬂés@ﬁt1'&106@1@)@1 her enbodi ment of the present
invention. [0021] FIGs. 11A and 11B show a configuration of the plurality

of radi@bidjemd:. a6 oS dart Iaﬁeﬁﬁwwgkdcegs Ia?rﬂa%nﬂra WatHod Feuaiid arigRace 1s
packed with granul ar nedi a [ 002 FI G shows a schematic draw ng of an

appar ata98tainng imRuttien goeording de an ew @‘élm@hhgf therpreséntiimentionor di ng to anot her
enbodi mrent of the present invention. DETAILED DESCRI PTI ON [ 0023] Vari ous

enbodi @At KHG. t hehpwe sanaltematevet porwessi bl deortxq| micthed firt treatefgen divpsd t o
the ac Cc%%‘f‘rHXé prgplgr{t%\émac%rdmg to an embodiment of the present invention.

[0018] FIG. 8 shows a schematic drawing of an apparatus for treating a liquid containing

impurities according to another embodiment of the present invention.

[0019] FIGs. 9A, 9B, 9C and 9D show a configuration of the plurality of radial feed arms and

the channeling member according to one embodiment of the present invention.

[0020] FIGs. 10A, 10B and10C show a configuration of the plurality of radial feed arms and

the channeling member according to another embodiment of the present invention.

[0021] FIGs. 11A and 11B show a configuration of the plurality of radial feed arms and the

channeling member in which the annular space is packed with granular media.

[0022] FIG. 12 shows a schematic drawing of an apparatus for treating a liquid containing

impurities according to another embodiment of the present invention.

DETAILED DESCRIPTION

[0023] Various embodiments of the present invention will be explained with reference to the

accompanying drawings.

[0024] FIG. 1 shows an apparatus 1 for treating a liquid containing impurities (for example,
any undesired material) according to an embodiment of the present invention. The apparatus
1 may be an upflow, deep bed granular media filter with semi-continuous or periodic
backwash. Periodically or semi-continuous operation may be only a fraction of the time
relative to continuous operation, for example, 5%, 10%, 20%, 30%, 40% or any increment
therebetween of the time relative to continuous operation. The liquid containing impurities
(for example, wastewater) is introduced through an inlet 109 and channeled to below a

portion of the granular media 104 (which can be, for example, sand) and into the filtering



[0024] FIG 1 shows an apparatus 1 for treating a liquid containing
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substantial renmoval of WO 2011/084172PCT/ US2010/ 044103
pumps or storage tanks. The absence of backwash pumps has the advantage of low energy
consumption. The granular media bed allows the apparatus to handle high levels of
impurities (such as solid, semi-solid, semi-liquid, or liquid contaminants, etc.) and this heavy-

duty performance may eliminate the need for pre-sedimentation or flotation steps in the

treatment process in some applications. The granular media permits a substantial removal of
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the inmpurities fromthe liquid, such as up to 85, 90, 95, 99%or nore, or
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interm t’:‘_ent I g//q}toper ating,the gas supplying system 122 to cause the airlift

h
oper at {9HYery sYstegdpeimaied, i %QQ'HQVWWS ireduged wear sdeigan erotheeddify BRP get s
to a higdy : i g 5.l p, h i ont r ol
[ rom t Ko tuEite WP Erease USRS o6 Y S PrelifecPBRRtcalAf ek rBlungBET) (0
drops lfedtiovated ¢ berdOLUWio sevings)i rhd redieedi dchemigapleygndumyitioa @idr tdst (inssaams, and

the automatic, val ve 275 clases. .In. regayd to the intermttent timer, the

ai rlif LGP %&92@@oamﬁ‘reofﬂhé“&lo[}ygt“h%m{%h?qna}lmaﬁ?lt anthgoshis ifesEsdatedt i ned
tinme imé ey alcseasBN Hiltefing RESEAERC NERY SN | the BBt SMBELHat A€ achidvaPr €
detail. WD 2011/084172PCT/ US2010/ 044103 [ 0031] The detdils of the

appar aPieyiqusiyormy @ithichgiri¢al additipe celdd apviechchiphied witautanyshémmaladsditipr i se a
filteri .AC .gng the liquid containing inpurities, a
filt ra!tbg%gfehg??%ﬁﬁef%%?engg{rgﬁgﬁgﬁégﬁti on 116, a gas supplying system 122, and
a contr it 202. .[0032] The filtegihg ¢ er . 100 i ncl udes | ower
porti OA&%&EDI:onp%%% “8?13?11 ?Lré{[r ORFEEHR igﬁhgéﬁﬂggnﬁ%"i%ﬂﬁ?ﬁt tqnés"fﬁhﬁnﬁ“f%e

li qui d foMldwihf niddRarfidh$al b @kedt QP defedih@ MhCheallilbdshiAtR 538m Hh YelefRling
portion 102 is deemed | ower because it s positioned within the |ower” half
of t he “hepteppergtectha spesunplyiag §ysitem d 3P talicause thorirlifhopéretioh ander (2) userg ng
Chanbegm %Qnﬁftteﬁl %ﬁ%@?%ﬁtg%ﬁ%}lt‘l ngrérg 1r|1% g%? ag ;fuf)ﬂ i Sg:Jséftst%}bnlr i%lf Eﬂ?‘ ?zglsg?ﬁ/e be

used, such as a ¢ VI ng CT OSS-

r ect angitlififopemoRr &y regiidad gigingrthe aitoMbievalpel wiganat hedd BeNs RSty IRIRAlset
shapes TQe filterjng chanber 100 may be in fluid communication with a

first 1SYEb@DBPMEIC Yahee 7 h¥ ISRReBsd: ianfl |the Al Controlj fgem dhe sentea] nInHQRO2rsbarts t i es.
Al so, inES ti I £, i tabl e
shape Fr}%;e/a nge usegggrn’Sti f&%r}%hg rfdsgigﬁépg%? ?ogﬁgfgﬂﬁlgl&k S?Q%ﬁgtﬁ ﬁ%ém%f%%e
provi dég atlifostopsand thwealtombtenvalie 2Ag ctdskd. efd regachtanthe intd@fitteft0R3@] thEhe
first inlet. 109 may be in flujd conmuni cation wth | i qui d source 208
(such glgmi fPlécglé)PvIBg}F ?evﬁ?flgﬂﬁ?doﬂi’ A gont Urqltqg(i)‘ldatcB‘i?a%fF‘ﬁ’inﬁ R uIevEs. The
|'i qui dBd@60fTRNseREehAS ERVALEbe AlscWREETateMih thdrdBsthiit i €s. A punpi ng system 206
can be used to channel the liquid fromthe liquid source 208 to the first
inlet 109. The punping system 206 may contain all the necessary equi pnent
toinitiate and maintain the fluid fl 8w between the i quid source 208 and
the filtering chanber 100, such as a punp, a control valve, and/or suitable
pi pi ng/ tubing. The first inlet 109 may be a liquid feed |ine, which my
include a feed pipe 146 and an annul ar pipe 148, and the liquid feed |ine

o o - ]



[0034] Ot her configurations for the inlet are contenpl ated. For exanple,
alternative enbodi nents of the present invention nmay include one or nore of
t he fol | owbregrigwssret ures: (1) the feed pipe 146 nay be acrastéip/ocannect ed
to the radial feed arns 150 without the annul ar pipe 148; (2) the radial
feed arns 150 have a different configuration, such as the radial feed arns

150 (a)l08Al] Pee dnseitscrf the appasates diig FHb. bndk nopihe dnggribfzdv el ke apipetatisal way
t hei 200 : f f
el SR ARER SRIAAI0L OGRS EATLEC SO AR,  futde o

U- shapestction LS, dirgsctwettion Ne, & gapeppBmdssyisam 2P, dadva\borito] @ﬁtdzo(zd) t he
radi al feed arns may have one or nore openi ngs al ong each feed armin which

each f @037 Thd Sltérthgt dtamber M®nchudee % a@0E: patibd 18N FhichYFmBAr BEBa Q04 he
i ke, all of which may have the openi ng on their respective bottom

sur f ac F§MPHES thg Iapvmtieer faom thy liguidivyithin thenfinstyinkeirl4P te pradyce fidtrase A 06.f Theunp
132 mayjoQer 8&% eﬂ?.t Fst ﬁlee%edt f&%e?%@yzlu% iP HSD ﬁ &%«%}eda\ggﬂﬂr h(3412)wglh %glﬁ o?qhg | pe

146 may ent eri ng chanmber near 't tom or e center
of the ﬂltdrmgrahagbe[harmﬁafrtwaisiﬁxeambmfAhlﬁodgﬂ’lethé fiftering OkkTer FOGH FIA- PRashows

one conf n of the rlift t he feed pe 146, the annul ar
pi pe 14%’111(’:1%f ﬁﬁ‘iﬂ%?’?% Wlﬁsier%lﬁp%maf’ é’édlsﬁ riech 8pa Caﬁﬁg%f hanHigEFToRysaTEaber

302. Thegatcl Lt g rg |+ RlLat
ol i o 308 angn o RG] ol df TR ARIP DL SeF pORBLEA o BiTisliiPAnl Babo?

spaced e féltqymed‘éambm lrﬂé)dndy bfe anihed fecommupacation twhthra st ml¢tHAP fantha mmfdvar

space 3 d 0 ate 30 ottom pl a 3 a

portior’ of ﬁPﬁncel elrlu(iué ICOB aglcl%é)é‘gﬂul?téesf og}fgdq}fng"’feﬁ m’@‘?rbﬁ%rﬁgﬁﬂpcgt hn2 wi th
the | i qohitaf g@Rfe bt yanHat1bshdpewia! b vse®@f St FG iR (;p'iQmalTJl‘ﬁmt(ﬁ@t Pbophe 306
may have an aperture 312 through which the annul ar pipe 148 may be fed, and

may be TRa%eppioxided pi enncapthepaitone!iter friseringrhenibat 190.wi t h t he conical plate
304, for exanple by bending the top edge of the conical plate inward. The
bot t omI[POZ el TR0B stmalet ﬂ@%maafrbeapélmdm@n@llmcahm with adiquiheahroé 208 (sheh aper t ur e

312 of Iae306t r ou ich.the.air i S

coaxi alrgshe?Y%SR’YleC}é%\Or{l (TS thﬁl a"inélgfnélaurmf‘f‘?e féﬁhﬂ@%ﬁf‘%g%@'&“ﬁ’ﬁﬁteﬁave
aper t urog svaddrbwitth nﬂplghleéhlxbumb@grsgﬁml 2066 RUEed iHbhaahel thediqhiyr estghhand
attached such that the radial feed arns 150 are in fluid conmunication with

the anntduih sepse 08 1t0. therarshimen 409 pilhe nuspiegrsysemi2Aateay sentdia alhdhe
annul ar, i to
the-anasr asg sadBmiiE hitfle dldmad B ARl B8 el iRte Lo 8 Setede B wid o
filter |t1mgﬁhd:m1gxénamb601®0 audthes amangla doatdl wdlves aidd/or siQORGipihg/talihgr Tl | ve
confi g at. nn, | i ng..member. 302 i ho n FlL.Gs. 10A- 10C in
whi ch o le%hflbg Wl ingorieh 91%301&3%\?%{ RReWASiaRd en @anulen. 9p
but theiRnUe and ﬁﬁ%ﬁld’sﬁegd 'llﬁe GO tRRE domhdui Bti Wlt‘ﬂrg @hlaath?y Bty ggfp@?
plurality of openings 318 that enpties into t portion 1

filter |r@%alcﬂ¢eshb@ns h¥0. Thmmﬂpbmcalhqtuyi cﬁntwpmgun@snﬁdﬂsuntrcbdwe(ﬂ)at ﬂhemnppbﬁt e

308 provi de fo I benef it 0 7 be ocgcasio i n which
t he an(rﬁ}llﬁ 53 g} ace463’9f60q‘\?%y9 %%Wrb‘%%fﬂélﬁm\[ﬁﬁ ﬁ1 p%&i oYyt Eﬁ RS up
filling3p r(m b@tdbwﬂilbecﬂ 14tB6. anklhidfulsPsipe 138Qs @eaed ReitdneWlead 2R RE il 4Bid as
seen in FIGs, 11A and 11B. Sone causes of this packi ng may be that the
gr anul &pmmunication with the feed pipe 146 and the radial feed arms 15 such that the liquid is
introduced into the bed of the granular media 104 through the series of radial feed arms 150
that are open or have one or more individual openings along their longitudinal length on the

sides facing the bottom of the filtering chamber 100 (that is, downward in FIG. 1).

[0034] Other configurations for the inlet are contemplated. For example, alternative
embodiments of the present invention may include one or more of the following structures:
(1) the feed pipe 146 may be directly connected to the radial feed arms 150 without the
annular pipe 148; (2) the radial feed arms 150 have a different configuration, such as the

radial feed arms 150 (a) may be opened at their distal ends, (b) may have outlets along their
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WO 2011/ 084172PCT/ US2010/ 044103 nedi a 104 has been airlifted into the
annul ar space 310 by the gas supplying system 122 (to be described | ater)
and t he bwotomvosiii7ehe feed annul ar space 310 has the fl aCT/useabma+103
donut - shaped bottom plate 308; a feed backfl ow phenomenon occurs in which,

if there is reverse flow, the liquid could entrain granular nedia into the
feed arfitfuaycrepEal éusfq@s i3 he/Torm PAPRE PR NE%e I(Oé%@&p%sth@@ bpiomseifaces,dk) may

sem -1i t I page
wth o aippEU-chbfid GnfARLATE A opc g elledor by I DEAGEREE°, 1
poi nt odrmswent hiael onehirandderpehings hloag eﬁ&}DWed'ﬁhﬁ igrvettich aschnfeeld armigyinlx@eone

packed e .annul ar s e and annul pe.to the point that the fl ow of
t he inc"l8ﬂ¥1r? 3 hegesm ﬁé&}f & ISFBERE GOTE@ ‘glfwaqut‘xhlm MR &Y HHE OPEBNEHOR he
bot t Omtﬁélﬁtré'spg%ew{o% Shi¢ed %n% 'deahwafd (9f fél\é:&gaﬂép o WARHRT

medi a from accumul ating because the granular umul at ed
i mpur i thueep Wod ek yblee lawldemstoad pédieyarinaldr pipe d)ﬁl@rantlhne (é))‘ém flegd pﬁ)bSl%rmiay

he- 11 onrey ™ UEARRGTh Bt B 1568 el ihwkrlRG Pl Al HESOAFnE e tiown 1o

be six mgteﬁ&ﬁatt}ﬂdmplOB but any suitable nunber may be used, such as one,
two, three, four, five, seven or nore. Each of the plurality of openings

318 mRy[HSs|POSst 0 ATVES sIRRIBRNARAGABH of @f?edalﬁfﬁrgur;i?q 39! il fpédﬁgel Lihy fE

openi ngs nmay be positioned between adjacent fee openi ngs 318
may be @nylas pipedfiBethsi plerabity efvagial faedrarms alrSﬁJ @yd 1 hmrmpbmg mgmbnagrObeThe

semcir ut ou ye- shaped cut outs or, an ui tabl e
shape. cﬁgﬁ%élf‘(éﬁel? efr’errl 3n‘% Pag Igoﬁlgnﬁ‘f & copical g ?@1 igp Pr'@% %Oéz(?ﬂ r?a@o 98" sand
and maylse 8as ETQBYOISPIE&%H%&tbﬁﬁpIQtfes Bﬁdspa&dceh adfredetédhindt diktaR@dfr 6% @ci80”

hi gh bed Furt her t he bed 63%/1 be any suitable area. Suitable areas may

i ncl ud@therspctethahan annuar spac Ozbor@red)by Hhertep Hlptad @0, e @t@m ahte iy aed so
i ncl udg ng fi5n bPE cbnftdhBR ST 8 fornd QO in g SOARMALTR Wifh A0 Fabih ttgy he

filteri er candscendlna rrection as i'n
arrow 1m2 aaddhd plerdlityjof fted @6ms h50. hEhd tolptpiaitb 1306 earitee ahQPe@dsd 3fb @vough an

upwar d i.retion uch t the i rit re renoved fromthe |iquid by
i npact i ﬁ*&f | Bipe Hgg'faa&@a%i Hl’% o # ISEPALRlE %@tet%emﬁbﬁ’eofpnf% bed

of granutke all?‘@ﬂﬂﬁhé@émcell Higedos thPe;Ia'rr{ﬂlé 9§r b%lﬂ)é thtezgli) Eﬂ%@ﬂeﬂ?é IICE ﬁla@@e as

t he granul ar rrE|a14|strave|ng downwar
chanmbernwa@d. ddeibatipmatlatd 39§ nzayriawe MZpeﬂlihe 384 dwt dhoalipned oithohe almnturc)ii 12 he

| bed d t h di a t
Phto "t R b loRnR e iR RSl mbpo b el 1 St Ao Gntie gas
suppl yipiyg B85 iefa 12*Be coM&lﬁQﬁtéB@l?ﬁib?fZB@- ApEpRO 1GARARIBh W dilthe TARalffbed rat e

section 108 may be in fluid comunication with the | ower portion 102 of the

filteri®Hgs dﬁgn"ﬁér e‘i(ﬁbroluéh qﬂéc%tff\‘f‘h% suete that | the aediak Feed drms b%Q;QEQth tﬂﬂltihgh
e

encl osure, or any suita containing s Tt ure. Acco

possi blaanulmpdpaneBlt(amohrthattthe hf]inldtcbﬁtaﬁllﬁ§ﬁhptﬁhlei%feﬂ()m@rths eﬁmﬂaﬂ/@hcfe 1@7 The
filtrate that has energed ah Be top portlfpn of the filtering chanber 100
pours OVl CtiHBYREPPCL dhemhtlgwe put 1y theflicsing champber Hfpviatheradialdeed o
secti ogrdPdBsgray be in f|UId comuni cation with a first outlet 110 for the
outflow of effluent or the filtrate. The first outlet 110 may be piping,

t ubi Nd{0036] (qugl?e?ﬂdt%%ohﬁgmja&b td hf%' &ﬁm%hntg%&gge% Itg h89v’11’}ﬁc1=t1% " 10A-

10C in which the configuration is substantially the same as shown in FIGs. 9A-9D but the
annular space 310 is equipped with a bottom plate 308 having a plurality of openings 318 that
empties into the lower portion 102 of the filtering chamber 100. The plurality of openings
318 in the bottom plate 308 provides the following benefit.

