éhg@ 696 -PROCESS AND APPARATUS FOR HI GH RATE UPFLCNM\NNTERfEILTRATICN W TH
BUOYANT FILTER, MEDI A The present invention relates to nethods and
apparatus 5 for purification of water by ,filtration. Mre _ ®
specifically, it concerns;upflfow filters whi &h contain a buoyant fil tley<s
medi a. It has been known for sonme time that water can be filt %16 ;

- passing it upwardly through a bed of filter media conprising §§| %CQS
smal | ypel l ets of a buoyant material such 10 as pol yethylene. Such a
filtration nethod is_shown in United Ki ngdom Patent Specification No.

833,327 to Smith. A related upflow filTtration process is described in .

Exanpl e 4 of Unit ed?2RESSs AlSRt RFRARREUS 3FOR FITGH0 RATE (@ RIOWa WATER \FULITRAS O
filters may have shown prom se in thej i ot have never been
successful since they heretofore ha\%&%e%lﬁﬂ@gﬁ’t g#ﬂ@ff‘ t1i*n substantially
closed tanks or in tanks internally divided by screens to prevent escape of
the buoyant nedia. The filtration zones and nedia bed of such filters are

i naccessible during filtration which limts control 20 over the
filtration process. Furthernore, no effective methods have been found for
cleaning the media in such filters. Backwashing of such fil- ters has

proved to be wasteful of energy, finished water and 2 tinme since a very

| arge dowaward flow of liquid is required before the nedia particles wil.l
separate. Mechanical agita- ThempresehbeimRititdonagelasdy itbefle thod@ndMbpharatus
speci fication, enhances cleaning, but requires a wasteful consunption of 5
energy in ordd&r to 59K MuEiéhertiongiofavater e ifdlitratiion.hedordaspecifdcat les it

are rel eased. SUMvpggxcgin-ls_HEpH\é\{rE '¥J[.5.9e\lrs which contain a buoyant filter media.

It has been known for some time that water can be
filtered by passing it upwardly through a bed of filter media
~comprising grains or small pellets of a buoyant material such
10 as polyethylene. Such a filtration method is shown in United
| Kingdom Patent Specification No. 833,327 to Smith. A related
upflow filtration process is described in Example 4 of United
States Patent No. 3,343,680 (Rice et al.).
‘While such filters may have shown promise in their
15 ' time, théy have never been successful since they heretofore
have ‘been contained within sﬁbstantially closed tanks or in
tanks internally divided by screens to p:e#ent'escape of
the buoyant media. The filtration zones and media bed of such
filters are inaccessible during filtration which limits control
20 over the filtration process;
Furthermore, no effective methods have been found: for
cleaning the media.in such-filters. Backwashing of such fil-

- ters has proved to be wasteful of energy, finished water and



A 1

collectors to renove filtered water from 10 the effluent side of an

upf I flter. The use of such a collectd@amkes it possibke to inprove
t he ssability to the filter apparatus by eli'm nating any toJ covering

or sc n when used in an appropriately shaped filter vessel. This ar-""
rangenent ‘al l ows for the incorporation of novabl e nmechani sns 15 whi-ch
can extend fromthe exterior to the interior of the tank for free notiQa

"~ theret hrough wi ttimet sthee usereaf, targe idownwdrdefilow of Ldqoid e senebnedg
arrangenments. The nature of buoyant, medi a‘garticl es used in a fil- ter bed
has a substanti Aefexpathe dedigePrRFBIFYSS Wil oPeRAFatSp- Perhanicgleaghtar and

cleanabi |1ty of 1jag B8dine RRihCULA doacthBER 15 GANnILE Lfbi¥iaRe ghd Size
t‘1IC es. ? ar

of -t he medi a par rregul ar, angu y shape
have significantenidnc¥8néb@fingl, t vis Fdua rdk S& ovatRdul habnsurigaiiohi vel y
gentle clean- 25 i ng procedure can be used if the nedia is sufficiently.
cl ose in specifieneggravinyonden e speficientdyaagitatel anpecked madigybedpl es

di spersed throughout ,watey, flowi ng_into t.he bed cause the overall specific
gravity of the %g’t%‘r i’éﬁﬁr’a‘?’resmafﬁu‘f%{]ﬁa@eldall to a | evel below that of the

media in the bed so that the 30 gyaed: W RE Rk ESNaRds downwardly,
t hereby rel easing trapped im purities wthout: mechanical agitation.

Free standing filters accbt dasgnbe bérrs fonudnthan ir dspposs thlleatoy provide
advant ageous because_ they can be constructed in any desired exterior
confi gurati on ort=SRghstyPeHdRiidecolestors gpcremeve (fldkeahsmteroArg™on

D AU K 5Bl T R e BBl AR
accessible for iqpneetbemakdsCaAkNBiésible to improve the accessability to
ﬁhe.filter apparatus hy eliminating any . top covering of screeﬁ
when used in an appropriately shaped filter-vessel. This ar-
rangement allows fdr the incorporation ofumovable méchanisms
15  which can extend from the exterior to the interior of the tank
for free motion therethrouéh without the use of complicated
seals or tortured screening arrangements.
. The nature of buoyant media pafticles.used in a f;i—
ter béﬁ has a substantial impact on the floﬁ rate, solids cap-
20 ture rate and cleanability of the bed. Particularly signifi-
cant are the shape and size of the media particles. Irrégular;
angulariy shaped particles are found to have significané ad-
vantages. : -’ |
' It is also discovered that a relatively gentle clean-
25 ing procedure can be used if the media is suffiéiéntly close
in specific.gravity to the specific gravity of water. Air bub-~
bles dispersed throughout water flowing into the bed cause
the overall specific gravity of the water and ai: mixture to.

fall to a level below that of thé media in thé bed so that the

30 bed uniformly expands downwardly, therehy releasing trapped im~

" e

It has now.been found that it is possible to provide trough-type liquid s~

particles are found to .
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'nechanPcaI'apparatus inserted fromthe exterior and for 10 Vi ewi ng
and nmai nt enance purposes. Al so an object is to provide a filter whic
Op- erate at a hi,gh flow rate and which rapidly can be cleaned a
to service affter cleaning. Ahother object is to provide an appar
can 15 be cl eaned easily and automatically. A related object
provide a plurality of such filters which dgerate in tandem so that
filtering processes can proceed unihtergupted while one filtér unit is
bei ng™cl eaned. A f |4 ' : QY9 a.biliter for use in 20
virtually any | ocagl[%g?{?ﬁgghﬁﬁ{:?%r chﬁﬁé.&’%i ?érlgelg.'afs?%'g%ai ng unit which wll
operate with or independent lpreaf s€idiihgaisDesd adcogaingreat thnd vwaritieanare
be built in any size or shape. These and ot her features, objects and
advant ages of the ppetigulardyeadvantagiephsbeqgiisser &hey f eaimheheonstrrwtiady ine-

25 tailed description thereof and framthe ,attached draw_ngs..|n the
dr awi ngs: Fig. ® ;%F”p‘éﬁé&ﬂ?e“ \ff’@%"%‘fm}iﬂ‘l Pﬁrgﬁ?pear %Bg Ao ng
to the presert invegatho £hQws B8p s bhdd &?Céh!eo'&inoEth-ole'i&ui‘dSE‘&tHé)na!
side elevation of a collector trough shown in Fig. 1, 5 Fig.
3 is a sectional sifditereydn angbfern amonat of temeat e enbodi nent of the

trough shown in Fig. 2; Fig. 3a is a sectional side elevation of a second |,
alternate enbodi ment of the X d8ghranafRmei an My ecs: ofj ghisy inyentinn 1t prpvide

si de el evation of : . tenrna p&g i . .Lrou
in Fig. 2; Fig. 5 ?s%gjfééei{:tjv?‘&ﬁg! lss?‘l'_c?es‘ié eva‘_f?on gfngg%o%{ﬁ#?%gf‘%ef ng{ké%%%
-enobi dnent of the byopedhsdi®an bppddtdbusinkéBted fromatlé QiR rSand | fal
si de el evation of _ :

10 viewing and maintenance purposes.