[0037] There may be occasions in which the annular space 310 may be packed with granular
media 104 which ends up filling the bottom of the annular space 310 and the annular pipe
148, as seen in FIGs. 11A and 11B. Some causes of this packing may be that the granular
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[0042] The reject section 116 may be in fluid comunication with the | ower
portion 102 of the filtering chanber 100 for receiving a reject mxture 118
cont ai ni nyogoawrshere nmedia and inpurities at a top end 1®8TafS2athme44ans|ift
punp 132. The reject section 116 may be an open end contai ner, encl osure,

or any suitable fluid containing structure, The fluid comrunication can be
conf i gunrediad(d Ela% hegn aiHteddpiocihe appilaogpage 819 By fthe gasuuaplyseniysicantd2oiowi t h
t he airld yetlyce] T, ok | ' :

cyli ndrti;éc(g%scpi pe ag)e?)z%rh%@? ]ﬁ%tg%ﬂ %r%g}/‘g%g% t hr é%;sﬁ%igefdég%%rg ﬂoa?’bkt(é Eleeélﬁif) ﬁ?téri ng
chanbershap@l bottbnh phitel808;he ferid rHack flovn phenargenbaceiitsan avhith, fif thpsens fASerse

termnates at t.he.to nd. 138 di sposed..in the reject section 116. A
opt i on;fﬁo%’p?fb?s %‘ﬂ}grﬁpui‘gsfnﬁﬁ? Sﬁn}‘ﬁﬁlrﬁ%ﬂ 1(‘%3%{1?463 I §page o 18 t?ﬂf?/oﬁot
shown iithphutifes (sdcidBlsodid, seM-solidBomiDeqad, Of el é@mi%n@,téi@g Sﬁﬂg?lﬁﬁg the'be

attached to the airlift punp 132.' 0043] The airlift punp 1 may al so pass
t hr ouganguissspped Wbrthe drcosting hiquaband glill dpddepch thhenhelne spgseriidan the2 of

he filjer] . h dia 104 in the filteri
chamber 1000 SRS b3 e s SRLAGG TRCeBHl o oty Aok kB 1 1 e

ar e r erthv adniilapspdceerndi dpuuthr Pypd foethg pait tast tediay $0the MRamMidHNBqRiAhoyn of
the filtering chapnber 100, a small volune of conpressed gas, such as air,

ni t r oglf, PIokKefbn Theplyvadity pk epepiags Bé8iiAtthe Mottoanplale PA% Muid stpvadowne

bot t om;gfiithih & f dJeh€h 4 ot g v t as
to dr av{/ tlhe’g)rraémfl al? eggndticg%rg%%ugaggmgﬁylf I 1??rtn %ﬁcrlrlpmggﬁ %{P) g? ﬁ}e/s%b@?t mg%lr?lig 136
of the raédihiahd apcuwrpulb82l ingooitidsngould diedbld trefratly! fafl tthipugh tA83pehiagosipes any

inmpurities (such as salid,, sem-soli sem -1ljquid, or liquid contam nants,
etc.) A R ?fweg‘bar“élﬁh%rfn%%ﬁfé%%hﬂl%jtb@te Weyld heeneg dlogkage oA theredi a
and di fA@dgeshdomgiligugp (Which may forma dirty slurry) is pushed to the

top end 138 of the airlift punp 132 and into the reject section 116. [0044]

The rej j : i ' egli; 9 ;and
sect] ol VI Adr B TR BRNPS e Sr Aol b RESKRTIERY 1804148 B8,
m xt ur esuithible thasbeemeaygbd uvkedmuchasaine| iWe, thuer fad2 fate, shent @pmend E3éh of

the airlift pu 132 fills the inlet. section 119 of the WO

2011/ oé’ﬁi{?“z B@W%ﬁ%ﬁ&%o@&‘&?&? Pé’élé‘_t"insﬁ%itl%ee&rﬁdiﬁceat E‘?ﬁdﬁrﬁﬁ o0 e

rej ect prpsliby 6f B SgOmaYy e siRinked bbtwidi f1jh&sit eid SinsSPRS. | PRe d8dniREs the
reject section. The outlet section 121 of the reject section 116 may al so
be in Pl§iraaybeennisedeblesizg ethshapse dongxanplethe operings map bewteicncwér t he
portio reject m xtur. 8 that has red, over the weir 117. The
secondQ(‘)lutult%{%?ifghﬁrea({/cﬁléétg’ %i?%ul]lgr‘lrgf)r ubPngT sgfr%&bale@g?%eecti on in which piping
or tubi be connect n.aut omati c yal 275 may be placed on or near
t he seé@@%‘f@flg %ﬁgk ?OrﬁgG‘aﬁt tgﬁﬂqlgl?a\‘iam?fﬁa r]rég WY borndopndemay S'BE #pened
or cl 0ggidatIasiRE 00 Bed; QUERASIS 407 AIBhtH FAWP High'Bbd. EORh@NfhelddB £ANEL My UNi t
i's conflgured to open the valve 275 to allow outflow of a portion of "the

rej ect Switablq pigaoSutteble laprse mayeinglaiefop pmmplepl, &6 BudeS,cutthorsvwqoireangienst i on
of the l.ect (Ju. el 0, ic valve 275 may be any type of
controlaflglgﬁ‘gaxlxgagilé‘gel%eﬁ%\?\%ﬁ?%wh‘éﬂgﬁe.er[ 0045] As seen in FIG 1 and FIG 2,
the inl tion 119 of .reject sectiqn 116 . also, is in fluid, .
corrrruni[@étto' 0 e\%ratnﬁ_iLaé ‘{bﬁ%é%t‘?‘gw tﬁéﬁﬁﬁ“% qbeiﬁgf} desgendyingg, V&?W"r?ég?rﬁc%’s her
has a g5 aftlidatdd BYetheairiod €12 diftthe diqRiPI0H R thE®lkeAn® bhdrSber 148 caR TwCRANGENt i C
stages 144. Fromthe reject section 116, the heavier granular nedia 104
fall's “AVard: fisecsionwch rthatetic ampasitiey ate3remavedt fremghadiguad byreidipacting 8te 140
and th i I eheet i i es .t i 5l odged,from.t granul ar
modi o s il BOCEL ol bioafios 8o Gt s S Rumgntie A A8k

out | et tHEXtrafiorn bitthaligoidethkes plade\as ti/Grandaopediad 04 Theav@liap vlowly 88eh@ari04
cascades domﬁqﬁilélgrccg‘u h the concentric stages 144 of the granular nedia

washer 7 8% B 100 asindiatedibpamely 12 nplihe dosiomsayashh moxpment efht

ar ound eNga@ilhd mbliaRHTRe P is ERsdd 6y HARIhAL: H&%gfaaoéfié %é’il? ngth&gthg(%Mﬂt he
concentric stages, it encounters a snmalf anmount of 1§ frate novi ng upward

t hr oughumhd 39&3 e intieBahitfend airti fi eperatorud fthe gedsuppbying ststetd 222.f or exanpl e,
about 1-2%of the feed rate). This filtrate in the washer 134 is driven by
the difference in liquid | evel between the weir 107 of the filtrate section
108 and the weir 117 of the rejection section 116. The heavi er, coarser
granular media flows through this small counter current flow while the
remaining inpurities are carried back up to the reject section 116. The
washed granul ar nedia returns to the Pilteri ng chanber 100 and is deposited
on the top of the granular nedia bed where it once again begins the

i nfluent cleaning process and its eventual migration to the bottom of the
filtering chanber 100.



[ 0046] The gas supplying system 122 may be provided for intermttently
delivering gas to the granular nedia 104 in the filtering chanber 100 to
provi de awvol2nfitosswreh that a portion of the granul ar nedipaTtius2atb@44103t eri ng
chanber may be transported to the granul ar nedia washer 134 (via the
airIift(Pu 132 and the reéected‘section 116)._The.gas suppl yi ng system
122 mayl @6%?11%8“%@“@%@“%&9 aaybe in dhid, ppyemugieatienpyithyihe loveer pagion; 108 of
first : - 4 :
cuppl y T AHE clftherd 08 B rel AR e ARG AP 20 3%
upper ahih.| dherfilaate safiql yndyi beean 2p6n @nd ahidedy anddsut€ astadywsnitableaflwit e

Do vi st R, Bl e inerto” nd pnenbIg APt Rs (el ide SHRuoh OB ui o
communi &ahprides Whitel} 10 THRWBrat ik hﬁ’é"erﬁg%e@ﬁt hb ?0}; ﬁdrﬁ@l{ bf\Ge Qﬁ‘@ﬂpg gl'f)al% The

gas source 124 may be a fan, a gas punp, a pressurized cylinder gas, or
sone ot H¥paus eedsitee weoinrl@é and injashe tegrmstitrel 0y Thnt filbcteceedtiomi @8 mhg be

filteri, L he S I 124 be .a] itrogen, o en,
or som ol Al SoREpddRat Nk P aHE 3B oEE B0 362 hlyenl 458 M use THERG (o
cont r ol fitsheugets1 1ol fiay BrApiPingp tetEsgr & Edmetddie iBashish Wisitg l24ubgligy bewer
portion 102 of the filtering chanber 100 or the gas valves 129, 130, and
131 maycW8eYetted if the gas flow and/or pressure is adjustable at the gas
source 124 itself In one enbodi nent, the gas valves 129, 130, and 131 may
be sol R8#H Vg 1egest sedttionddé may beein oid maynnveni cation with te lbweppavibdd 0D wist s

of gas I t p as_supply line 235 il e the gas valve 130 nay be
confi gutbgéﬁ ttég&l% rcg%lng% ﬁ{?r g)tr srecoef\gg%é TEISE O urte\kll\@ 8 %%i}arlm&gsgr Bl 196411? 48d 225
and t hangasitieahve tab3dndm8 Hethe anfiftgingd 13D PheYdjee se@ibni NWomay Baanfdpey

t hrough the | ower gas supply line 245 for normal airlift operation. Thus,

t he gasshéifopianchEnElpsrgnoraty P dyidepnigipgsiuesinriis fhiyd somstuietiogas, a
steady fhow c%fnﬁgﬁéd c?géh fhat LA LQBoh 9669t #’lﬂid’%n%gu%igﬁio%o\%tﬂ e LiHLE 202
is configured t6 independently’initiate, maintain, or termnate §gas flow ng
t hr ouglpuege h3Df Thheirlifipempahi® isongrucgas, sihpky dylindsca PpandtuBdShatday

150, ot 118 Bt tor sty poghis B0 ol ega h byt Tihedness

and 24%igtepunsl1 3 0ietmidatstat {He@6p BRH ¢ d PtHeRefle & UIY. € i Hag Wal |
of the ai rlﬁlekl)flﬁdgg%rrp D e P b I sed et aﬁﬁiﬂ“ﬂp?ﬁ ‘é’ggf’ﬂéﬁ% y
ma,

| i ne 23Blaskgysrd ¥ be ipeluded shownan FiGs.Vieantd & i yotishgwern Fl@n 2 el Hut | et
246 of Jppl i 245. . Th d,. | I
335 and DFs BB (8RGO bY oDt P und iR B b R BRE, °F D e s
. E l. th ly 1i 35 d 245 fed th h th
bot t om0 G Sie i 37 b EAled sk AERBER 2 ERFH ORI CHEL PR GoRcat ageol

filteritRgloshapbeion ToRMRNEItERE RhmbBe1dd. | A&thePakNa MG, PE WERE £iBSn
airlift punp 132 and the annul ar phﬁe 148 and through the channeling frember

302; orchpmben 1Gfedesepndsfin thredewnwardi ditpcipranb? suguthabthesimparioes tieeremiortd f t

punp 132, er; I i 48, ..and, t hr ough t he channglin er 2. In
what ever n%@%%€@8#ﬂ§58 éﬁgﬁ%ﬁP?h?ﬂﬁ%é“%ﬁy%?%FEP&P¥ﬁEhﬁﬁﬂPgba§§ﬁﬁfAa@‘baths
of thesgad solppleybn@osipsdsedd 428 $ueat ad afrliniedé@natoxih@, | wete BRE hap 8H2 of
the filtering ﬁhanber 100 in which one of the separate paths term hates at
an uppérteppdiErty intiaduesdsal thehotionr of dhe filioring chaeber J00ERY thy sdsaspelyin®o and

the ot Regedf 126N LUO dREP ﬁfeta%rgmf?ﬁtlﬁ§ ia Y¥P8 %199‘&141%?&1%% ﬁ%/élpgfeotgtﬁ 89}4?1?({) $36

term nates at a lower position in the [ower portio €ring
chanbewof t@0sirlithpuropdéR. [Sesitingmsideitingaialbid pemiphis2| disiedgds esiytimpuritig0@d48] As
used herei.n, the term"ajrlift" is meant to enc ass lift caused by gas
deIiveF@S%VLFWQfﬁﬂgi§ﬂBbLWPﬂd”§V§WEWFF@BHPHFegﬁgng#WQt?yﬁé@3¥m©%@ﬁ ded. In
ot her wRedgject fliktutd bt oRHRRAMASES SNt ! didlo@Yed@MY el ARMEHIRSY PHEM BRty

ni trogen, oxygen, or other suitable ?ases besi'de air.
slurry) is pushed to the top end 138 of the airlift pump 132 and into the reject section 116.

[0044] The reject section 116 may comprise an inlet section 119 and an outlet section 121
that are isolated from each other by a weir 117. The reject mixture that has emerged from the

airlift pump 132 at the top end 138 of the airlift pump 132 fills up the inlet section 119 of the

10



[ 0049] A sensor 200 may be provided for determning a |l evel of reject
m xture in the reject section 116 and the control unit 202 may control the
i nitiati oNp 20Hi/088ERANce, or term nation of the gas fl owpCrarsealbeigas
suppl ying system 122 and receive one or nore signals fromthe sensor 200.
Alternatively, a_ flow neter, na¥ be provided for deterninjn? t he amount of
rej ect TEISShAGCHOR A&0 PRl porsign Of die TeIest BmvdUEeHROUEINF dre Yeir tl 13 dnto thgoutist e ve
one or . } . f - Ty . - an qad r ops
Tt ng e P PRERS eibR ot "IHRE! ot Y 6Pt Yeiet RN 1B gy ko BE PP
pr eventis flthé cgmanmicatiomsdihaa fecoml befletgl 20r favthe mittBowhef the poitioh qfulpre]l@2 at
the bottom e 136 of the airlift pu 32 .and entering the reject. section
116, THOGE 6B Rsapeiief aviste o AT oWiR S BLGHISHEOCBAE Thid P ages
144 of thb@gdsstinaketRdh vashidnglddubiag tldybel@fhdd&t ANSudRwaE darlrk o5 of
the wash IIquid (the wash liquid being Clean filtrate bel ow the granul ar
medi a vaahee plegal erhertndge thereeondejuslet 120. qlhechudemaitic yabvemay paaeniralledsubt t he
concent ] t f th ranul ar di a washe 4 scourin he. dirt
and 1+ mstrefied SR YBed a2l h oA R "RESPyE T b B Y] ool it
gr anul ajonfigdied tb pehehd eplee75ectilow ditfowhidta patioh alfithd hgjestghixtlie ogr@nul ar
medi a washer 134, there is no falling nedia to restrict the upward rise of
the wasHo3ci §&ivaVerroughrreredg paniomapt Aartionelistherreiegumittites Thagiautagatior e
than QIR o fsl b fibd LR EbPIRBIRAL Sl KREW A MR, @ result, the rej ect
the airli S

flow rate I ncredses t stop unctioni ng. Thus, the anount of
reject fhxdu .S .l e i reject.. sect, and particylarly i.n the
ol ot JOUSIGRS sied 1 RSP BEE RN, A U SR Yo BVt PR ol

Al t houdtuid kemhtini@dbngvites @ednaldr aledid acsitertide. SEsS@an@dbOMRd{aN@ashel hasld7 i n
the reject section 116, the sensor 200 can alternatively be placed on

ei t her &ippargnedipanlgie] 40, jargramulan media oytlet |49n 2nd gorsieniric stages ddt) dromehe i on
121. | ' j ; - '

cont i gured 1o g} { 2GR By G BunbarrRfRCRl ANCHE0 M Bopthlt I i 134

| i qui d viotHeggranubgy media hdetrld0ent] thelghitanrefetbingaurities pms sese diviedgédh@omeahe 117
into the outlet . section 121. According to one odi nent, the sensqr .and
cont rol® fgr edis ﬁ8¥vfaé8 FY‘V&‘F%} yé??(':freg]lo‘?'l‘%? Hfover ﬁgg’i‘(g?‘l’ﬁt %S?O_Hgga}lg‘ftd%&)_é?zm
(FIG  2)e hu@makibeap@N3P i20ferel, t e BRRATr $HdiRG04 Qhsdalss HhGH tHrolbRWhaIY
over the reject section weir 117 into the outlet section. The sensor nmay be
an ul t casesitec pleges 144 ahdhfugrenulge media whstter i194at Thec bengentoicomteges W4 may

oL SR ST AL, Bnd s e G A

i tsel f chsadihgaidowinthEtéacediric shige§Xaenrbentefs adsnsdll inddiing of EREHE mdBnghewary 18 mm
di aneter cylindrical analog output ultrasonic sensor from Pepperl +Fuchs,

model AbrieHEh thesseden svirom thygrangps pnedia apdesrl 48 {fprsramplee 2bout 15296 o thrut put
whi ch S i, 4 t1RQl: i t r; i ed to
oo PR RIS LSRR My SRR 00100 bt
advant dlgewelratt07 off tharfiliogersa¢tom HI8 adiviheiwdir a1 Diof sheotejettivaisseionr 1 l6owElie t he

hei ght ,of .the reject sectio ir 117, the reference distance between the
sensor PSHHCTa kR g’ia(S‘BE‘Bfm‘? 8 113 Se&'fO%c{ﬁl%ﬁ | qouniey chgenipflowr while de by

the chagfginindy mfjRiriRs aR cabiell hﬁc%:prto]{%_z-re_{egloﬁlioﬂ- Ne6COPd Qlashil %ragtqgr may

be in communication, for exanple electrical contact, with the gas source
124 andlglia reteng tosthedfiltesiog rhembar3PO andds Heposited oorthe tip afttbe granuhir noidiagas

bei d. f h ' 122 i fil [ hanb
o0, et SBRETp R ISp G BRICRT SRRkt ant s Gr ol ik o oo

cont acbottawtdt thdltSRipsbamBEOI®O as to receive signals fromthe sensor and
process the received signals to determne the anmount of reject mxture in
the rejjens) Thelch®Supbhhing s 895 flay TR YHrHABIGCR BlerhRitchiNRIGEM S §s tHd toO
continuousﬁy r%gd gﬁgﬁ%§§$%npe 201ybe¥ﬁeen t he s%nsor Qggnandz{%% surface
of t hegrasjuleg madiad ¢t &n the filteripgahamber, B0 tohprovisicedrdifisschithat anportiod v theThe

control ' I ln .o nication, for e | e el ectrical contact,
wth Bt e & 68 plenbl R AT M Aol Bia R IRC BaRw e FSbani e Bhe o

t he anpuathodirlifepeep 1Raindrdy rdjbawd tditiondh 65 Nehe gePaPpDLh Sfstehe Q22 R52]
FIG 4 shows a nethod for treating a liquid containing inpurities that can
be car FPBRTIHUE 8B SQUTES ¢dtht oPPNFAiLas Seply Anp 235 with p dirstogrsral Yo 29, 1and 9t ep
Si, the punping system 206 is started so that there is a punping of the
liquid containing inpurities into the filtering chanber 100. [0053] In step
S2, inpurities are renoved fromthe I}huid to produce filtrate by
interaction between the liquid and granular nmedia in a | ower portion 102 of
the filtering chanber 100. The inpurities are renoved fromthe |iquid by
the granular nedia to produce the filtrate. The granul ar nedia nmay be sand,

. ~NAr™ A .