Also an object is to provide A filter which can ép-
erate at a high flow fate and which rapidly can be cleaned and
Yeturned to sefvice after.cléaning. '

Anothér object is to provide an apparatus which can

15 bé cleaned easily and automaticaily. .

A related object is to prbvidé.a.pluiality of such
filters which operate in tandem g0 ;hat filtering processes can
proceed uninteriupted while one filter'ﬁnit is being cléaned.

. - A further object is to provide a filter for use in
20 virtually any locﬁtion, the filter being a free standing unit
.which'wiii ope;até With.or.independently of other associated
equipment and which can be built in any siég or shape.
| These“and other features, objects and advantages of
the present invention will be appareht from the following de-
25 - “tailed.deSCriétion theieof and from the atfached drawings.

'In the drawings:



a filter according to the present invention-with its bed in 15 the ~/
oper at ng/p05|t|on Fig. 7 i1s a schematic sectional side elevation of the
appar ghs, shown in Fig. 6 with the bed expanded during cleaning; Fig. 8 is a
a pergpecti-ve view of the filter apparatus 20 " of «.Fig. 1 incorporating
anot h&_4f fl-uent col l ector and flow contrdMer. Fi g. 9 is a perspective
view of a horizontally ori- ented filter according to the present inventijon
with a por- tion of the outer casing broken away to show interior detaﬁL!-

25 Fig. 10 is a perspective viewof a filter according to

the present invention incgggorful nghggggﬁéyki%guggghr v% 180PA Sk us

Fig. 11 is a perspective View of ti-conpart - nt ter apparat us
according to theapécrsdlng toVews ipteseheinveh ti6ht EBGn Sﬁﬁctvleﬁﬁlcfl Gectdohs a
schemati c di agram showi ng a water puri- 5° fication systemaccording to
the present i nvent ion i ncF’E% ny & @l seFrianalt sike ekevasdon affa owldegtor
downflow filtrat] S a sectional side elevation of a -
filter according f% #‘né=J ﬁf’gs ’ﬁtmlgnv Ation especially suited for 10

filtering water containingigeld WsOai gebt Al Q1a0t bdvatiisn BENgEL: Sl i ds
which tend"to forma mat on"the influent side of a filter bed. Fig. 14 is a
graph showi ng a ak&ﬁrnatetempmdﬁndnt off ahé|ﬁnoaghashuwnhﬂqgrug.the pr esent
“invention; and 15 : Fig. 15 js a graph showing wash waste -
profiles of another fil t eFigecd d15n§ pectinnad, sidatclevpdirroRt DEBSORED -

DESCRI PTI ON- alternate embodinent of the trough shown in Fig. 2;

Fig. 4 is a sectional side elevation of a third
10 -alternate_embodiment of the trough shown in Fig. 2; |
: Fig. 5 is a sectional side elevation of a fourth
alternate emobidment of the trough shown in Flg. 2;
Fig. 6 is a schematlc sectlonal side elevation of
a filter according to the present invention with its bed -in
15 the operating position;

.Fig. 7 is a schemetic sectional side.elevation of
the apparatns shown in Fig. 6 with the bed expanded during
cleaning; |

- Fig. 8 is a persnect1ve view of the filter apparatus
20 of Fig. 1 incorporating another effluent collector and flow
| controller.