WO 2011/ 084172PCT/ US2010/ 044103 107 (in a simlar manner as the sensor 200
above the reject section weir 117). The predetermned filtrate | evel may be
any suit awbeoliesei’2 such as, for exanple, greater than aboats2@ene4103 hat i s,
filtrate starts pouring over the weir 107). Once the sensor above the weir

107 detects a predetermned filtrate level at the weir 107, the gas
suppl yi 19Y/eE gas Bppholng 245svith psgoand ges eplved 30and ¢ thisd gas valee 13hs Thoupnss

i o . y . '
Qupply TN Aw? Mook b anl 24 Bl WABRE L Stbabt P8 M B e lBR, g
chanberarg¢Gf ftuad sommuinitation tveth tieegaacdonnre Eong théie regpactivteafirsiesdiend, tane
liquid,,and the inpurities. tionally, one or nore gas bursts first
taEe m%{gﬁ %alslr%‘@eﬁnpf‘ 1%3’@%4 %’Eg‘%ﬁg? ‘Ylﬂhéhezké”%é%”%%l Hf# tqfépg?’cxﬁppgup of
the fl %agfbega@o.tmeo%mome 1bavely &%Sfaﬁ,wgé%dnhﬂ)%_p%é’s%z?éd%uﬁ&erwf%ﬁg drhat
take place in steps S3120-S3180 o0f FIG 5B (described below). Wth nornal

gas opeioand ¢her suifeblgrsantseant gaediThe 2os beingtiheoduckd énto tige GHengechab@®r ¢ 80

descend_jp.a downward, direction and the liquid in the filterin anber 100
con r1 o el NN Ep b g0 61 Btk Rvdthe® sorfleir sbratfe B 0B om
the |i quilebsbn2ot &0, gindndl ahayrbeliuded © d@hadUaR dhdldw hid/at fresskddBoh the gakep

S5, the reject m xture containi ngf ranul ar media and inpurities is fed into

the rejSo¥fcesi@dttpdbe lover pegian HR otghe filtpang rhambien 2 06or thregdsi valesilal, Eifanber

100 Vi h ML _ . . ) ot
100 V1 eyl W LoRUEp 2 Y SUPLERL 00,800 A RN o SH UL ShER 0
gr anul atsehfedn ansethpatiment, tie gahealvies 129,11 30 Lol 130 imayisk solgaoid ValtesOfTHelas

liquid with jnpurities_.in the reject secfion 116, The reject section 116 is
in fl uiV\(Afﬁ‘éeo Ay he iconfigited tq H@V@éi&ﬁﬁs gligasethropeh the,ipRgsteERs sypRbY line Ba%t i on

of the \X}l%jleeﬁfec%ﬁ% Xaleel Johahy IB_@%OHH%(S&@Y@ &8 HEIsRCIf QQHogg}rA\fﬁé fow;lt%Zga-k nto

the outlet se on 121 in which t portion of reject mxtlre 1nt out |l et
sect i orsupplyshiren24ahnd, theogasr vabes 131 quaydbeaoehfigupdr ot preside wd@ibGdus| gassieep S6,

the grapul ar .qedia fromthe..rej section. 116 i s washed by the granul ar
oai o JBEwEP SRR kS FuiY AE RIS o R R T Gk 0es e A STAPLEE | ng
chanbersydteh. 122 Qf¥erhits Alrt afrflawpPeQapighgribieds RET bad 0ktehdyr&ldvs WEhgaS orf T

exanple, 20 mnutes, 30 mnutes, but preferably 1 hour or nore),

i nt er mcombipatign thereef gpahighi &g qostral unit €42iip configrred to srdeperdandy dnitiatsove,
intermft. - Ll f Lt r i

upvar d T, SR RRiNRE L A5 hioh bl bach of ME uPbdr A FROR LR s fhes 254

ef fi ci endy245Ths separathpathf of theagas syppllyirdgysyisenat?d by edntbyllihfealyeand ar3opedi a
bed bei ng 35 a higher density due to the inpurities that accunul ate and are
enbeddéddilito it. However, if there are too many inpurities, the efficiency

of the aranular medi a bed decreases due to the granular nedi a bed being
over satll94tlda Fighlisthe ppaerand Ipwer gasesunplydines R4 iand 24k erpfed datoghe fiftgmng

i nter micgt SBLS Mot R gycgplifﬁtengaﬂ;&@m’ﬂ RE aﬁ(ﬁﬂg)%nﬁ%zfsﬁ&mlﬁ?{h@%uﬁgt%%a&f%@t ed

with inpurities whi enefitting
2011/ 08¥pe2eaSThhydR UihO 208 &l Bcetl hir a Pokitivh e ckecridal lg di gt antthadutidn@4®@pf | mal
filter itlrlleqlo%\];efr iggl:si seu?)%Yy l?r];e ié&e Tgr{eaur;)lfale? gn ogvie;jl gatljses%pialsy 1%1%? IZ%I grqd 245 may be fed
into the filtering chamber 100 in other forms as well. For example, the gas supply lines 235
and 245 may be fed through the bottom side walls of the filtering chamber; through the floor
of the filtering chamber; from the top of the filtering chamber between the airlift pum'p 132
and the annular pipe 148 and through the channeling member 302; or from the top of the
filtering chamber but outside of the airlift pump 132, the annular pipe 148, and through the
channeling member 302. In whatever manner, the gas supply lines may form at least two
separate paths of the gas supplying system 122 that terminate at the lower portion 102 of the

filtering chamber 100 in which one of the separate paths terminates at an upper position in the

lower portion 102 of the filtering chamber 100 and the other of the two separate paths

12



[0058] Intermttent airlift operation may result in an unacceptably high
turbidity spike (or brief increase) imedi ately after the initial start-up
of the gawof2bovesfioe the airlift operation. An unaccept alpiCe/usemelosans
turbidity spi ke upon each restart of the airlift operation may be caused by
(1) blow out at the bottomof the airlift pu 132 or (2) bridging of

gr anul a€THPgies apk lpWempasition é"sthﬁé‘t’WéW“ﬂ%N%a&i[) the fiftedag 91?&@61508, tiepenedi ng
on the ﬁ&ktme(ﬂ{gnggo%ﬂ{quwggéjs%tﬂ)nat the top of the apparatus, it may take

30 m '

upwar ds o utes or nor or the after-effect of the turbidity spike

to pass r t o bl ow,out at the bottom.of t airlift np
1327 S0 BO RO sl RS 1l AR ne 40 etk St B ehidbhton? P

ai rliftthpumme sLdgly(mpasseeh ggitirsd a€khoftysco0f igabiidsd.al kl bthtr GRedIA @) My
cause a portion of the air to discharge out of the bottomof the airlift
punp 13compasiet ikt ypny spitehle gas guehuas MFogere OXYEsNoPr ether iiteblergasesepide32 at
the rejget section 116, as is desired. Wth air discharging fromthe bottom
of the airlift punp 132, it is believed the air released into the granul ar

medi a i bl i [ 51 fir he .gr anuj ar di a, and r.el ease the
i mpuri ti ggwi ‘Jrs?tsg %ﬁgb?i I Beréeérloﬁilsdﬁgif%n%%%%glfltghaefe?’?ll (fr}?rgltegf ’BB&Pr)e,mttﬁeugejectt

degr adisegtiéhel 6 addtthatenteplahit 292 mayQ0a0Y1 the itiegaind mfattétacd lor eginihtioh of he
gr anul % media apd i npurities between the radial feed arnms 150, tenporary

bri dgi H§¢ &S JrantiPmr thEgas SURRiing mysiemt | Z2sansbroreian onp T meeiF signplselionrthe

(again b - ingdél%%]o LIl | e
once t h%ﬁﬁ?gﬂtxgéﬁgt}%%:%a@% Ia po I?g@egg%v%?egﬁyl?gg) S0 nﬁﬁ%&?%iat h
(causedldy in the rejestseptiorohl @and the cantrdli drtit 20Pemay raejvelreie omesors yfghhleifemt t o

Create ol | apse t he brjdging. . Wen such bri dge col | apse occurs, the
gr anul a{ﬁe ﬁ]éf&’i Q%%ﬁdgfyﬁ’(% y’an’?i’o‘?ﬁ %‘611%\2?0863’%1 %ai"h@tetrd‘bedé?’ t{’?léelﬁ‘?t 5 nedi a
bed. Duhéregselhis 1804 SChirlift FReVehis BE Bhifil4reheais oforh RN BEwWal AR LR aiﬁﬁ’tji a

bed once the collapse reaches the top of the bed, and enters the filtrate
pool upuabblE attthedodeyreadildg oftike dirlift pame IPRadndtepterin@abd fejBit scaivwi 6. wi | |

now f oc . reayk address preventin upaccept abl e
| evel o t%ﬂb@gﬂfm&&gﬁ Elgguf%%ﬁg élz%ij(‘%v reos'{ggr@eocpgfwgn%ﬁag% ?E%Bg?}éet E%H‘?]ﬂg/ bl ow
out at rhéida basheoBofusidily @itrici fhe upwarl ISR.ofAbe dAsERPIOFGR WARh mlddm@ﬁgzng
the blo outt at the bottomof the air|lift pu 132, the control unit 202
may corft§e8l filinate Rehaw rthe,granyias maedia meshesped asbepissyrelernbquid s dhmavie
| ower | 4 i i I . upper
it SunBT T e ForkAiulehitars ) 9 ALHea RS e Sl 15T LT 08 R
out | et apdémphritidsero g8t nRiaE)/ USBREt(s Dé4 a0 pawelar grdiadn phd 1¢jdct ne

d émpfiriti dsefronv\he2fall e

245. Accqrdi 0, on odi.ment of .the present invention, e out|et 236
of the Sﬁ%boélr ﬂ%at a%%ﬁ??@’&ﬁoﬁéh%@?f&ﬂ?fdea E:Yoid aﬁgﬁ 1f:;ge °Ff ’dﬁ@rftanﬁlgéP 2{q on
than t hestQett thetupddd @fse tdTethk OWRh 18RSd SMBALY thd REandfR m&NE wWsha' ifanys skill

inthe art will recognize that other elevation distances between the upper
and | owevwsigggmosg hen pormaleluiddlovhmte thei rsjegheastioni As a wawli, the et tlownratd e

spirit . t. i.nvention.. For, ex |l e the vertical di.stance
S ity A e A R

[ 0062] il oot sekiobnand ROcl& € inthie Ghlle€ SbcBibn RHO Gl aRB Abéw: thevsdir SENGF 2 gas
burst to the upper g\]?é supply line 235, and then having a different gas
burst dieIechsachen | AltBpughabe sollpvips desseppamsplapgs the senger shoye threweiad I iy st s

throughyd f’éﬂaef"sécti?ﬁ §0§, HESerRUPROY cdul ﬂé?na@i%lé/rbcfggggceﬁody é}ﬁ’lep%ﬁie F alNGeikppPer
gas supply line first), t%e resi stance caused by the granular nedia wll be
| ess f dheialet safion Hé9 gam thupptletedction e gas supply lines, which will allow
the gas bursts to rise up through the airlift punp 132 to the top of the
appar af@s0] ThEkombnayion @f dhe sengér Ml dWnadt bk cgRde Quhfi@ired e cliedtivery &fd t he
be reduced, m nim zed, and/or elimnated as conpared to a

airlift pump wll , m 2 1d/ ¢ ) : )

singl e Ca‘ﬁgmgﬂ% dsterming the denth of thediquid erllegtng i hosgpctascton bifasdhpassesor
addr esgiaant ARidf 1748id e 86 QEHRT 1TCAbERM 1b BRUEbb B AL HE S LNG 3 al
feed arns 150, the control unit 202 nmay recefve one or nore signals from at
| east comraruniowidl sffersively, andosentiohoushedgeasnine i Jistages 26T GNGL 22 froanthe
control _the (g(ﬁer tion of]_sft he%tagt ?rratigto[v.al ve 275. The at |east_ _one sensor
may be FHE LThOIPC Bpisr sUERSS b aniddlawipe sBeniae reectvestionwerr 417 infe theej ect
sect i 0Butlet@edtidnO MR sehdr dff/AfetantBri¥dBicNEVel FraR QIR nYr thitgs HERALY S; ofEedi a
is being transported properly; or a pressure transducer 265 provided above
the feed pipe 146 in order to determpne the current head | oss for the
apparatus 1. The automatic val ve 275 provided on the outlet 120 of the

rej ect section 116, whereby the automatic valve 275 can be configured to be
opened and cl osed at particular points in tine.



[0064] FIGs. 5A and 5B show a control nethod for treating a liquid
containing inpurities that incorporates the above approaches for reducing
bl ow out w0 2heskboet om of the airlift punp 132 and reduecmgskoioagiing of
granular media and inmpurities between the radial feed arns 150. FIGs. 5A
and 5B correspond to a flowhart show ng the operation of a control (e.g.,

per f or ndfcthpyvadls ob thsLreiset sashiam Ado abevsripareectpednaweisd b7 éas ssan i EKp)tosr
r eadabl i - - Chi r i ¢i_ng. jrbursts to
br ovi de FSFL e WER 107 il AERGE! HNIEE Ay, ARl HaiblE SBLORRT bR e ona
wat er treaimedibmete tcglindnivab aegdoS3bilt diraymicesemset fom Peppdrf-atudky, mvdgr eby

val ues are s r e i ead | oss (nmax_headl gss _set point, the
def aul t" %?woﬁéﬁ@ﬁ@%\(ﬂ;g}é f &SnSgp carypr qurér?cﬁég R q}&éRUé»rWP’@h can pgo
neter tRpkd ihidandebarditunket i Mg seadr BBo id %ao‘ﬁé@ﬂp{lﬁywéé’liﬁli(tg'(g‘g:]s{ag}?ﬁi bg‘;t

water for a one WO 2011/084172PCT/ US2010/ 044103 neter tan
poi nt duacksé 240in Bl tJalthere isanuadvastagh thas, ibet wpemtot Or admirestravdr shatldrramad 48

i nches qof . Lhe Ximumti.ne bet filtration (e.g., the default
setti ngoqc1 8%%%1%15 1408 Of gl?e %{ﬁcp]fcf%lo(} af eﬂfeif\ﬁgﬁhebﬁefer%?ﬁ ﬁ%ﬁéﬁﬂ lge,twﬁeé’t SRS hour
and 48 Jooung)the topefliacieyerssectibiBikir(1873s nottdfeclebauhd cieké iflie hafRhPsr the
hours, but the value can be, for exanple, between 30 m nutes and 12 hours),
and theV®ulst- counter before alarns (e.g., the default setting can be 3,
but the value can be, for exanple, between 2 and 10). These val ues are set
by an dB8PHtBre emtrghinini262 maayobe of canmunisptéaoratfusexbmpdn dlecmivabeongant,ewigtld vi a

a conp r _kevboard or. use, or b t.her i t, mechanj sns. Dur.i ng, steps
23100, B8 &5 S%f%ﬁiszqﬁn?/ or ,gaﬁﬁafvﬁ¥?ér2&518ﬁ‘€n’% tq SRE0) P BROWHIOT ADPRBE |
st ep S3ttAsedaAraltiey pasiabp§ing SsBIR22EHtd theilBkgchembaotod MEheddnkdeBbit Wat er
| evel is _above the weir_ 107. If No, then the process is not required to

oper at ¢02dRY brdn gpEEBEIcatipR\for 6¥PRDIB £tactics! comtactt with the sensep2€33a.@s (@ hi s
det er mi pat .00 i i odi _1f Yese th
e’ pr aegiiPRghds TRACHRIh O AR s HE el B SO FEEANEE e AhoaRaE | 0"

st art i mgietthmixtirrel infthe ogectasettion $UEh Théatnsdr midy gy snlddaintoredi @nfrbbusit tpwar d
inthe airlift pu 32.t owar the reject sectjon 116). In step S3120, the
aut orraftoloﬁ{lwlﬁ]é’p’??ng tﬁ% %bsﬁ@}‘?@dz,qﬁt%w%ﬁ he sepgor éﬁ%@ _C"H&é]é‘h Sbréacénoﬁjg‘ﬁe‘iqe@br st
sol enoimglknirs 2QReHaskel Qvenall Rid@SciShRirt P17.! ael Qindol RGitUR 2l 0% PPl Yy
line 235, and a first tiner 237, a second tinmer 247, and a third tinmer 250
are st &pmeehnitengis dxample elagtrivd cantiebrwith itheeaitgmstibualst 296 thightrpr gssur e
and/ or hi fl ow of val hat is, higher .than at s required for, nornmal
oper at iogﬁggﬁgggrc St atf) oCOSﬁgl %%gﬁ)lu%?é I%Jc‘tcﬁglaég’say RiS gHP‘ég}bﬁ‘etsﬁ‘éO“éla%”ﬂﬁ rst
may be 120. t he range of about 10-100 psi, preferably in a range of about
20-40 psi, but any suitable gas pressure may be used based on the ampunt of
gr anul 3003mdii6. anHoWS HehctRREFRtidafn 2R HigdRBEMRiRRAR SInYBF Al @RScan e SRV

bel ow, the duration of the burst of gas may be varied by the operator or
admi ni $ut Ay dhe confrol anghdWatnl its matied @preayiobe Ifrstap Shabe pulmpow systemi R0 is

second 61..The. first. secon nd thi.rd.tiners.can bg incorporated
Tnto s nered iy M obhes = Aebloing FERC Ban@onlsiing phuied o s Tt R ey
whi ch tioacks the amount of tinme gas bursts flow through the upper gas
supply line 235. The default setting of the first tiner 237 may be 2.5

second$9033ytn ke Sm%?hﬁﬁf_:soz{re b WES AL BE R REpBRLG fikrat '3 dReraflich
setti ng to ang suitable time (for exanple, between 1 second and 10
second8¥twepndhe bgwd dndi grenuladmediayn bdowet powion 02 off thie filtyring rleamiwhnilOn.