Fig. 9 is a perspectlve view of a horizontally ori-
ented fil er according to the oresent invention with a por-
tion of the outer casrng broken away to show interior detail;

.25 ' Fiqg. 10 is a perspectlve view of a fllter accordlng
to the'present inventlon incorporatlng suction sludge removal

apparatus;



As_shown in Fig. 1, a filter vessel 20 provides an internal passageway 22
for water noving therethrough. An in- 20 |l et 24 is provided neé A
hase of the vessel. 20 for supplying influent water into the passa2
and an outlet 26 is |lo- cated near the top of the vessel for renbvMNae :
filtered water fromthe passageway 22.- Locatﬁ between the inlet 24 and
outle£-26 Is a 25 bed of buoyant nedia particles 30 on which inpurities
col- kect as water to be filtered noves upwardly through the _ -6- bed.
This media nust have a specific gravity less than that of water and, for

t he Teasons described bel ow, Fhoulldibas epersppeeive CrighavEt ¥ M 4iSesmbiEd-
0.80. Most. preferably, the media particles should have a specific gravity
no | ess than 0.96. MeAty FALReR\APRAFALES | akcordingate die prasent igfveptdper

characteristics wl 0 dependi upon the nature of the water to be
filtered.  For exarr%)‘?og’?’ eé%cﬁcgasﬁ?ﬁ?%’ﬁave an effective size between two

and twenty mllinmeters; butpgpt ilqaksfélgd}ﬁhggﬂcoaia%tﬁhnghg@{,@ ao;,agg,f:lf,mt
from a 10 bi ol ogi cal treatnent clarifier, requires a nmedia~ having. an

effective sizé& betvwbertibousysteh andoddiny tol therpmysenitn invemetonr indheding
particles will have a.uniformty coefficient no greater than 2. 0 and,
sphericity of |ess 1Ifgratser kSpﬁ%‘?il?ﬂ'%/ “8#1%‘9&&"{‘3“ vBfiQY Jfeditragiony the
fol | ow ng equati oniysigqdh d [err] where 20 [err] -sphericity of grain dh =
hydraul i ¢ di aneter, being the size of a sphere of ' h

Fig. 13 is a sectional side elevation of a filter

‘according to the present invention especially suited for
10 ' filtering water containing cellulosic fibers or othér sﬁs-
pended solids which tend tb form a mat on the influent side.
of a filter bed. | | |
Fig. 14 is a graph showing a wash waste profile of
a filter according to the present invention; and | |
15 _ Fig. 15 is a graph showing wash waste profiles of
another filter acco:ding to the present invention. |
DETAILED DESCRIPTION
As shown in Fig. 1, a filter veésel 20 provides an
internal passageway 22 for water moving therethrough. An in-
20 let 24 is provided néar the base of the vessel 20 for supplying
| influent water iﬁto the passageway 22 and an outlet 26 is.lo-
cated déar the t&p of £he vessel for'removing filtered water
from the passageway 22. _
_ ‘Located between the inlet 24 and outlet 26 is a
25 bed of buoyant media particles 30 on which impurities col-

lect as water to be filtered moves upwardly through the



equm

. per cer

equal

upwar dl y through the bed of such particles 30 and is collected in a

hori zont al

col | ector apparatus 34 which 35

L 4

delivers the filtered water

to the OU“BJwZGTh@néHf&mugpha@&%es%%cﬁ@FWﬂ/ réssqhe@rrh@gof twtte£ @hlgct or

34 shoul d extend horizontally into th

top thereof feFtt h%ﬁ?“ﬁ%@&?‘?fgb?q W‘(’hﬁmﬂ

t he vessel'.

of media par'fft

settling velocity to that of the grain 25 d = grain diameter of /-
volume [err] The uniformty coefficient of the particles is
he size of aperture through which 60 percent of .the nedia by

¥ Y1/ pass, divided 30 by size of apert'ure .through which 10
of~.t He nedi a by wei ght wi M®~ pass. Water is filtered by passing it

ter vessel at a Iocatlon near the
hape oef&qcrféc grayify §9-legy thash of

080 Wedst priferally| ®6d Biedid partet1Be sikaild hbee @fspe&IERI driaRBtyldgdui d at
multiple lo atlﬁﬁgtjﬂ%the cross section. of the passageway 22 w t hout

| 0ss.

d yet the collector should be such that the filter

can be ®stablished in an .uncovered tank for ease of access. 5 Collectors.