tracks Jnt i bef ore. gas, burst flow through.the | [ S
suppl yT?’?g%lggﬁtg& a‘f%};erﬁaognglﬁotm {s?lg'? ﬂ%}g;byo etgﬁaélui%(%?%a t 1%8?“022176 %tebgﬂ?
secondgranblsir niddéx mpebataid, O 1A Mhpbé dafdk, ABYhdLasahsebd fr.change this
setting to any suitable tinme (for exanple, WD 2011/084172PCT/ US2010/044103

bet wee m@4ﬁﬁ€@ﬂéﬁ BANehelPeAQT RGEE ) (or filtRutd)N el trii®ie ARQdTRLHDE 188 BRGK RSN

timer which tracks the anount of tinme lapsed during the start of the

ai rl i f tovese@priqnolP2 of the filtering chamber 100 for subsequent outflow through the first outlet
110. There is no gas flow at the initial start up of the system, but the filtering takes place

until a sensor above the weir 107 (not shown) detects a predetermined filtrate level at the weir
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[0067] In step S3130, a determnation is made as to whet her or not the
second (|l ower burst delay) tiner 247 has el apsed. |If No, the process flow
| oops backotoiivdsei7at art of step S3130 (this determ nati @eQTIUGS20m00@4103
periodically, such as, for exanple, every 10 mlliseconds). If Yes, then
the process. fl ow gioes to step S3140, to start the gas bur st fIOW|n t he

| over g pp I SIlammapnes. ag thes senpsosPhoab OcVﬁe the eiest I?S@lo(fweghlbﬁn Baea

lover aieddbthnihed ﬁlt@cﬁ'@'la)el 'n?aﬁgp ﬁ’}%glltﬁb% %%Iﬂgah e%%?nptlé) r%%a(r%ré}ll fnaho the

| ower gas supply line 245 can
oper at i aouspire mhadl)s ﬁhratfpﬁam paliring oemaﬂieewmo ﬂm)mﬁru:e th@senkboabavatige &bie

I I 245 d r alrl eratlo and a faqurth

tinor 907 T8 Yot Mot e Bistnd &b oRE Bos e gad Sburre 280 ni gh
pr essursgarsdthGtep 8 Ok 4 @Vﬂe@lfvelagdéalblﬂl‘?e bhahlat &ehiagItﬂrlnttH@ﬂ1t¥m§ chambefqgp " ed
for normal operation. According to one enbodi nent, the gas pressure of the

gas burtBtoughyhelewien sesnipphinigie B tateoerida bit 10 therganulgsrreédia AB4 yn fhe fiteriagge of

amount P Taeba0D 15 SioBite M BBHESTRPLE R Enli BRgH Thn BB AP hET The

fourth 1tnprmﬁnesfra@phenﬂly @ne for ikidrs tgak bimsts my%stt faR€ lp$act NBroapw Wid uﬂiertgaﬁre gas
flows througlh the | ower gas supply line 245. The default settlng of the

f our t h PRy lines23 Sr’r}é‘ifoi?em&% §tartzups gt Hregdow mitas Hrovgle thet low e gansuphy &ne at or
be I i

ot weer s 5%%18&33’?%% Fo L TpIa R SELAME 80 DEPICE S GRS bEISAIE A

made asioroalgestdperation, thetgraearfmedia 10dppelie Hiteritg) cantber 108G Catndescehdpsed. | f

h h f to, step S3160, whereby t lve 129
o1 osedt Eaeties BRESHEand i iR b et FBeThip SPirghee. LBy Mo Snsipward o,
the proiRssod ook HRomse K}ﬁﬁﬂmﬁé@, drBGembaéd ﬁQ)fm $ﬁeeﬂ§}1§alb'r:}otf(et gIa%uﬂ?fﬁdﬂ F@“ on

is made periodically, suc for exanple, ever secon 0069]
I n st ePraBreehe Gttt er mi nation is made as to whether or not the fourth
(lower burst) tinmer 251 has el apsed. If Yes, then the process flow goes to
step S306%5] Inbstepetsy thehmjocinpeturel @D taisng Igoesmbhrtrmedm apl infpairgies idofed it the ow

t hrough .t s supply line d\/\/nere flfthtlrrer 252 is

startg&eJe sgctfcinr{lﬁigf?rprglgeol%g%rWOBﬁégog%ﬁlm %‘3@ WelOhv 1 et lﬂﬂﬁ’é‘?%tl on
del ay t1i3n®yy, su‘MHcﬁfiIg b p@etkcn éﬂ‘%aﬁﬂ&%‘%dl@fto tah@?rh@ﬁfuﬁ&t%r@arﬁﬁ&ﬁfe%ﬁ?ﬁ IQReks made
about whet her portion of t ranul ar nedia is being properly transported

t hr ougI?OP‘I‘ién%g ﬂllelﬁoﬂ’ﬂ(ﬁu%gr@@ﬂar rnnéla@ebmued te ghet dirlt fwncitlmamb@ podionjafghe 251
oy Rl St U RSHELE AU T TR 1 e enge

this setting y Sui or exanp
m nut espmmiuniddaon witt ®p s&bhdGutlehE20pfod 0affovf bDVpbRIRADRRE kejdc® nlik@réthat t Of
WO 2011/ 084172PCT, ﬁUSZOlO/ 044103

as gone over the reject section weir 117 into the outlet section 121 in which the portion of

reject mixture in the outlet section substantially comprises liquid and impurities.

[0056] In step S6, the granular media from the reject section 116 is washed by the granular

media washer 134 such that washed granular media returns to the filtering chamber 100.

[0057] After a predetermined period of time (such as, for example, 20 minutes, 30 minutes,
but preferably 1 hour or more), intermittent airlift operation is started in step S7. As
discussed above, intermittent operation of the airlift of the dirty granular media flows upward
in the airlift pump 132 is used to increase the filtering efficiency. This higher filtrate quality
is achieved by the granular media bed being of a higher density due to the impurities that
accumulate and are embedded into it. However, if there are too many impurities, the
efficiency of the granular media bed decreases due to the granular media bed being
oversaturated. Thus, the airlift operation should take place at least intermittently to prevent

the granular media bed from being oversaturated with impurities while still benefitting from
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step S3170 (this determnation is nade periodically, such as, for exanple,
every 10 mlliseconds). [0070] In step S3190, a determnation is made as to
whet her owonreti/@sime2fi fth (conti nuous backwash normal opecatisenodeiiay) tiner
has el apsed. If No, the process flow | oops back to the start of step S3190
(this determnation is made peri odi call such_as, for exanple, every 10
milli se@S ﬁ&%}ltZﬁFck?e‘%f,feCﬁ HEC%%E@§§Pf1PX§%%BP’6%§@§1%y of ts mavdar mpdiabef | n
step S32Qbhiegdeterm nation is nade as to whether or not appropriate filter
medi a novenent (such as, whether a portion of the granular nmedia is being

proper | : (o) e arlift. pu 132 t.h irlift eration
or V\het[?g%]g%ge?%ﬁeﬁlgtagnﬁi #i%p?t}sogb%ll ééslblltol\l} i %ggn atcgel%t%%iy é}l @h%rélrdlt%esgﬁ% {é)ﬂch

t hat a lpeftihasasef irhinedigtelyn uft@rtheliial dtsrt-up afIRO giseﬂowffbﬂmmfﬁ‘oﬁérﬁtﬁdr{t
punp 13 has begr detected during normal airlift operation of the granul ar
medi a i (4RB°SEPR eﬂFViJuﬁ@Ui@él.ty BpikGponfeagh dpiirk ofile Akt pperadipn gpay be

i mtatd,abed bi j Y ot .ocat ed
directly abov}yekq? heou; gljﬁteagtﬁ@ s@é@oﬁ%%}r hﬁfgﬁlﬁﬂgtg%?é%gﬁ%gzﬁ@glﬁ%ﬁ%%ﬁt of

t he pr esdnmpuritienbdteeen thkeadiainfeedbrmmi 30. D@ endingmnftheuolachet of filetel liquid

whet her_.the, ar | ar diais i ng_appr iately lifted or propegl

t ranspdft edtognoefﬁ eeapﬁa?aﬁilsr’tlt IBGYT]B&?(TQ’%WH% APTES £ LEHE 59T @6&8‘?‘25&%8& t he
sensor tB@&rbi@it?sﬁk@dﬁf)@;@m ned threshold. An "appropriate lift" or "proper
transportation” can be the amount of |ift provided by the gas supplying
syst em 05918 rbefd &f bIgwait hdthe Wd i i '
anount s[ of ]i mggg‘?ti es int oaﬁ]g@???rﬁ@??@u%@?3%?82@?%(%{1%%&?ggﬁgl\\égi ded.
Exanpl esedid 184 pndheiinmperities within the ejpkft pungnsb(daasdédoy thenatlnof veteimmpes at i on
of the suppl.yi.ng. system 122 sugch t hat ressure differenti.al hetween

t he topagrgﬁﬁo%ag?%}%lg?y {’{ar}l ° BT &f@ﬁlfllratrocﬁ% ALES %ut\}ﬁf?l?‘ﬁ EOtEPr’bPég}ftaéﬁm ned
range (gingh 133 rhther Man ADexiBRg bOCHREe @p YRR a1t SMp 153 GP8Ie [Lfaer £RELYyeen) .
[0072] The control unit may be configured to deternine that an appropriate
lift id1Ro8s beferredr oWitedr dincharginggiramutharbottedt afithe nodifbeiomg pibpens y

t ranspaql.t: e | BN em. 122 nqa. level of. .the reject
m xt ur gjreg)lggésdl lri%e E)d{v}erreg?a%g&\l;i\gﬁ &%ﬁra?léfagbrg]\?é%ab%\gpgagtsg PH AREUEHE L R8T c}ﬁe The

t hr esh@rahularymbdia saeroease etice impurtids dntst the ditetedohiy i ebsen bk fildere Podi)ng t o
one enbhodi pent ., ttge hreshold may be a vertical distance fromthe sensor to
an acc ]blfsa‘ﬁéadilrég/ F filffate @palty: ni xture passing over the top of the weir 117

or the |ike. [00731 |f the answer is Yes to step S3200, then the process
f1 ow prlBRMda regardiathe Szidging afthagranglpemetiseangd impuyies Yetwieqy the sedial feed st ep

S3220. - 1Sl ner nt by 0 and the
or ocosé Tt au pemiaat ot S BYR Rl A Bub Bl AECRIRNBE pRa Mg AN
2011/ 0§4gdai P@IsedS0he 1 AkAdf0dniadensasir]ifo opératibey may coldipsthachbthiskeiphtiof er

val ue has reached set int or, predeterm ned value (for exanple, the

def aul TR Wagléaf%l’séﬁ%f g‘mﬂa apﬂéﬁwp@én@gmea%pawgm the rewmpEOR@ERhS and
10) . | fair¥@Sopetdigh) BdtoRd ' ' dpRed KoL B

oper at g}r or pgdam ﬂ)l st ?ategﬁﬁ%ﬁﬁ%t %oﬁcg@%?é??l?%sgggﬁw ggﬁﬁagvi‘g? Flg%l %Yg}l%%operl y
t r anspeptlapsseocgnisnticsgranidi metiiarwdgtegoehe “donling tffpetiipo fi32top T ¢cheagranutni2 04

may be _a .continuous hack h filter air]ift alarmin the faqr f an _audi bl e
o e ATRE PR, "R PRCEUET imrharb L o elgare, EorRaft pdptiaS g Relence i
procesollAfRwr@dcheL®ESop Of fetied Sawbéhterk Ahdé BfttAE goél% R%e LS HeGEAHERRE 1N a
correctjve measure to uncl og the movenent of the granul ar nmedia by

i nsti t ddF#Hg Ity bursts through the upper and | ower gas supply |ines 235 and
245. In step S3250, the valve 129 is opened, the first (upper burst) tiner
237 i s [&ted] Dusrugsioe vddf aowt foses tonnbow athe bapparabuss écmaysaddiess prbeentiag L can,

for ex be n,.L.second and 10 seco ,. L.he secon | ower  bur st
del ay) ﬁﬁgéﬁg?ta@%e‘fei\égf“ﬁ‘id&& SE’ﬁ‘ﬁélpaafeS {esgé‘t%qﬂﬁ%; a’&’éﬁ Opgrajon é(g’tl.‘a% Oupgk the
val ue gfibotfoal ofkaaRlift pub® 132l Weedh dppseeater Alltestdg IRCOIBUSIut 2 Hol§mt hi rd
(backwash) 250 tinmer is started. After step S3250, the process flow

pr ocee8t thszalitt pump d32.98¢ gontrglowitd02gpay eentrad ghe gas fhaw shroughutheerppemgase to a

pr edet ) i , i£14.f erat.i st ops
Plncti o e 264 attRloVd 48 susty Bpg 343 10 MOTParbl Al bis LEPRRENER el
punp 18@pdrwiresupply 1atedlBlSchas endatlag? Fothat is RertibdAY hihesthaaitkid didtlet QpebAtHeON

t hrough the upper and | ower gas supply lines 235 and 245 will be repeated
up to a maximum of 5 nore tinmes (the default setting can be, for exanple, 6
total cycles but can be set for a diff‘éerent nunber, such as between 3
cycles and 10 cycles). If the airlift'operation is still not functioning
normal |y (as determ ned based on signals provided by the sensor 200
positioned directly over the weir 117 of the reject section 116 as shown in
FIG 2 or 3), an alarm 204 will be output (in step S3240), to thereby

o o o, o, Y "




[0075] In step S3210, a check is nmade as to whether or not the third
backwash) tinmer 250 has el apsed. If Yes, the process flow proceeds to step
( ) p
S3260, amwioizb1iMs4172he process fl ow proceeds to step S32POT/USR0ISNE053270,
the burst counter is zeroed-out, and the process flow then proceeds to step
S3200. I n step S3260, a check i.s made as to whet her or not the head | oss
exceedslOPRE SHaSHPRYHIRHE - | decerding tenermbedimentias therpresent iayention rthelettist ni ned
time ampigdsh, 1s S8 6, ; [ e.Ld en 5
seconds anel B agher gb SO s RaRE At B Pl BB NSRS,
head | osfsthedgwéregassapplydiheh3s 5 1Pnt bé opdinaywkil tr the st ré6gnipe dvit decbron
the influent pj.pe 146 and conparin he value to a val ue neasured by a
second PrEYsn rdéﬁ?nrcﬁﬁgatﬁ”c?g?t rrgpw 53?1 é%ﬂerogﬁstq_ﬁl@p]ddﬂeétm@f pe eiﬁ@??e“/\ﬁ%ﬂe
2011/ 084haginsg WiRZDIHY QAR cdbe&rdhé filWe%ﬂBh.ﬁ|F0!Pref§|§§1gfeethter\%?§éﬂ is®ince

u

measuring the differential pressure between the in nt pipe 265 and the

out | et Ysityecnithe outiedy Z%Mfﬁ‘ﬂga}l bebetivetralemitt bahchientd ¥t transmitters
| ocated on the feed pipe 265 and the filtered water weir 107; or other
si mi | ar[0fe2sTheoettol cortf 2QQuisatdndigered[ @0p0Eranfméch e fieadehd asgmxnesds thbe

maxi mum head | oss zet val ue thﬁlg 1 he Etgcess fl ow proceeds to step S$S3265,
wher eby!PRE &S HRPYS At ety B HEERT ExsRurttEntShe IOLE @Y SWalE ¢ he
maxi numideeadss | B3 stugddide @B hak NRikstd RGoREIP SRS Siiftbremy Bi0 1in€s BHRR ga$270,
in which the burst counter is zeroed-out, and then The process ftlow

pr oceed®mHAR kut of hreeppergasuppty line firgadhd tesistagoe saused boxibe erartubee media num

head | Qs$; s€et..V, r. nore than the predetermned ti nmount , then the
procesg’%?]l %ev&tefjsr%%:glz g € asstsg%p@gig&le %% SEP@B’ it @&@Wénﬁﬁﬁg‘ésﬂ%ﬁ et?urqﬁ step
S3280, tbhizewsl thiwugBihd sirleft pamg,13and tike ®ipdfithé bpRiatd®3. IThiswvay,t £disrupli®e Si xt h
tinmer ﬁiS rrafy be a reject stop delay tiner with a default setting of 2

i nut e RHRE BaieoYpel dicoPotbemaefnihsi dirkifhmmmeyillpke sgslused,ominimiggd, hi/er

setti n%lihﬂn?g%%%ﬂrﬁ&?é&otd @gg%%pggm{e%ﬁwﬁﬁ?e%gg ween 3 seconds and 5

m nut es) . I'n step erm de as to whether or

t th Lt i . 2B R | de o
e Rt e NG
per i odithakddyal feedcimas],SOf e @xenplisit 26V tay r#6ive bid seRoRISInald froMes ledshe

process flow proceeds to step S3290, to close the automatic val ve 275.
Dur i ng 98¢ &pANaES $oRsOEss samrolthe gas supplydme systen 432+ gngnsamiral the eperatioarafithel out .