can be const uct of, L@, R B ARG 8RR SOlokd SHALIGRTcRIAL S |

- 5 and 8 illustrating

channe
channe

preferred since It I's ent Irely sel suppor
i f, for sonenilbmeders; a bytibantimel dHiltegtinmn of oifOtmeth't or effiueat plrem @ es 30

erred arrangenent’s

38 ike chesenedepending Iuaon sbe emgture) of \the avater Fpghe efllaereai siferd ar -

42|

exahipE' fifk médi’d“ siid %ﬂyé %e&‘?e 4ﬁve s@é %FR %%Cér?cf bty

not col | aps

even

cl i nbs lover HibRgikal tredtnirdhctbdified, eqbirds W hedMiHabirdgl 8k SsrePiee die froma

trough

15

20

25

30

35

between about 2.0 and 10.0 millimeters in diameter. The particles will have
a uniformity coefficient no greater than 2.0 and sphericity of less than 0.7.

. The sphericity of a particle is defined by the following equation:

h

¥ = .
. deq
. where

¥ = sphericity of grain
dh =  hydraulic dicrme'rer, being the size of a sphere of
equal settling velocity to that of the grain
deq =  grain diameter of sphere of equal vol_un_je

The uniformity coefficient of the particles is defined as the size of
aperture through which 60 percent of the media by weight will pass, divided
by size of aperture through which 10 percent of the media by weight will
pass. ' o

Water is filtered by'passing it upwardly fhroug'h the bed of such
particles 30 and is collected in a horizontal collector apparatus 34 which.
delivers the filtered water to the outlet 26. To allow for access and ease of

cleaning, the collector 34 should extend horizontally into the filter vessel at

a location near the top thereof without impeding flow through the entire '



42a.is shown in Fig. 3a. This arrangegent is desirable be- cause nedia and
other solids tend to fall outwardly and/down- wardly fromthe sides of the
screen 44a. It is alnost inpos- 10 sible for nmedira to clinb o t he -
screen; and tHe screen issless subject to plugging than in nost

collector types. Fig. 4 shows another alternate trough enbedinent. /s
troug,b' is substantially tubular in cross section, and includes a 'ower
hem cyki nder nade of a . soli terigl 46-15 and, an upper, hem cyl i nde
‘or arch made .of TCFEEFNAY &g.*ﬂgl‘f?sf—‘?alg. 'fgi,wetvﬁ’é' f'?%ﬁ@“e“crﬁ'ﬁé%f"t”ﬁlt%%?&z?tﬂﬁﬁ ar
screen. Anot her peaeivirg Hguidnatt meltipie)locdtond ifahé QradsegdctidhfWhe pdssdfeavay

covered opening Any ot the troughs can, include ns for auto ical - 20
ly cleaning the%sZcP”ééW”i At 8¥ir?e 2 C{ﬁsbgﬁ‘gg yeﬁq?ﬁ‘ rcﬂfe[cﬁornélqugéae such
debris. As il l usthabttesfilter [dog.bedestablishbé irban wacowered tankdfdrhease g atbess.
interior . of the trough and include spray ori- fices at periodical
intervals. Should the_screens becone clogged, pressurized water is

del i vered to the int depligcters zgn be qonstructed &P a sumbem ofprdyarjtegesushéart

backwash. t he scr afions, Fidsidsat £6 andB ﬁﬂsﬁhhﬁ& NAbst \HrefHPEd QFraRBERefrst Gpnal
t ubes 53 can sug:pg w%l;er '8243406ts Xg:,ch sprag ont o the exteri of Q? ;. the
screen to wash of'fY&dfefiR el 3onisservened by & Hebseraen 40y | While in Figure
shown in Fig. 8,3,axsipiletes_.apipe manifold 54 having a plurality of col-

| ector heads 55 located in a common horizontal plane. The 5° heads

are made of screen and surround the inlets to the manifold 54 so that
filter effluent can flowinto the mani- fold inlets while buoyant ia

particles 30 are held back by the heads. Al of the illustrated cgfl ector
trough arrangenents | -




g

10 Qvoid horizontal, cross-sectional, r dia-retaihThg screens and t hus~/

al | ow easy access, through the top of the4ilter vessel, to bed and region

t herebel o> Furthernore, the col- lector arrangenment is conpatible with b
ef fecti vegfMhods and apparatus for cleaning upflowfilters of fhe type

i | lustrat{es\; - As previously nentioned, cleaning the nedia
par- tict An be a substantial problemin this type of filter. And,.{ﬂp

avai l abi | i ty”of a practical cleaning method is es- sential to filter
operability. In the present invention, cleaning is acconplished 20 by

periodical ly di Shelal0s8a5 hublles Bhroualonla| Ll LY. { Nhd ldbfiEabed.

The anpunt of gas provi de s sel ect’ e Just su o0 reduce the

density of the fdddedni Bstpiefeazeageivie 32 19 bt Mlvheelensigporefinghe
particles 30 which make up the bed so that at |east sone-of the nedia
particles 25  anfesddhondly qpldebsg ewash tife fortsamehadasaparnisubstantiaie.

As the bed expands, nedia parj.icles segparate.fyomgne_another, | ow ng
trapped i npur.iti¥EUPE ﬁ%v %MFHIV %Wﬁé"%@%@o ™3| PEt g%‘eand

di scarded.5 To efdeeihvgby acconplish the dispersion of -gas into liquid.
in the bed, the apparatus of Fig. 1 includes a gas injection nechani sm 56

| ocated i'nside the vesselA2:deencatd, tWidchedlatepatiachitg Bfbm allteough.
i njection mechanismis a manifold having{a f eeder pipe 58 connected to

| ateral deliveryt2® is sheprsine@ig.wWen Fhsi arrangeswntedsi fesinahdentfirf ol d
t hrough an air intake |i ir_b | £s .ar o) e t I

ori f?ges I ociat elcf&lur?e.t 8h?aﬁb%ga gghfﬁr%g&'éhd%utt%?ﬁe%r%sﬁg- g‘ég‘f?%ér}%o%tgﬁg&%- '
passagevay 22 sGddaly, sedmi 9k @i8a81 &, tHeh@ckboh digi .t hiIR 1HeaNRTTAgRPEY- 22

is an air-water mxture. 10 By di spersing bubbles of air throughout the
fluid in lhe passiddendpr2eedizedoexpimsiaver theuscraan:i ahflytheidaneenaiseach
less subject to plugging thah in most other collector Eypes.
Fig. 4 shows another alternafe trough embodiment;
This trough is substantialiy tubular in cross section, and
includes a lower hemicylinder made of a solid mﬁterial 46
15 and an'ﬁpper hemicylinder or arch made of screening 48. 1In
Fig. 5, the trough constitutes a tubular screen. Another
variation (not éhown), is a perforated tﬁbe with screen
covered oéeninéé,
Any of the troughé can include means for éutomatical-
20 ly cleaning the screen should it become clogged either with
media or debris. As illustrated in Fig. 4, a tube 52.can ex~
tend through the interior. of the'trough and include spray ori-
fices at periodical intervals. Shbuid the scréehs_become
clogged, pressurized water is delivered to the interior of
25 theltube 52 to form spray jets which backwash the écreen as
illustrated. |
As an alternative, one or more external tuhes 53

can supply water for jets which-spray onto the exterior of



"hogi zontal. cross-section of the passageway 22. A differentsgas injagtion
mechani sm 56a i's shown in Figs. 6 and 7. Thi® nechani smi ncl udeg”q/verti cal
[feeder 15 ~ pipe 58a on which are nounted perforated delivery{ tAgds 60a.
. This nechanismis constructed so that the tubes 60a revolve horizentally to
di spense air bubbl es throughout the passage- way 22 when pressurized air is
suppli ed through the pipe 58a. Regardless of the vessel or collector used,-
‘regivn 20 R is provided between the bottom of the bed of particles 30
and the air distribution manifold. This region R nust be unobstructed by

screens or other'sgﬁﬂggggg “@t%gsgﬂ%%ﬁithEEEnQQ%PH@EQ novenent of the
So be of sutfici