At st eRyRIZAR vahle®P SSThEP [E[aﬁl {de sénso R gegléezg‘%g&{ %?-E(})tﬁﬁﬂlton@(ﬁ Girdddl above27 5 |

operation) iIs carried out. [00/8] In st automat i c val ue is
cl osed thawdira lifef thé regect 36etionel eierorfiérl to rdateicoto whethéraa petion Dichdrgrantilaner

254 may have a.default setting of 12 hours, byt the_operator. or

admi ni g‘ﬂerdg? bsrg‘?lrﬁ%/ URRSPRECE AP aRGE HrFﬁSEresté’[‘qSHH‘gert 561%9“35&33‘5‘[%&’9#@ (such
as, fopiRxXEIEih@rdded WBRANDE the ElHAS héddd odSfob MY dpharahl} ST ER: RBSRic Falve
determnation is made as to whether or not the head | oss exceeds the

maxi muR’Adagravisied ondhe guileit! 20z0f e rejdct yeasiontlié, whereky thef dutampticovadbetid7 hack
PR L R e R A T R B

determnation i Mer 254 bet ween
filtrat] el aps |f the determ.nation in step S3300 .is No, the

pr ocesib(?@éﬁéf'o%ggﬂg%@agk‘w& (?Pgﬁle@:%’gg.%of frepting g B PRRPes TMRuetieh
S3300 itlsat Yierpdrites (e ABEESafprOWhEY R 8RS Rtk bat fUBPboIR Bf thRtifik§RmpL 20
the gas flowto operate the airlift function is restarted. The valves 275

and 12934redgpdisins bridging of araqulgspeedipund tinpuritiey borgen shes taslial dided wimes

250 11 e 105 4 3hg 5B, BlesbbiEly EpylsRod sBOKFEESPrkbp 5F scelis ¥ er op

S3110. peM@ndl by 08 4amPECET / ruag 0 @8pA@r program stored on a computer readable
medium such as a compact disc), for providing the airbursts to provide for a better (e.g.,
lower) reject rate as compared to conventional water treatment units. In step S3100, a system
setup is performed, whereby values are set for the maximum head loss
(max_headloss_set_point, the default setting can be, for example, 30 to 36 inches of water for

a two meter tank; the default setting can be, for example, 24 to 30 inches of water for a one

17



[0079] Fromthe process of FIGs. 5A and 5B, it can be seen that the
initiation, maintenance, or termnation of gas flow nay be carried out
ei t her atwpnredeaserxi ned tinmes; in response to an out compCofUsaridei4ansm nati on
of whether the portion of the granular media is being transported properly;

or based on the head loss in the filter. If the initiation, maintenance, or
t er mi naPFi§htask: Buisthe seipqint camrhe @y Buiteblenvaiuss seses I?%Wafﬁl blinchagobvater

det er m pat4 c?qﬁcﬁys omtt&' rthé Gx Uk 1A %ftwééﬁeﬁlgrraﬁ%wé ol settt’%' Qg
transported properly, eterm nation na on an - anount re ect
m xt ur el hourlsr,ebute]leczaluse:an |brenforrexwm|ptd1 betveeearrbhmir am‘d 483hemts), nhexbwkevaslm t he
rej ect tsect(rﬁ S gﬁgtﬁ] m .ned B t he % s% S3200, and t he
amount R (e-rtBs 4 SRS &1 Re PQUFse PREtheya |C6ﬂ B gEEarisnbeveeyé of
rej ect rinktddlaBd flh@l%ﬂ? @8he bt ERINRSG beBl rala%z (e.B BR. de%'i‘ttsreﬂ Ptbe%oz
controls the gas supplying Sf/stem 122 to deliver gas to the gr ar nedi a
104 at bawéheovalypeaa tepfarexamples héthicen 8randtld).i Ahésoivialuss apr ey bntn bpend‘gxr og of

the gr 0SS jac nt .fee e one or, nore
inter vgtalr?%H 1{3‘13&%’8 %ftr%g é%ar%tust hP R dse ng%%({ YW&CO&&“&?%%%@%&WOP& 8T B¥t ween
the feedhdriinputanethahiemki rtsttnngtaté;gtsshb@ SB11bystees B S ahd 280rdhatiGdates m nes
an anount of reject mxture in the reject section 116 by a level of liquid
f1 owi nFaBREOUhe reject weir 117 or by a predeternined time interval.

[ 0080] According to alternate enbodi nents, either step S3295 or step S3300
may be [PBeRVia¢teprBrhl O hedgemeingtiono nride;as sBwWhEer exartphesIBEG wBeslveslds an

al teratj 5B.which is t exce

A Ty T e ‘Er% tBF%éhespsm"?sﬁés %C‘B‘i“qugirtoé’@&r"\%a&Pg s SOBtss o

pr edet éoopsriedk tto R EHME bE step I3 114 &hist degeriRsdioniik ilade Peribdicsly), RecOds d
granul ar media_and_inmpurities to form bridges between the radi al feed arns

150 woul oﬁeﬁ%nqséd&EXGS theth the pregess dlovegpes i9aster] S312Hido starrtab@tsmarlorﬁltemg 202
control e S r. di a
(oA e e PRI DS SEMRL ey SRS MEnt s OSSN

t he gr amuipal32ntederlsdbe ogst ad;tlanemﬁ) fhestﬂe;asm;zo;tﬁﬁ au’tﬁih@aticﬂtaﬁfem?ﬁtle hpened

oper at i f S yin stem 122, redet rmned so as to be
suf fi crtg‘ht’zﬁ %Hgﬁh\gﬁiﬁ ‘F%B Rt W?tds@i l‘gﬁgf’ t%ﬁﬂi‘ ¢ SR BV 10410%¢r oss
adj acendtoftReGoRE BBs skpBly ey sC Qnd Derd el 957 WebodP@mbN A LIRS a Bnitd figkr t hat

tracks one or nore tine intervals between the intermttent operati1 ons of
t he ga2S8uppbtgitedy $hewanbuspmakidetarghoniemed gapberst pivkigh presswizl andics high

suffrcr iLbiht or_ prevent ing of the granul.ar, nedia
or ose 10 b RS 1o s bR lhp SnaB <N oL e BB ot ARPHIEE e
proces %nib@diﬁheﬁit thB gakiprbssue dhetheSgRELIRS Inh{EbeSB B GBide 6f BFOUPIBONI Bsi,
renoved. ThIS process would result in an intermttent airburst that relies

on t he PFefee tYrrnH’eraagq okabapt 2¢r80psiaubnyoswiteble ges praspure arayshe ysed basgdermt i on.
WO 201 P 4 8

Val ues Snaroaany Saraaeypd SR SO e R Bl (BTN G s o
exenpl delpwi, i duretidraof ﬁme boifst tolfiigas avak ddivaeied bywhe opdrytod 0L adrhindsttorgbyt aski | |
in the artblvm |1 rec i ze that ot her val ues may be envisioned for these
vari abF&& Wsefwﬁg %tf}HF‘htotsll@yéﬁ‘ior’f and scope of the invention.

[ 0082] The cg‘ntrol unit 202, which carries out the process of FIGs. 5A and
5B, may0U08] dbedirsts sacend.mpd dhird Bmsesoirpednearpargiadsniogtha ceretml rait. Fhedistsi ng

unit ( , I g]@?\a Sy

[ nput/(%ﬁ%%uztﬁlr%t%g? gdgelyrzﬂlﬂég |fs)t(ntt er acel)d’il t%l%gggr%t %ﬁgﬁﬁ one r(bmﬂ I'mers.
Al t er nétrowgi ghe@rppadghstsuppﬂallinp 235heTheadefaudd settivig ofithy fivet tingrsA37tibebe DY a
pluralit oconputers. .The contr I n|t 02 conprises the necessary
har dwaFeec\éﬁﬁﬁlbn} o‘trte%‘?r oty RimiRIsiratop mRay; Gesatle, i thapes this setfing iyamesuiahle For
exanpl gmet(hg ei%bl\;éﬁb&w@@ﬂ 1Q@co?ﬁl%h@qOgecﬁdg)anﬂlebée@om&bﬁeﬁﬁhfF%S (Wfé} as a

DVD or a CD- ROM ich is accessible by the control unit 202
Besi deBuishéelapomer whish tiablsitha pmovaicdf tined hefotehgas borst flow thmiugh #@dower ga';scel ve

Syt ont I BRSOttt sHERR or B BB bt TR 2 e ByBthel "

secondompubﬂaﬁdidmﬂimsn’aﬁ)r ussbefable tadﬁla@ge&hrsgsettmg t&ahF8iif8lcimd (BREtAfplgEdi a
and inpurities between the radial feed arns 0, involving the use of one

or nore cutting edges 152 on the top of each radial feed arm 150 to better
"slice" through the inpurity-laden nedia, which will reduce the likelihood
that the bed will bridge on the radiall feed arnms. The cutting edges 152 may
be each fornmed by the intersection of & wo pl anar surfaces. The two pl anar
surface may neet at an angle rangi ng from about 10 degrees to about 90
degrees, preferably from about 65-70 degrees. As shown in FIG 1, sone or
each of the edges may corrprr se an edge of an angul ar prr sm such as a

v oy oy T



WO 2011/ 084172PCT/ US2010/ 044103 100851 FIG 12 shows an apparatus 401 for
treating a liquid containing inpurities according to anot her enbodi nent of
t he presewD 20nvismt’2zon. The apparatus 401 nay conpri se aPCirlusesiongsiohanber
400 for accepting the liquid containing inpurities, a filtrate section 408,
a reject section 416, a gas suppl system (not shown), a control unit
502, arRetyeenai é??ﬁnécmld libmendﬁhéﬁﬁ irdrtimer 2¥0amiox bespbagkeash diser avhieher

P ui T ay ikt a%%%dm%tﬁ? A AR F ™5 has &

por 1 ono40d By s S8 a BlupTRR n Matb iy KERRERERRLIAY Risohalefier SRS

filteridupy ham@m Ay ck@sanyIfNo, tthd b cedsadew (1&113@; fbadlé to Eel $tatk BF steh IS3RRGUI ar,
or ot her polégonal or non-polygonal shape) or size and the conical shapes

may be (HHY deimmstien inayde petiedically, spsh am fanexamapleseywesy 18 wilisacpedshurtber of
lvsh
coni calygt ARSI B, oéégahﬁ%e@léb 35@”2 @HH@% %t%ilgb gass S 180758 She o&ﬁ:& §a§)r

more. The filtering be i n nmuni cati on w
i nl et 40fplydine 245l olw wép BAT40) et v:{h’/e 18 @ ¢wHicharah dierd lmgvdr rUsrsti éenodd) 87 1

The first in be n.fluid ni cation a liquid source
( suchI Lpegt ‘?Jegoe‘?r\?gfrgas R t%ﬂﬂ‘f"glf“i? FthT‘ﬁu?rijgaéog:‘}PE}iym 4%&&‘9 ithe wadve ThHk
l'i quid (Wch%n%%ﬁ%%ﬁ%pe%tlowf%%om ﬁﬁoﬁe%&f {dt dr@Ble chf?ﬁUduE §§§ﬂ9®>{m}8€f any

undesired material, such as dirt, waste products, oil, gre or ot
sol i d, lewsi gasoiupnly liner43 dlqmgjnormal blruﬁlooem@nn,aandnzafmsth thn pu 2 mgstmedt em

b h I d,f t.h o the fir i nl et
700 1+ VIR brERR0RE R shOF sichdieR shisDPH S prestite cndBb bR A b witsh ot o
i ni tiatiehipher Miah Ahat i3 kQiirdder hbthd obk@roReAMESAIdghS dnk GrivddsRsH: CBe 3B t he
filtering chanber 400, such as a punp, a control valve, and/or piping or

t ubi ng.Presaererqfrthe gpmpwt WY ey the Fmee b abpwul Q1% s, Prefesablytin aarangedf pi pe
446 andygn AAYLA! vl 4 sﬁﬂtgm&%ﬁ BASILCE Bl G w20 3RS dacﬂldth ARt Bﬁgrqn&w or
pi pes 450 for each con cal e ein Iuent or contarn

i mpur i meka asd other qebuaeg atl dels‘ngntcoms@eframh 'ﬂ‘}eefdurph pmeéﬂﬁyam:ch lfolw@wsurst

downward t hr.o ach annul ar. pi pe 448 atroun nairlift 432, Each
annul aﬁl%?rwla%ga&t eapagntHf ti?lﬂfggatsék“ésn %\-‘,ggt &l Q“f?rﬂ%?‘ﬂ’l’ fttat™on
Wi th i tgefear §&§Ip§ml thg foaplhadlm&e%l%g'f HeSQb&HCf@ &b&&dst Gt |thdWplratt or
introduced into the bottomof the b granular nedia in eacﬁ coni cal
shape taﬁm@ugtmt@mas be ﬁbls tohangdithib S¢teegi tmansssmtﬁbletthm (far exapgde, betwdeavle

i ndi VI %J(%J %ngbrggs ong their longitudinal |engths on the sides facing
t oward tom hefiltering chanber 400 (that is, dowward in FIG

12). on ns for the.inlet are conte Iated as previous]

roni i e 18 Mep 3R, RaRidnainatifieds et rto pyIICT O 1b 6L SR ARRROIaY
nedi a 4@fkrion7ty er C m pl WEVSEY tion
and thefﬁlfjelr 23|7dfal§ﬁfa¥;éég fl:mgsgrdlﬁﬁg halﬁ’g%?q%gvogﬁﬁggﬁow@llgogﬁ u vva?lcfd&cﬁj‘%gctl on

such tH3Pis vleﬁezlaplsﬁmﬂnmmpﬁv 20/t uiB3 gaheunpipling 28 &s HéNe, thepowess f rom
t Pe ¢ L;glékvglr?ﬁigar %ﬁft}l g sgepaéwllS%r(thls glet%n;[u%a rr? flsur(l:lgdc;c Il)clzrgorda caﬁy, suchhe, top
for example, every 10 mllhseconds).
[0069] In step S3170, a determination is made as to whether or not the fourth (lower burst)
timer 251 has elapsed. If Yes, then the process flow goes to step S3180, whereby the valve
130 is closed to stop the gas bursts flow through the lower gas supply line 245, and whereby
a fifth timer 252 is started. The fifth timer 252 may be a continuous backwash normal
operation delay timer, which tracks the amount of time before a determination is made about
whether a portion of the granular media is being properly transported through the airlift pump
132. The default setting of the second timer 251 may be 2 minutes, but the operator or
administrator may be able to change this setting to any suitable time (for example, between

10 seconds and 5 minutes). If No in step S3170, the process flow loops back to the start of
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[0089] The filtrate section 408 may be in fluid communication with the

| ower portion 402 of the filtering chanber 400 (that is, each conical
shape) fowonetwgisvi’ag the filtrate that has passed throughTtuseoignasios ar
medi a 404. According to one enbodinment, the filtrate section 408 conpri ses
a weir 407. The filtrate that has energed at the top portion of the
filteriShp cHAMDthiactstespinatiopy isr made Regiodicaly, sweh iapt éort k&amples e¥ery $@ct i on
408. T ﬂﬁ&k&ﬁﬁﬁe section 408 may be in fluid communication with a first
outlet for outflow of effluent or the filtrate. The first outlet may be

pi pi ng, [ 0 eGl.l I ' LRLN r..tubij be connect ed.
Foboo) 1AM A %uesl 3 B GbBaich 1 il B4R, Oheller et o B i RaNAGE
por t i ortmck®2shodorinabopérhticar delgy)aiineties elddSed.t Mo, the peaeks flowilos)s takRpe) for
receivigg a Bﬁject m xture containing granular_nmedia and inmpurities. The
rej ect Besertaisterals 158 Ghipdeteaminglorys hagepqriogisaly orish 43.6for gramplsy ewsat h

coni cal r | hcation can be configured
such t hle(l)tSIJﬂ gg%goéde%?\ggft@ésg’eﬁzﬂte?’g%c gﬁ%o‘l;? ?(l)(%kﬁ %isg&mhi cation with a

corres ' I.f &4 : j di ' coni cal ne. . Jhe aj.rlift
a4 330 0" BT 10, BURpebR T uPoa b SRRRGEANG Rop TR, L0 Sl

di spos eﬂox;vjdm@n (aich:ais;‘ tvhbthes b rp@rtiombf:fme(g'ranﬂlmlr ﬁh):diias'(sj BieBigosrefer N ﬁhﬁk%ofté@
correspondi annul ar pipe_448. As the granular pedia 404 in the filtering
ChanberNvEN de @gﬁ&spm) tHé Wom%}i‘l&?dﬁp?@é‘f’?dﬁ Whether sppronrike ilifpisr peings are
removed, 548 tdend iofinfhr %&iy%ugﬁ %Hf'f?‘go di G 6{24%ra&ﬁ§f niddf: ROLLATLREG €ach
coni cal’ shape, a small volune of conpréessed gas (Such as air, nitrogen
oxygen,though He diflite)ums 132)thas Heoedttated deingotormal oflifeapdratomnifahe gehalpe by

th M t to d t h | dia by .airlif
oper ot TotE i HeCdei Bmp 80 vy 95 el MaORt s whtOb Friaeanahf et punp
432. Bym&hehrive@Bntab delBteddS, the B&hsSL20U oRatel ik Mdvkithd r@eiiRedion! wepes

any inpurities attached to the granular nedia. The reject mxture of
gr anul dd7medicsording & ngdgyebpdimprtr pf ithes pesenic inveniion, athdi ¢anjrok [vaitr 902 jis

pushed BN n 432 I nL.o. | i ng
For oot SREefIEA 1S TaBARB BRI Liblihs AR i B6nf MolBhfcl) RuBEL BIBRIY.
sect i onraasgbreed inuhd eirlif @ainpolB 2t hyatompaingsodkaisedrehdiam fema thotdnesr 200 @ aei r,
simlar to that sn%/n in FIG 1. The reject mxture that has enperged from
each aifffdcamngdhiesholds Ameppegpriaicdifbt O duapeitiansartaonm cambe tejamough t he
i nl et el ; j - i 4 t el Lt '