media particles. It nust a cient volune to allow the bed to
expand 25 downwar dl y dura ngmeWwRaei dif fle@ehbecsiictbr had dhokpped FigUrI -
ties in the bed are rel eased. A conparison of a bed before and during
cleaning is found i% Regerisesrad pire manjfoddshbwkavinged Pluxadd tiopfatolm-
expanded condition whi.ch exists _dyrin rmal filtration. 3 Dur i
clbaning the bed | SHtBA AR SS Lpeated e dpgemay Rortignted aape-y B
partial |y expanded fiadks YWhehrdlinagkSok NddAUAC aHa L SUHMRA! BFe NBH1ILS! do L
medi a particles 30 descend, usually to the extent that the | owest particles
of the bed are | ocateed folidetd aoelthatbbilecdrheffiueritolain BPhow i irltes thel hani-
typically fill the regiaon R when_the bed is expanded, .but_w |l not descend
bel ow the air nani f‘?ﬂ’% gnlets gihile PRRHART Ferddy Parhiclesepl rakfingldaback
greater density th Q?% gggégu To achieve effective cleaning with a |

m ni mum of pro- cedural steps,'it is advantageous to prevent all flow of
liquid through the outlet 26ariuidenghé! EARist@aebdt & lkedor THidugtl arrangdments

acconpli shed by cl osing valves 66, 67 provided in |lines ex-
10 avoid horizontal, cross-sectiona;, media-retaining screens

and thus allow easy access, through the top of the filter
vessel, to bed and region therebelow. Furthermoré, thé col~
léctor.arrangement is compatible with éffective methods and
apparatus for cleaning upflow filters of the type illustrated.
15 | As previously mentioﬁed, cleaning the media par-
- ticles can be a substantial problem in this type of filter.
And, the avﬁilability of a.practicé}_cleaning method is es-
sential fo filter ope.fability. _
. . '_ In the present inventioﬁ, cleaning is accomplished
20 by periodically dispersing gas_bubbles thréughout.liquid in
the filter bed. The ampunt.of gas provided is sélected to
bé jusﬁ sufficient to reduce the density of the fluid in the
passagéway 22 to belq& the density of the particles 30.which
.make up the bed so thag at least some of the media particles
25  descend by Qravity.and the filter bed expands in volume. As
the bed expands, mgdia pa;ticles separate from one another,
allowing trapped iﬁpurities to move ocutwardly from the bed
to be collecﬁed and aiscarded.

To effectively accomplish the dispersion of gas into



e

tending fromthe outlet 26. In nost- open vessels, however, the valves 66, “
67 can nghe cl osed w t hout sinultaneouslg&fiverting the influent to
fhayopen filter vessel fromoverfl ng. Even in a cl osed vessel,
__ the out- 15 | et 26 woul d not be acceptabl e because it

3¢ Mater to back up at sone |ocation upstreamof the filter bed.
TO di vert e filter influent, a drain outlet 68, connected with a drakn/
line 70 is provided to renove water fromthe passageway 22.- During N
expansi on of the 13@1@’1&1:&? iHE bef, the Rippathess tdMIEgU Lniddiudeadaagss
separated, descend by gravity and are carried out of the: vessel through the
open drain out- liglje68ioVatachandsmt 5@|lcicagedhinsiidel thiei vessal @4nbpredgrned
to match continued flow through the inlet 24, £@nnval'of 25, Jiquid
“through a drain d&¢ bREVRY &arTdreas 34 ofhent? n pefRaniit 4 3 _
essential to keep.li.qui f Lo, t Bg: ol NEo VESSRIa12
al so i nportant tg“aﬁﬁgéggtHn@&qgaap%‘tg%ﬂoé?bgog?r%m eglftﬁg g%rri eda%utasxjé?%%ry
t hrough thegdrai Ruub3@ 60. When air iSdmeoduced Lretopltheeramifmld lthrough et
68; but these are prone to rapid clogging during -draining. In the filters
accordi ng- to t he 3w edenintakeediinenss i mdrebybbles rxreyParduerd atetthes is
‘located at a position at |east one foot. | ow,t he ai L. Lvery bes 60
of the manifol d SB™SFRPE o it‘ﬁegn?ﬁﬁa%?dé\}élnggeng{%ﬁef fezraoﬁ”lhd%!(‘:%hr? |tn5¥l?o' t he
| evel of the outlglysG8s8¥eibaVRAN chhepdfhdewadt 22 L MRALTUNLIng RARShDAG,
Al so, a nechanismis provided to automatically 5 mat ch the fl ow entering
through the inl etth¥ flaid heidHiowthé paspageweyi 22 nip tam edyhwater ddxtnrei ne