1 e e R S R B R T I
rej ect ofexcessive Timeuntst dfeimpedics cimtoofthee didtnate eftleat t is s bodak thmowph inegvoaledo be

in fluid co nication with a second outl et. 420 for. qutfl ow of e portion
of t he ERRO Bt ZRPEnEAal 1 PROR Sansvsaiohaoeriudy rebioBnal o BT 490
may be sa%n'ymﬁrsgstem@zrmch Bfat 8 fﬁ@ﬁ'ﬁf@@iﬁﬂf&@nﬂi:ﬂ beheeh tid Rbned YottbiMBe p&Y be
connected. The second 2 WO 2011/084172PCT/ US2010/ 044103 outl et 420 may be
connec o8 granylag megia sriwithia apiedaterainasghrange twah po 0.5, 2Ad3 G pshes efiwatar ar

simlar i utomatic valve 275 in FIG 1. [0092] The inlet
sectioﬁn%?ﬁgggﬂuggf%g%mzection 416 is also in fluid conmunication with a

I | ar. di h 434. Each | i her . h
ar anur 10 1#hdhs SR i gy bR R ER N S deriar, PR oBiaERts FE ‘S rgeE -
si m | aprdvadddngdr B QMImilar Md@iaeiRs i veRiy pﬂfpeﬁ%cﬁnsﬂorﬁa@g b4 thie! 9 KPpRidL) ect

section 416, the granular nedia falls into its corresponding granul’ar  nedi a
washer systamy] 22 thengy denel aaf thedieiect migture mpssing dveylheveaiejldétisishoueia i es

t hat I m i vant.ual | ur,ed over
t he m:?%%g%gﬁghg9§%§£§g¢0n géﬁ%ﬁ@#hi@g?ﬁghgn%%gﬁ%@%ﬁnﬁg i%gﬁgg%a ggﬂgbmn

t hr oughkershe aooglivig tocosd agdsdiafengahd tigestivld ataynidh avevwiiahaist#hdd frohh ehe
concentric stages y Si Iy conprise spiral flights around its )

cor r es poRET WpnAceenttle fm%ﬁo FSIECt AT PagsinghoY s theten oh thesv i S EAer the lilewn t he
concentric stages, it encounters a small anount of filtrate noving upward
t hr oug0®3E At the sraverds A es e fiephB 2P athen Hie reersa flowt preceedyie §tef>i543t2?@tt in

t he washe ' ' i ff ce. in liguhd I n. the
1 trans fny i phdocld PN rBoeci0ls Seb 32300 Ta,soy 1220 bEFaBfbRRa b
heavi eincrananakby gnaand dre prechisa flbivopye cdelds avigiep ISBR30.s mstkp SO, @r chetlt fsent
flow while the remaining inpurities are carried back up to the reject
sections 416. The washed granular nedia returns to the filtering chanber
and is deposited on the top of its cg&aesponding granul ar nmedi a bed where
it once again begins the influent cl i ng process and its eventual
mgration to the bottomof the filtering chanber 400 (that is, the conica
shapes). [0093] The gas supplying system may be provided for delivering gas
to the granular nmedia 404 in the filtering chanber 400 to transport a
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WO 2011/ 084172PCT/ US2010/ 044103 chanber, the upper position being above the
| ower position. The control unit 502 is configured to independently
initiate,woabnt@ikri2 or term nate gas fl ow ng through eaebTpmskoioni4ipat hs of
the gas supplying systemin the manner described with regard to the

enbodi nent shown ip FIG 1. [0094] A sensor may be provided for determ ning
a | evel™@¢e ?Seﬁoe‘?fli‘etﬁ?rx(trtﬁoé ﬂil%{"érékFP‘lné‘ireVélues@étrF%ﬁli‘e&f@ehﬁﬂméo&BW@F@fm’@ﬁﬁit 502

may be RIUTHEdahIC ! ddthult B8 GRAGABAPIO 1 VUG RR SR SEebAGeane Of
nore signals fromthe sensors. e conbBi nation of the sens%r and control
uni t camdbt0)coHt Ygurtheh tan addrire204 vueloperated inostep 153246 Ity infetraran ogerstoe or

di stance_bet ween .t he, sensgr and. t he || qui the reject mxture assi.ng
over the et a0F ﬂil%tgth% &f‘rflgts%eﬁ%foﬁgﬁarsefagg‘!tl _q% é’E?I?G(SIH. '!r?i’(?l??ﬁt &F?‘l@r g IEE _r'TBe(lla
enbodi ri@fdughtthe afBRSAIMRNS2.COMHer ShrtiR04 iyl be af doRBhh KR! BacRREsIE AR MrpYs! Y
determ ne the di stance between the sensor ‘and the surface |evel of the

|i qui d FaBwinnge duar obgreawstible plarmegndar asdsual alarmeilf the ampeersis AsostemB3230e an
ul t rasag] enso. at. | d to one of the ||'s of
one of RS tedEiest BBAPNERES BERSEE 000 o deaAE BRI  RBReEn L85 B Vel
417 or mtdsachedircipg the noweneapofithenganula medib b4 lidstitised hir Aorsexhriigh thé a
sui tabl e seg{gﬁg) may be an Elj,S mm di anet er_cylindrical anal 08 out put

ul t r asgHPE" Srer ﬂ?%?HHi’_@b B %i‘:‘ﬁ’s?‘_‘%ﬁ’é’rwm§ﬁ%‘é¥ theggdpe 1 ! erepedytthe The
cont r 0! i upp@0furti¥ink® 267 i€ URHADY 'Rt JoBing VAR £5 SLAHHLI KiRlne PhECt
wi th the gas sourcé and/or the gas valves to gontrol t he anount of gas
bei ng rahefes esariplonbd batwgas1 seqopt pindd0 sysinds), thetsecartue(ldwérttarritniglagyh dmeer

400. Thg-contr ol it 502 also is in comunication, for ex | e el.ectrical
cont ac{h,%’]vﬁsﬁjia eéicﬁﬂgéiﬁga(’)’ﬁ EHEs C‘E‘bleeQCé?WBQiziﬁB’ﬁéﬁ% V@i‘l?n?qnhgg‘géwlg’ fd

pr 0Ces hetiieen EERbNE Bnc 1| @ B&doBd$)QaktPih third BoadchRadhyRY0tinR i§ §hRES. AXt HES
passi ng over the weir of its corresponding reject section 416. For exanpl e,
t he sens@PO0-rthY Picessi iy pigcprds baghioctier®hl e scal ed into the control unit to
continuously read the current distance between the sensor and the liquid
(r ej ectl00T4H By eettinmthsibuest cventert Yrdug ) epredgemtinahsaupoint vEuensuches detvemi ned
anount repect mxture in the section he control unit 502 is the

confi gl}frljéealrﬁ% RSNy Irlrisﬁoé’ SRS aProBFHly ng}ortt{l'ug %?I&ﬁ%ﬂ ’élteglﬁeth{oélggéﬂ‘ﬁg
sent t hiidifigpurhp @ 321 (whie tit BHOWR] BB Aol &O! tHRNIRESHIsPRIrlif dPpRlMHSnRALRRESH Ithe
transported to the granul ar nmedi a washer by the gas supplying systemfor
each cOWPEANdSINYSE gas SuppbSinesys Scapdt245| willnbe repeatedry to panarimuncefoy tiongy t o

t he pr S i - BB, r-o, S..Qf n ' 1 t he

pr ocesaiy reBRyl RebhBun B RF oI e G0N 3y Bs B han DAL Brdiftbechlc
appr opmuatber,f sucheas bediean rfocectentand sicByélss). alpetet niehft afpetfidngisasill apt medi a
i's not bei ng. properby transported through the airljft punp 432 by the

ai rl i f CURSORDg normally 5 1ngdebaseq pn signpls presaderyby tsvsead 208 popisiogeanul ar
medi & SchY Bl (e R 1 0o Ofhe trBiBcAcdt |

2011/ 084172PCT/ US2010/ o%(iosetrf%aﬁtg%g?"t’ﬁeg[? %%‘8&‘* i ENE2 pr 3 an slam 208 i
one or withrhs @ftputi{a siep SB240)pionhsreby tieforid3AAPeratorFir@imimiBratér obdthe Apilurehe
cont rol g%t[ﬁ%g% maag@r%oceted to take corrective nmeasures as outlined in
steps 83228 36° A6°UUNG TEBYSS in FIGs. 5B, 6, or 7 for either the
failin jrlift p or, alternatively, all the airlift punps. [0096] The
cont roﬁoﬁéﬁ {n ?E@Q,SL{X\%EPC%C]& (15 &adg s te ipdhefic Ca g6t Bie thyrgdbackwaghyfimer 2

FI Gs. As anfsd. OFf YdsCeh &8410%) prdBY ol bR i ' er
conpri sing gs centralS preo%?gsi né) ulrﬁt (d(%gg)s?ébg%ieégd%gﬁﬁmﬂgwglﬁ%&%wa

r andompaeseedsstorstapo$32 70 RAMptep i3 27 dythe burst puintérris eetbad-eut, brdtliegrecdsadley, a
count er, _and one, or I i per.s. rnativel r additionally, the control
it mirroaosdat e oy satey IF R arCyt reoki ol b it wheoertas he Rerd Ui ¢
502 congsiexeseds e RRKABEAM Meal AL HodtValic FRTHVR! Bah A FRAENMmAME Hinke
functions disclosed herein. For exanple, the software nmay be stored on a

t angi bPBOHBN (-8 dewiiniée bytican s anyDvbtable HmErsURDMS Wiivern i5s secotds shdl2e by

th : ' R - [ h h
Fadi al TPRga g b e ek ditf sol Hol BEWE tunBREn BAR V ARG BRI .
channeby iib) the ptasare sandluaa Ad5girosidedwn the ifl@nt pShd- 1918 00 cbhiparind thd-vhAfe.

to a value measured by a second pressure transducer 266 provided on the outlet pipe 140;
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[ 0098] Besi des those enbodi nents depicted in the figures and described in
t he above description, other enbodi nents of the present invention are al so
cont enpl avedsiiFsui7exanpl e, any single feature of one enipodiuseomw/oefi0s he
present invention nay be used in any other enbodinent of the present

I nventign. Far exanple, the agpparatus for treating uid containin
i mpur i t@b% dlf?ﬁ?t@gﬂﬁl‘s?‘g%ga&?‘i@‘a@f m?‘?‘?é‘“flglﬂll%%fﬁﬁffnflé%}?rﬁ?sé&e Fwasly thedpthienht i on:

(1) a fiihé e84 gy %36{%{ pip@ r140?F3§'rﬂéa@&1Agt il ArrCRnt 2 iR11a% 'tféHél-fﬂttte{sel% atE(ﬁ‘e
filtering chamber incl ud|n a I on contal ni ng granu and
conf i gumeche deqdepipiet 2651@ngr1anuﬁla¢redmdatar veeid 108y actothert bintilae l’nezq;ureahent
contalnln urities, thereby renoving inpurities fromthe liquid to
produce ﬁgTF - (2) a filtrate section in fluid comrunication with the

t he flltrate section being in

filt f the filtrat
f : ui gr 'Jﬁﬁ?ﬁﬁﬁ?ggﬁ 5‘66140 @asg f?ggéeﬁ'? 38? Hb’%tlmlé‘%“ fgqaafieei& $9t XAl thenethe; progess dlow (3) g
gas sUuRRbiHeAg t§¥§:})e$132f6@r whgldbyeld Perdas duthd: N6 lﬂfo%%% nﬁfﬁm { #hd geédhﬁ)ss

filtering chanber for transpoft of a portion of the granu la to a
gr anul axcendditlae msmrenn hef(d41)ossavale(j:,anﬂ thacthie pmodess ﬂbwmﬂomdﬂtmstanBZﬂrO \m th

t he gran ul d|a sher ceLving, are m_xt ur liqui d
and i npuPee th U SR Ffelséfré’ﬁgﬂog aﬂg\{heg% éﬁsﬁ({“ﬁgolc%‘ide@?qgg’cstt i ng in
fluid gonmeimce@tlbRNdWst ibtac:eesP itk attkiBimf Réadolskd lsevw Bfie S0P Qhdre OMa®fthd he
reJect nlxture (5) a valve disposed at the second outlet; (6) a control

uni t t aedetemasdf figgr dEoUNS; then) the cpreesss flowinsedesds o estqpoSB2%h tof stemdhe

granul g, cmglhase%?engg 'ﬂ?st‘éﬂs ?@5@(9&15@?&9%??? r% éiosegiI !n}d £ Prne} 9?3 H%Rarted.
supplying s
The sixth timer 253 may be a reject stop delay timer w1th a default setting of 2 minutes, but
the operator or administrator may be able to change this setting to any suitable time (such as,

for example, between 3 seconds and 5 minutes).

[0077] In step S3285, a determination is made as to whether or not the sixth (reject stop
delay) timer 253 has elapsed. If No, the process flow loops back to the start of step S3285
(this determination is made periodically, such as, for example, every 10 milliseconds). If
Yes, the process flow proceeds to step S3290, to close the automatic valve 275. During steps
S3120-S3280, steps S4, S5, and S6 from FIG. 4 are carried out. At step S3285, step S7 from

FIG. 4 (that is, intermittent airlift operation) is carried out.

[0078] In step S3290, the automatic value 275 is closed, and a max timer 254 between
filtration is started. The max timer 254 may have a default setting of 12 hours, but the
operator or administrator may be able to change this setting to any suitable time (such as, for
example, between 30 minutes and 48 hours). In step S3295, a determination is made as to
whether or not the head loss exceeds the maximum head loss set point value. If Yes, the
process flow proceeds back to step S3120. If No, the process flow proceeds to step $3300, in
which a determination is made as to whether or not the max timer 254 between filtration has
elapsed. If the determination in step S3300 is No, the process flow proceeds back to step
S3295. If the determination in step S3300 is Yes, the process flow proceeds back to step
S3120. At step 3120, the gas flow to operate the airlift function is restarted. The valves 275
and 129 are opened, the first (upper burst) timer 237 is started, the second (lower burst delay)
timer 247 is started, and the third (backwash) 250 timer is started. After step S3120, the

process flow proceeds to step S3110.
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(7) the control unit configured to open the valve to allow outflow of a

portion of the reject mxture or to close the valve to preclude outfl ow of
a portiomnwofotis4riej ect m xture; (8) the control unit Pperng2@oniiigured to
initiate, maintain, or terninate gas flow fromthe gas supplying systemin

whi ch t L.nitiation, enan or_termnation of gas. flowis carried
ou!t Cei tlﬂﬁ?’é]g#robﬁ' @F‘écreﬁ% }(Ejl ﬁég’mérﬂ} At faeshroten thad thengfiptiognwapengncee,
det er m f1ati@Rat@in (Wf}g%& e ﬁl?fb@@i it@BuOLitHeP &t n&%@%éﬁﬁﬁed@ﬂbﬁ ih §CSP§15§390 an

transported properly; determ nation of whether the poftion
gr anul autensek of 4 éetbtemmglqrr @ﬁwlp@hQretUe pompe roif yhdagaml@iarbmséd mhelag transponted of
reject mxt ect sect t he anount of ect mxture

o) Cre TRaplh Sc bieftoR EhGR 1aPrubd Bt bt Gn BB bt b B unt

of the ¢fgiaeElownis Xhrie@ outlint l86HonS¢ R GREI OB HELBENIRATRL OPhethdr@NEhor@hn
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presenting one nore cu
interval.

[0080] According to alternate embodiments, either step S3295 or step S3300 may be
removed from the process of FIG. 5B. For example, FIG. 6 shows an alterative process to
FIG. 5B which is the same as FIG. 5B except step S3295 is removed. In this process, the
max timer 254 would be set at a predetermined time cycle such that the possibility of
bridging of the granular media and impurities to form bridges between the radial feed arms
150 would be reduced, minimized, or eliminated. Thus, the control unit 202 controls the gas
supplying system 122 to deliver gas to the granular media 104 at one or more intervals
sufficient to inhibit or prevent bridging of the granular media across adjacent feed arms 150.
The intermittent operation of the gas supplying system 122 may be predetermined so as to be
sufficient to inhibit or prevent bridging of the granular media 104 across adjacent feed arms
150 in which the control unit 202 includes a timer that tracks one or more time intervals
between the intermittent operations of the gas supplying system 122 and the one or more time
intervals is sufficiently short to inhibit or prevent bridging of the granular media across
adjacent feed arms. Alternatively, FIG. 7 shows an alterative process to FIG. 5B which is the
same as FIG. 5B except step S3300 is removed. This process would result in an intermittent

airburst that relies on the rise in head loss without an automatic restart of airlift operation.
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(14) a control unit that is configured to: (i) receive one or nore signals
fromat | east one sensor; (ii) control the gas supplying system and (iii)
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acr oss t@Lge e infReey-BIdBR media, which will reduce the likelihood that the bed will bridge
on the radial feed arms. The cutting edges 152 may be each formed by the intersection of
two planar surfaces. The two planar surface may meet at an angle ranging from about 10
degrees to about 90 degrees, preferably from about 65-70 degrees. As shown in FIG. 1, some
or each of the edges may comprise an edge of an angular prism, such as a triangular prism.
According to another embodiment of the present invention, as shown in FIG. 8, the edges
may comprise one or more knife-edge gussets 154. Other types of cutting edges are also
contemplated, such as serrated edges, continuous blade edges along each radial feed arm,

and/or a plurality of discrete edges inline with each other along each radial feed arm.

[0084] The cutting edges 152 may also take other forms. For example, the cutting edges may
be each formed by the intersection of two arc-shaped concave surfaces meeting at a tip.
According to another embodiment, the cutting edges may be formed by the intersection of
two arc-shaped convex surfaces that form an upside-down “tear-drop” shape. Other

configurations are also contemplated.
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in t he (0987 Raenfrst Imlstrd09 map beoniilwd sorpROTvatispoTith @4med sywas (nshasm MED

IS 1. ré%r\ﬂﬂlga\{lﬁu{%oflﬁfns lq(ﬁﬁ‘(tl cBgtaﬁnﬁé %blﬂ'lt?egnt ﬁl&p Illagldl 1[111’89 rbI t\'vgs?ewater or

conpr i sin
water with impurities. Impurities may be any undesired material, such as dirt, waste

products, oil, grease, or other solid, semi-solid, semi-liquid, or liquid contaminants. A
pumping system can be used to channel the liquid from the liquid source to the first inlet 409
in which the pumping system contains all the necessary equipment to initiate and maintain for
the fluid flow between the liquid source and the filtering chamber 400, such as a pump, a
control valve, and/or piping or tubing. The first inlet 409 may comprise liquid feed line with
a feed pipe 446 and an annular pipe 448 for each conical shape and radial feed arms or pipes
450 for each conical shape. The influent or liquid containing impurities is introduced at the
top of each feed pipe 446 and flows downward through each annular pipe 448 around an
airlift pump 432. Each annular pipe 448 is sealed at its top end and is in fluid communication
with its corresponding radial feed arms 450 such that the liquid is introduced into the bottom
of the bed of granular media in each conical shape through the series of radial feed arms 450
that are open or have individual openings along their longitudinal lengths on the sides facing
toward the bottom of the filtering chamber 400 (that is, downward in FIG. 12). Other
configurations for the inlet are contemplated, as previously mentioned in relation to the

embodiment of FIG. 1.

[0088] The granular media 404 in the filtering chamber 400 can descend in a downward

direction and the liquid in the filtering chamber 400 can flow in an upward direction such that
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a filtering chanber for receiving liquid containing inpurities, the
filtering chanber including a | ower portion containing granular nedia and
conf i gur estot2o1ipsurTet t he granular nedia to interact w tRCrhis20100uiid3
containing inmpurities, thereby removing inpurities fromthe liquid to
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fluid qgﬂﬂ%q&gﬁﬁbﬁaf@kgﬁmﬁﬂﬁﬁﬁ&ﬁaﬁyi|et for outflow of the filtrate;
a gas supplying systemfor delivering gas to the granular nedia in the
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and inpuritjes fromthe | ar a washer e reject_section b gin
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that is configured to: (i) determ ne whether the portion of the granul ar
medi a i490peirsgover thespar #edapt mpeﬁlleﬁltrétc|S)=ctumrﬁq80ITherfétrgta§eetLqmp4q& may Byst em

and (i IiIIl )ﬂu(}&) %E)rrn?rlluntlcggor\ll %ﬁxea first outlet for outflow of effluent or the filtrate. The first

outlet may be piping, tubing, or connections in which piping or tubing may be connected.

[0090] Reject sections 416 may be in fluid communication with the lower portions 402 of the
filtering chamber 400 (that is, each conical shape) for receiving a reject mixture containing
granular media and impurities. The reject sections may be a plurality of reject sections 416,
one for each conical shaped lower portion 402. The fluid communication can be configured
such that each reject section 416 is in fluid communication with a corresponding airlift pump
432 residing in each conical shape. The airlift pump 432 is a structure, such as a cylindrical
pipe or tube, that may be disposed in an airlift housing, which (in turn) is disposed inside its
corresponding annular pipe 448. As the granular media 404 in the filtering chamber 400
descends in the downward direction such that the impurities are removed from the liquid by
the granular media 404, near the bottom of each conical shape, a small volume of compressed
gas (such as air, nitrogen, oxygen, or the like) is introduced at the bottom of each conical
shape by the gas supplying system so as to draw the granular media by airlift operation into
each airlift pump 432 at the bottom end of each airlift pump 432. By operation of the gas, the
scouring in the airlift pump dislodges any impurities attached to the granular media. The
reject mixture of granular media and dislodged impurities (which form a dirty slurry) is

pushed to the top end of each airlift pump 432 and into its corresponding reject section 416.

[0091] Each reject section 416 may comprise an inlet section and an outlet section that are
isolated from each other by a weir, similar to that shown in FIG. 1. The reject mixture that
has emerged from each airlift pump 432 at the top end of each airlift pump 432 fills up the
inlet section of each reject section 416 until a portion of the reject mixture pours over its
corresponding weir into the outlet section of the reject section. The outlet section of each
reject section 416 may also be in fluid communication with a second outlet 420 for outflow of
the portion of the reject mixture that has poured over the weir. The second outlet 420 may be

a piping, tubing, or a connection in which piping or tubing may be connected. The second
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2. The apparatus of claim1 in which the control unit is configured to open
the valve to allow outflow of a portion of the reject mxture or to close

t he val vewbaomrosei7ade outfl ow of a portion of the rejecPCrUs2a0m44103 3.
The apparatus of claim1 in which the control unit is configured to

initiate, tain, or term nate asflo m_t he gas, suppl yi ng system
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in the . reject sectio 1/ 084172PCT/ US2010/
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weir and out the second outlet 420. The granular media cascades down through the
concentric stages of each granular media washer 434. The concentric stages may simply
comprise spiral flights around its corresponding airlift pump 432. As the granular media is
cascading down the concentric stages, it encounters a small amount of filtrate moving upward
through each washer 434 from the granular media outlet. This filtrate in the washers 434 is
driven by the difference in liquid level between the filtrate pool in the filtering chamber 400
and the reject section 416. The heavier, coarser granular media flows through this small
counter current flow while the remaining impurities are carried back up to the reject sections
416. The washed granular media returns to the filtering chamber and is deposited on the top
of its corresponding granular media bed where it once again begins the influent cleaning
process and its eventual migration to the bottom of the filtering chamber 400 (that is, the

conical shapes).

[0093] The gas supplying system may be provided for delivering gas to the granular media
404 in the filtering chamber 400 to transport a portion of the granular media 404, through the
airlift pumps and reject section to the granular media washers. The gas supplying system
may comprise a gas source, a gas line in fluid communication with the gas source, and a gas
inlet attached to each conical shape of the filtering chamber 400. The gas source may be a
fan, a gas pump, a pressurized cylinder of gas, or some other suitable source of gas. The gas
source may also be within the housing of the filtering chamber or the gas source may be
directly connected to the gas inlet. The gas being introduced into the filtering chamber 400
by the gas source may be air, nitrogen, oxygen, or some other suitable gas. Similar to the
arrangement shown in FIG. 1, the gas supplied to each conical shape may have delivered in
two separate paths that terminate at the lower portion of each conical shape in which one of
the two separate paths terminates at an upper position in the lower portion and the other of

the two separate paths terminates at a lower position in the lower portion of the filtering
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9. The apparatus of claim3 in which the airflow conprises a burst of gas

havi ng a duration ranging fromthree to sixty seconds. 10. The
appar at uswofocllisrmel i n which the gas suppl yi ng syst em eocmprseeies44an3 | east
two separate paths for supplying gas. 11. The apparatus of claim 10
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the fi Icttﬂ‘é?lpﬁfg thpaffer postion eingo ?bor%ethgp}ymtwtw o Thensontre] rpnithsth ivne.of
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presenting one“or nore cu
flowing over one of the reject section weirs. The sensor may be an ultrasonic level

transducer sensor that is attached to one of the walls of one of the reject sections 416 above
its corresponding reject section weir 417 or attached to the corresponding the weir 417 itself.
An example of a suitable sensor may be an 18 mm diameter cylindrical analog output
ultrasonic sensor from Pepperl+Fuchs, model number UB300-18GM40-I-V1. The control
unit 502 may be in communication, for example electrical contact, with the gas source and/or
the gas valves to control the amount of gas being released from the gas supplying system into
the filtering chamber 400. The control unit 502 also is in communication, for example
electrical contact, with each sensor so as to receive signals from the sensors and process the
received signals to determine the amount of reject mixture passing over the weir of its
corresponding reject section 416. For example, the sensor may provide output, which can be
scaled into the control unit to continuously read the current distance between the sensor and
the liquid (reject mixture) passing over the reject section weir. From the determined amount
of reject mixture in the section, the control unit 502 is then configured to determine whether
the portion of the granular media being sent through the airlift pump and rejection section is
being properly transported to the granular media washer by the gas supplying system for each

conical shape.

[0095] The control unit 502 may operate according to the process shown in FIGs. 5A-5B, the
process of FIGs. 5A and 6, or the process of FIGs. 5A and 7. If there is a determination that
there is no appropriate filter media movement (such as, a portion of the granular media is not
being properly transported through the airlift pump 432 by the airlift operation or appropriate

lift is not being provided to the granular media such that a portion of the granular media is
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WO 2011/ 084172PCT/ US2010/ 044103 afiltrate section in fluid
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and (i
and 6 or FIGs. 5A and 7), may be constituted by a microcomputer comprising a central

processing unit (CPU), a read-only memory (ROM), a random access memory (RAM), an
input/output interface (I/O interface), a counter, and one or more timers. Alternatively or
additionally, the control unit may be constituted by a plurality of microcomputers. The
control unit 502 comprises the necessary hardware and/or software to carry out its functions
disclosed herein. For example, the software may be stored on a tangible memory device,

such as a DVD or a CD-ROM, which is accessible by the control unit 502.

[0097] Furthermore, each conical shape may have radial feed arms such as those shown in
FIG. 1 or FIG. 8 and may have a channeling section such as that shown in FIGs. 9A-9D or
FIGs. 10A-10C.

[0098] Besides those embodiments depicted in the figures and described in the above
description, other embodiments of the present invention are also contemplated. For example,
any single feature of one embodiment of the present invention may be used in any other
embodiment of the present invention. For example, the apparatus for treating a liquid

containing impurities, may comprises any of the following features in any combination:

(1) a filtering chamber for receiving liquid containing impurities, the filtering
chamber including a lower portion containing granular media and configured to
permit the granular media to interact with the liquid containing impurities, thereby
removing impurities from the liquid to produce filtrate;

(2) afiltrate section in fluid communication with the filtering chamber for receiving
the filtrate, the filtrate section being in fluid communication with a first outlet for
outflow of the filtrate;

(3) a gas supplying system for delivering gas to the granular media in the filtering
chamber for transport of a portion of the granular media to a granular media washer;
(4) a reject section in fluid communication with the granular media washer for

receiving a reject mixture comprising liquid and impurities from the granular media
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15. The apparatus of claim 14 in which the one or nore openings are |ocated

al ong a bottom of each feed arm 16. The apparatus of claiml14 in
whi ch eacwoedg#siw2f ormed by two pl anar surfaces neeti ngcatusanoangbhe
ranging from 10 to 90 degrees. 17. The apparatus of claim14 in

nore guss 18.

whi ch the one or, nore edges are proyided by one or | ets.

The appar a‘f?ﬁi‘ebfth‘é FEFTh Seatt rh%ﬁﬁgdﬁ i‘ﬁgﬁoéﬂﬁ@l%’ﬁﬁr‘i"@é§ %Fﬁf’%@léﬂ‘éfffoén
angul ar prd§fipw Ofatportio%%ftﬂ_é'll%jépﬁ)l%&aiteys of claim18 in which the angular
prismconprises a triangular prism 20. The apparatus of claim14 in

whi ch t he (@drtvable disposedatrthe sdcond hetlgas suppl yi ng systemto deliver gas to
t he granul e or re inte suffi nt .to inhibit, or

prevent b#?é&?%%&ﬁ%%%Hgﬂafﬁnﬂﬂ§¥“W§dPa?ﬁgkgﬁenﬁawﬁgﬁﬁﬁﬂFb@aﬂa?ﬁﬁﬁhe

21. The appamdirusedih i§b@h§ﬂtﬁﬁsﬂoﬁtemké‘ﬂkﬂ%’b@Q%@ﬁtr@r tH¥DSa§ sh}smﬁirngasweﬁls
determned by a sensor that determ nes head | oss between the féed [ine and
the first adi(iBrontrepthopalye;084172PCT/ US2010/ 044103

(7) the control unit configured to open the valve to allow outflow of a portion of the
reject mixture or to close the valve to preclude outflow of a portion of the reject
mixture;

(8) the control unit being configured to initiate, maintain, or terminate gas flow
from the gas supplying system in which the initiation, maintenance, or termination
of gas flow is carried out either at predetermined times or in response to an outcome
of a determination of whether the portion of the granular media is being transported
properly;

(9) the determination of whether the portion of the granular media is being
transported properly being based on an amount of reject mixture in the reject section
in which the amount of reject mixture in the reject section is determined with the
valve open and/or the amount of the reject mixture in the reject section being based
on a level of reject mixture flowing over a reject weir;

(10) the airflow comprising a steady flow of gas, a burst of gas, or a combination
thereof in which the airflow comprises a burst of gas having a duration ranging from
three to sixty seconds;

(11) the gas supplying system comprising at least two separate paths for supplying
gas in which the at least two separate paths terminate at the lower portion of the
filtering chamber and/or one of the at least two separate paths terminates at an upper
position in the lower portion of the filtering chamber and the other of the at least two
separate paths terminates at a lower position in the lower portion of the filtering
chamber, the upper position being above the lower position;

(12) the control unit being configured to independently initiate, maintain, or
terminate gas flowing through each of the at least two separate paths of the gas
supplying system;

(13) aplurality of feed arms in fluid communication with the liquid feed line, which

extend radially in the lower portion of the filtering chamber, for feeding liquid to the
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22. The apparatus of claim20 in which the one or nore intervals is
determ ned by a sensor that determ nes an anount of reject mxture in the

rej ect sewoi201/084172 23. The apparatus of claim22 inpamiuskomwiesiazrount of
reject mxture in the rejection section is determned by a |level of water
flow ng over a reject weir. 24. An apparatus for treating a liquid

cont ai ni ng R ediadhropglnene o mpre openingy alopgteaeh ikgdcmamtacterfadreaeiecei vi ng

liquid cor}g@q M]I?[egémﬂ ot stm%feoéﬂtt?ngé é(%lééd feed line, the filtering chanber
gra

including a | ower portron containin Hul ar media and configured to
perm t th&lgr arohtas] umitdhat it oonfiguesdatot (iWrdchive ae ot aoirelsigrals o atdeast
inmpurities, thereby renoying inpurities fromthe liquid to produce
filtrate; ONCSeNsoh (é} Eﬂnélioyf}&? 85p SYRRLYNG systemnand @SCPOEH ivelfi on with the

l'iquid feqds) bh€or %fecdbfeg%g_ﬁ}gn% stiarlilaYorigh Bdtfnk QF‘]&rch RQUdldran Of the

I
filtering chanber, for eding Tiquid tothe granular nedia through one or
nore openi(h@sadbmg cedrfeeflown presantiagtonp wfmemcdigbeadwhtdn garcbsegt iing one or

nore cutti edges:; an annul ar space i.n fluid.co nication with the
i -1 edaih o rimer sffhel Tits i A REaf st 8 SEn I RS0 e e qui pped
wWith a botahamr feaine of airdedges B prodidell By dhe OPRIdNGSssets; a filtrate

section in fluid conmmunication with the filtering chanber for receiving the

filtrate, (' Peaftppofash feed pom Hsesendng ene |ogi mosordeghiie avhieh each ﬁdfp first
let f : i | - i % . r
Gol i ve Orcogys]géso% Oédggh& £+ 5&1@31 rn%lgip:ﬁ1 M artl(?{gr ?‘?ﬁs tagg'la %Jg%icjﬁlg %@I&?S?F afr ansport

delivering to the~granu
of a portitomgnlartpliemgr anul ar nedia to a granul ar nmedi a washer; and a

reject sec@é)og}ei &nirw;gac%%ﬁ%&%a&on vai t h} t he grtanul ar 1,_r‘r/edi a vva§£her for
recei vi ng ‘% Ej°e r i engps| FRahen & AT Rpar $4ives &ry dinthie
granul ar - RgHdur WASHE G ofd16r bl Efiher9AS LA il b Bl GOTREM£8F 1 On Wi LR
a second outlet for outflow of a portion of the reject m xture.
the granular media across adjacent feed arms in which the one or more intervals is
determined by a sensor that determines head loss between the feed line and the first
outlet and/or the one or more intervals is determined by a sensor that determines an
amount of reject mixture in the reject section in which the amount of reject mixture
in the rejection section is determined by a level of water flowing over a reject weir;
(19) an annular space in fluid communication with the liquid feed line and the
plurality of feed arms, the annular space equipped with a bottom plate having a
plurality of openings in which each of the plurality of openings are positioned
between adjacent feed arms and/or each of the plurality of openings are
semicircularly shaped and/or each of the plurality of openings comprises eye-shaped
cutouts and/or each of the plurality of openings empties into a conical space at a
lower portion of the filtering chamber;
(20) an airlift pump through which the portion of the granular media is transported
in which the airlift pump passes through a central portion of the conical space;
(21) the gas supplying system being operated intermittently in which the
intermittent operation of the gas supplying system being sufficient to inhibit or
prevent bridging of the granular media across adjacent feed arms; and
(22) the control unit including a timer that tracks one or more time intervals
between the intermittent operations of the gas supplying system in which the one or
more time intervals are sufficiently short to inhibit or prevent bridging of the

granular media across adjacent feed arms.
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25. The apparatus of claim?24 further conprising an airlift punp through

whi ch the portion of the granular nedia is transported. 26. The
appar at uswofocllmisrme 24 furt her conprising a val ve di sposedTats2eineiaesond
outl et. 27. The apparatus of claim 26 further conprising a contro

unit that co figyred to: ceive one or re signals fro | east
one se @1%91 be2 BO\‘F‘O tlgsed; syat 5%?“3&%*%%6%9@?’% Onérﬂﬁ%‘ of the TG wing
2011/ 0%&4&3&@1 / xle@?&]tﬁé Qﬂﬁ‘)&ﬁ)@of(&jebt) &Qurﬁe'a(%st{rﬂzﬁed’ 2098%): reduce théSmolii€of
appar atus of” clarm 24 in which each of the plurality of openings is

posi ti @qm@rdgmdv@nﬂa\d j (astemated e@dbeai(}ar%(,)% savings); reduce wear and tear on the gas

supplying system, such as, for example, an air compressor system (estimated to be 50-90%
savings); reduce wear and tear on the airlift pump (estimated to increase life by two to nine
times); reduce electrical/energy consumption (estimated to be 50-90% savings); improve
filtrate quality; reduce chemical consumption and cost (in some cases, perhaps up to
100%); prevent of air from blowing out of the bottom of the airlift pump during initial
gas delivery; prevent or minimize the bridging of impurity-laden granular media across
feed arms; provide an automatic check and restart of airlift operation, if needed; reduce
routine inspection of the airlift function (estimated 90% reduction); and reduced labor

to correct failed airlift operations (estimated 99% reduction).

[0100] The above-disclosed system and computer-implemented method provides immediate
automatic detection and correction to failed airlift operations in the granular media bed in a
granular media filter so as to maintain continuous and reliable airlift operation. Also, such
immediate and automatic detection and correction may significantly reduce the required

vigilance and labor which is currently required by on-site personnel.

[0101] Given the disclosure of the present invention, one versed in the art would appreciate
that there may be other embodiments and modifications within the scope and spirit of the
invention. Accordingly, all modifications attainable by one versed in the art from the present
disclosure within the scope and spirit of the present invention are to be included as further
embodiments of the present invention. The scope of the present invention is to be defined as

set forth in the following claims.
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29. The apparatus of claim 28 in which each of the plurality of openings is
sem circularly shaped. 30. The apparatus of claim 28 in which each
of the plwopabittog4ob openi ngs conpri ses eye-shaped cut outP€T/US2010/044181. The
apparatus of claim 28 in which the gas supplying systemis operated
intermittently. 32. The apparatus of claim31 in which the

i nt er m% et I%WEP@ t he gas supplying systemis sufficient to inhibit
or prevent bridging of the granul ar nedia across. adjacent feed arns.

33. The appal-afi@ppara@s forfreating A lighidgentapung SRPYHICS1GAMPIISHE udes a ti mer

t hat tracks ' | I | ' : I ons
of the gas SUmeToErgraist ek Rl Rl LELARRR Il LODE P BRRER, i o
t he onéndudingrdotvenportioh eonalirsng grawiar ingédemthy cemfogured & pedmibilte ganygarevent
bridgi ng of the rangll F}r 1.ms%i a _acr.oss adlhacent &eed ar.ns.. . 35., The
appar af TR BISFH™R R QKK GRS GRPYTHEESpINGIERY 0 YPe SRR TG es

i Nto_alge teProdRecifras; a | ower portion of the filtering chamber.

36. The ‘apparatus of claim35 in which the airlift punp passes through a

central por tifdratsfseetien mofinidadomyprdeation with theaffltering chophenfargedeadying theat i ng
ali qmﬁ?ﬁ;ﬁ@ﬂh@ iﬁ iraqg sciecti Hrbie}nigel%’ﬂu?(? ggnrnln%lmrclzgtlon with a first outlet for outflow of the
filtrate,

a gas supplying system for delivering gas to the granular media in the filtering
chamber for transport of a portion of the granular media to a granular media washer;

a reject section in fluid communication with the granular media washer for receiving a
reject mixture comprising liquid and impurities from the granular media washer, the reject
section being in fluid communication with a second outlet for outflow of a portion of the
reject mixture;

a valve disposed at the second outlet; and

a control unit that is configured to:

(1) determine whether the portion of the granular media is being transported properly;

(ii) control the gas supplying system; and

(iii) control the valve.

2. The apparatus of claim 1 in which the control unit is configured to open the valve
to allow outflow of a portion of the reject mixture or to close the valve to preclude outflow of

a portion of the reject mixture.

3. The apparatus of claim 1 in which the control unit is configured to initiate,

maintain, or terminate gas flow from the gas supplying system.

4. The apparatus of claim 1 in which the initiation, maintenance, or termination of
gas flow is carried out either at predetermined times or in response to an outcome of a

determination of whether the portion of the granular media is being transported properly.

5. The apparatus of claim 4 in which the determination of whether the portion of the
granular media is being transported properly is based on an amount of reject mixture in the

reject section.
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a filtering chanber for receiving liquid containing inpurities, the
filtering chanber including a | ower portion containing granular nedia and
conf i gur estot2o1ipsurTet t he granular nedia to interact w tRCrhis20100uiid3
containing inpurities, thereby renoving inpurities fromthe liquid to
iltrate in fluid comunicati wth the

produce filtrate; a e section n
filtering ch@mt;ﬁ}e 4H£’rara|“é9c%ﬁt Gliaﬁﬁ X waf?“iqalt &‘ﬁtaé‘}o%nﬁé’ffrFJlePtr AU iy &‘Srfel?é‘i ng in

fluid ceamgnt gatingRedMvith tRe YAitStput | et for outflow of the filtrate; WO
2011/ 084172PCT/ US2010/ 044103 a gas supplying system for delivering

gas to the granular nmedia in the filtering chanber for transport of a
portion of theTheanpdraius wédlazmtGinawhichibd amowsidif dhevagiéré mixture in the nejgicect
secti on <i:t1nonfi| Hisddco \peilgﬁ I. on vlv)i(tpet:%hein r%nrul Qer.ecrtred} a washer for receiving
arej ecF M 06 83r§p?| Si ngeJ‘Tl ajw and’' i %ﬁu?i%l & H0m t he granul ar nedi a
washer, the reject section being in fluid conmmunication wwth a second
outlet for o8t flhewppdratas poclaimars of whidk thepieldw Fbiiptike; a s8aly flow ofgagant r ol
unit that is configured to determ ne whether the portion of the granul ar
medi a P¥rsHhEf &> P HFPIPEED BESREr | y based on an anount of reject mixture in
the reject section. 38. The apparatus of claim37 in which the

control unitor gaei¥RTatds SELRRAR 3 BAGHIEE td ARV %&Bﬁﬁée,sfaoﬁurgteéfe%ﬂ}ﬁbﬂ@ 4 he
amount of reject mxXxture in the reject section, and in which The anmount of
rej ect dniationrenging frove thisg ¢xsixtyestdrsls. i s det ermi ned based on a | evel of
reject mxture flowng froman inlet section to an outlet section of the

reject sectipn. .+ 1N ppar of.claim 38 in which.the sensor
conpri ses anﬁgl ?}rl%lg%ﬁr%é?gg\f/gllag? ﬁalnsvé%%fé?},le %Ehsds u?hf%v&ﬁ S(,yﬁpe oMY otif?rsu t is
conf i gtiwedepapate pixha e sapsigihgqas.r eadi ng from the sensor to a predeterm ned

t hr eshol d.
11. The apparatus of claim 10 in which the at least two separate paths terminate at

the lower portion of the filtering chamber.

12. The apparatus of claim 11 in which one of the at least two separate paths
terminates at an upper position in the lower portion of the filtering chamber and the other of
the at least two separate paths terminates at a lower position in the lower portion of the

filtering chamber, the upper position being above the lower position.

13.  The apparatus of claim 12 in which the control unit is configured to
independently initiate, maintain, or terminate gas flowing through each of the at least two

separate paths of the gas supplying system.

14. An apparatus for treating a liquid containing impurities, comprising:

a filtering chamber for receiving liquid containing impurities from a liquid feed line,
the filtering chamber including a lower portion containing granular media and configured to
permit the granular media to interact with the liquid containing impurities, thereby removing
impurities from the liquid to produce filtrate;

a plurality of feed arms in fluid communication with the liquid feed line, which
extend radially in the lower portion of the filtering chamber, for feeding liquid to the granular
media through one or more openings along each feed arm, a top of each feed arm presenting

one or more cutting edges;
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40. The apparatus of claim38 in which the inlet section is divided from
the outlet section by a weir, in which the control unit is configured to
det er m newpf2otims4i7evel of the reject mxture flow ng ovecTiuseomei4103 s above
a predeterm ned threshold, and in which the control unit is configured to

operate the gas su g stemtaq rOVI e s bur, st t he control unit
det er ni nes taf@f h%c'i“év ﬂw?"i Ctoﬁén?féf d19< r}rt&,ﬁhaalba{/éqr eraviRgithe | s
above tfh@at@ﬁ%@ ?‘lt@e{tg‘sélﬁféntﬂéfrfagslmhﬂd communicaftén withe BRPaHdd: Ysr &ItﬂG\INQJf Mm&A0 in
which the control unit is configured to operate the gas supplying systemto

provi ddilgats; bursts for a predeternlned plurallty of tinme perlods and in
whi ch the control ﬁht is con
e

| h |
ini ¢ fai s docterubhite SHER thetiSEuhe BB ThE St BNl fe BeEEg”

transth&xﬁHerﬁbﬂﬁ’ﬁ{strt@fb@brtidfh&)f@l@fﬁglﬁh‘lﬂ@ﬂ kdig t@kl%fa@lmdr%lddih?\ﬁ@é}@ﬂ to provide
the gas bursts for the predetermned plurality of tine periods. 42.

A method f ore reieelarertion & fluidgpamusicatemivitg thepianiler msdiacwmspen for rrgeivingedi ng a

red o 000 DO Salr R e ol Poflylty’ G e BRATRE AR et ROL B
I'i qui d seaioprigdiug én fluidt cahmubigatiod evthng sgoadvudet fmdxueﬂow |ocﬁuu gbréow of the

inpurities to interact in a |lower portion of the filtering chanber;
al | owi AGCHiMEfHUee to flowto a filtrate section for subsequent out f I ow

through a figrgive disposed at the second outlet; and
a control unit that is configured to:
(i) receive one or more signals from at least one sensor;
(i) control the gas supplying system; and

(ii1) control the valve.

15. The apparatus of claim 14 in which the one or more openings are located along a

bottom of each feed arm.

16. The apparatus of claim 14 in which each edge is formed by two planar surfaces

meeting at an angle ranging from 10 to 90 degrees.

17. The apparatus of claim 14 in which the one or more edges are provided by one or

more gussets.

18. The apparatus of claim 14 in which each edge comprises an edge of an angular

prism.

19. The apparatus of claim 18 in which the angular prism comprises a triangular

prism.

20. The apparatus of claim 14 in which the control unit controls the gas supplying
system to deliver gas to the granular media at one or more intervals sufficient to inhibit or

prevent bridging of the granular media across adjacent feed arms.

21. The apparatus of claim 20 in which the one or more intervals is determined by a

sensor that determines head loss between the feed line and the first outlet.
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outl et; delivering gas to granular nedia in the filtering chanber to
transport a portion of the granular nedia to a granul ar nedi a washer;

al | owi ng wonejiesti7ai xt ure conprising liquid and inpuritipes/useolossnos o a
reject section fromthe granular nmedia washer, the reject section being in
fluid conmmunicatjon with a_second outlet for outflow of a portign of the
reject mxt u?é; Ifhﬁapparatus ofjeleien AP iR lq%ﬁé? RBE OF METSiBEarY A f isgteterRENG Bihd| ar

medi a isgnQR NG dbeARBROLL %qo&gg@%%&nmﬁﬁgim??@f@@%h of reject mxture in

the reject section. e nethod o aim42 in which the anount

of reject mxture in the reject section is based on a level of reject
m xture in ad3i fheaprreasns ohclefm £hén wljcbche smotitorf reject mixture4n theTierectien hod

of claim.,@2 further nprising determni ng whether .a | evel of the reject

i xt ur Sty Qe et BTG PPutlt ARt e M3t Heiect on of (e re) oot
section is above a predeterm ned threshold, providing a gas burst to
granul ar nmed24& An apparafuk Ifératrdatigg & higuidedontdinihf emp@iteds, @mprfirget m xture
flowwng fromthe inlet section to the outlet section of the reject section
i s above thé %@t%ﬁambﬁbgortrﬁ%@ﬂ%ﬂla}lldawalta@ma%iuapﬁ@tlﬁa%orﬂm% fesddingnul ar

medi a i £ ' § : i " [
peri odsd.?e Tﬁi‘t‘é‘nﬁg kﬁa?f{SH.ep%l &rrlgf}g%g 1%‘?82%(?3@% igﬁrgglgﬁ[%‘oégﬁﬁ eﬁ?}g]lafahﬁccg :;1%‘%&0 t%n
ai rlif tpeops it grenulanmadigrtanatemct wihlitlze fiquid eontaimiy ingiungiesiehereby ninmaying n a

granular nedia.filter configuyred.to include an airlift operation to
transpdwpuﬁg%ﬁ%‘?’ﬁfhﬁé‘ﬂ’ﬂfgtqE‘%au‘ifrdf_lal 8far nedi a washer that is in fluid
conmmuni cat i QNpNtdlity ST REE Gkm$ 86 thed cotin @HRIE0h With [ted SighidTeel Uik, iwhiéhe

rej ect section. 46. The nethod of claim45 in which the amount of
rej ect cxtordgprdialiynintthe lovegreertiopedithofilteringehnmbenfonfepdinglliqufd todhegranwaxt ur e

flow n LI i e rejec I, Of., 7. T hod of claim
a6 1 n PR Rl g b B R bt Bt gt vt ARG ARERind of cct
sect i onk or aoPaitety tdpes; predeterm ned threshold, and in which the nethod
further conprises indicating a possible nalfunction in the airlift,

operati on i fantABUIRRERACE 41 flnid commumicatipnevith 8if litgridiesd lingenddhs plurplichef

rej ect fa&CdrdlNhk §nﬁﬁﬁ}vs%a&é1@qlﬂ5&g%iﬁf Ih&esn bﬁEMgda plurality of openings;

a filtrate section in fluid communication with the filtering chamber for receiving the
filtrate, the filtrate section being in fluid communication with a first outlet for outflow of the
filtrate;

a gas supplying system for delivering gas to the granular media in the filtering
chamber for transport of a portion of the granular media to a granular media washer; and

a reject section in fluid communication with the granular media washer for receiving a
reject mixture comprising liquid and impurities from the granular media washer, the reject

section being in fluid communication with a second outlet for outflow of a portion of the

reject mixture.

25. The apparatus of claim 24 further comprising an airlift pump through which the

portion of the granular media is transported.

26. The apparatus of claim 24 further comprising a valve disposed at the second
outlet.

27. The apparatus of claim 26 further comprising a control unit that is configured to:

(1) receive one or more signals from at least one sensor;

(i1) control the gas supplying system; and
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WO 2011/ 084172PCT/ US2010/ 044103 48. The nethod of claim46 in which
the level of reject mxture flow ng over the weir in the reject section is
measur ed wei2ng/@4wensor, and in which the sensor conpri €3/tBr010I0I41850NI C

| evel transducer.

(ii1) control the valve.

28. The apparatus of claim 24 in which each of the plurality of openings is

positioned between adjacent feed arms.

29. The apparatus of claim 28 in which each of the plurality of openings is

semicircularly shaped.

30. The apparatus of claim 28 in which each of the plurality of openings comprises

eye-shaped cutouts.

31. The apparatus of claim 28 in which the gas supplying system is operated

intermittently.

32. The apparatus of claim 31 in which the intermittent operation of the gas
supplying system is sufficient to inhibit or prevent bridging of the granular media across

adjacent feed arms.

33. The apparatus of claim 31 in which the control unit includes a timer that tracks

one or more time intervals between the intermittent operations of the gas supplying system.

34. The apparatus of claim 33 in which the one or more time intervals is sufficiently

short to inhibit or prevent bridging of the granular media across adjacent feed arms.

35. The apparatus of claim 24 in which each of the plurality of openings empties into

a conical space at a lower portion of the filtering chamber.

36. The apparatus of claim 35 in which the airlift pump passes through a central

portion of the conical space.

37. An apparatus for treating a liquid containing impurities, comprising:

a filtering chamber for receiving liquid containing impurities, the filtering chamber
including a lower portion containing granular media and configured to permit the granular
media to interact with the liquid containing impurities, thereby removing impurities from the
liquid to produce filtrate;

a filtrate section in fluid communication with the filtering chamber for receiving the
filtrate, the filtrate section being in fluid communication with a first outlet for outflow of the

filtrate;
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a gas supplying system for delivering gas to the granular media in the filtering
chamber for transport of a portion of the granular media to a granular media washer;

areject section in fluid communication with the granular media washer for receiving a
reject mixture comprising liquid and impurities from the granular media washer, the reject
section being in fluid communication with a second outlet for outflow of a portion of the
reject mixture; and

a control unit that is configured to determine whether the portion of the granular
media is being transported properly based on an amount of reject mixture in the reject

section.

38.  The apparatus of claim 37 in which the control unit receives a sensor reading
from a sensor for determining the amount of reject mixture in the reject section, and in which
the amount of reject mixture in the reject section is determined based on a level of reject

mixture flowing from an inlet section to an outlet section of the reject section.

39.  The apparatus of claim 38 in which the sensor comprises an ultrasonic level
transducer, and in which the control unit is configured to compare a sensor reading from the

sensor to a predetermined threshold.

40.  The apparatus of claim 38 in which the inlet section is divided from the outlet
section by a weir, in which the control unit is configured to determine if the level of the reject
mixture flowing over the weir is above a predetermined threshold, and in which the control
unit is configured to operate the gas supplying system to provide a gas burst if the control
unit determines that the level of the reject mixture flowing over the weir is above the

predetermined threshold.

41.  The apparatus of claim 40 in which the control unit is configured to operate
the gas supplying system to provide gas bursts for a predetermined plurality of time periods,
and in which the control unit is configured to operate an alarm when the control unit fails to
determine that the portion of the granular media is being transported properly after the gas
supplying system is operated to provide the gas bursts for the predetermined plurality of time

periods.

42. A method for treating a liquid containing impurities, comprising:
feeding a liquid containing impurities into a filtering chamber containing granular

media;
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removing impurities from the liquid to produce filtrate by allowing granular media,
liquid and impurities to interact in a lower portion of the filtering chamber;

allowing filtrate to flow to a filtrate section for subsequent outflow through a first
outlet;

delivering gas to granular media in the filtering chamber to transport a portion of the
granular media to a granular media washer;

allowing a reject mixture comprising liquid and impurities to flow to a reject section
from the granular media washer, the reject section being in fluid communication with a
second outlet for outflow of a portion of the reject mixture; and

determining whether the portion of the granular media is being transported properly

based on an amount of reject mixture in the reject section.

43.  The method of claim 42 in which the amount of reject mixture in the reject

section is based on a level of reject mixture in an inlet section of the reject section.

44.  The method of claim 42 further comprising determining whether a level of the
reject mixture flowing from an inlet section to an outlet section of the reject section is above
a predetermined threshold, providing a gas burst to granular media in the filtering chamber if
the level of reject mixture flowing from the inlet section to the outlet section of the reject
section is above the predetermined threshold, and providing gas bursts to granular media in

the filtering chamber for a predetermined plurality of time periods.

45. A method of detecting a possible malfunction of an airlift operation in a
granular media filter comprising determining, in a granular media filter configured to include
an airlift operation to transport granular media to a granular media washer that is in fluid

communication with a reject section, an amount of reject mixture in the reject section.

46.  The method of claim 45 in which the amount of reject mixture in the reject

section is based on a level of reject mixture flowing over a weir in the reject section.

47.  The method of claim 46 in which the level of reject mixture flowing over the
weir in the reject section is compared to a predetermined threshold, and in which the method
further comprises indicating a possible malfunction in the airlift operation if the level of

reject mixture flowing over the weir in the reject section is above the predetermined threshold

39



WO 2011/084172 PCT/US2010/044103

48.  The method of claim 46 in which the level of reject mixture flowing over the
weir in the reject section is measured using a sensor, and in which the sensor comprises an

ultrasonic level transducer.
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