70 so that the nedia bed.remains at the surface. In the aggarc{;\t,us tgf Fig.
1, such aulmnatemPXI4§ﬁPer5ing bubbles of air_throuqhout thg flui ln. e

passageway 22, bed'expansiqﬁ is ;ubstahtialiy uniform at each
horizontal croés-sectioh of the passageway 22.
A diffefent gas inﬁection mechanisﬁ 56a is shown
in Figs. 6 and 7. This mechanism includes'a vertical feeder
15 pipe 58a on which are mounﬁed perfdgatéd delivery tubes 60a.
This mechanism is conétructed so thaﬁ the tubes GOa revolve
hdrizontéily to dispense air bubbles throughout the passage-
way 22 when pfessurized air is guppiied ihrough the pipe 58;.
Regardless 6f the vessel or collector used, region'
20 R is.provided'between the bottom of the bed of particles 30
and the air distribution manifold. This region R must be
unobstructed by'screens.or'dther strucﬁurés whicé would
limit downward moﬁement of the media partibles. It must
also be of sufficient volume to allow the bed.to expand
25 downwardly during'cleaning to.the extent ﬁhat trapped impﬁfi-
ties in the bed are released. .  . -
A comparison of a.bed before.and:during cleaning is
" found in Figs. 6 and 7. fig, 6 shows a béd in the normal un-
expanded condition which exists dnring norm#l filtration.
30 During'cleaning the'béd.is expanded as illustrated by Fig. 7,
which shows a partially exéanded bed.

When air is introduced through the manifold, the



'r@;chi ng i.s acconplished by neans of a flow neter 74 to 10 nmeas, ;’-y
rate at which influent is entering the filter vessel 22. A conbi ﬁ 2
nmeter and auwtomatically actu- ated valve 76 él{e i ncorporated. in th'-
line 70. A processer 78 is connected between the entrance flow valve 74 and:
exit flow valve 76 to continuously nonitor and com pare the rate of inflow
and outflow. If the rate of inflow becones out of balance with the rate-.of
outf'\(_))/v, the proces- sor 78 signals the automatically actuated valve 76 to

open or close an a r; apa]l! a L1 I L St ERn ,
the level of watermlgélg?héé&t\}gggg? %52 éiegc?rgé'n?&g}gl'? %%i()ér%‘eed egttggt the

subst anti al I'y consflenést exsiticbeerosl thienbed | & locagedhirmedibeehehbosre the
expanded. Fig. 8 shows another. automatic control systemfor nmintaining a
t

substantially consPanifeldre| Partiqlps #ilth trriopdducfFilh rihvey resiemihghapt Khe
the effluent Ii | o lna? t s ' f |
8°1 < connect ed by SRt b B SR, e Hid (Y HeUERhe, Buta’ g 8Ly ipeiiiane"

liquid in theschamgrc8Aiduial ¥eyd ahathgeballerdrainl 26 d igrdhdek n&drid tishe
passageway 22. A float 88 inside the vessel .82 connects  to an automatic
val ve control |l er 98hanfthemeddgel of |iquid inside the chanber 82 falls

bel det I ned | | duri | i ng, of th ilter, th tral
%0 aut omat | cal |y ¢l oses a vAP/BSHET FRECHHR FUSRRLAT MU enFLaHE 45, g o-

level of |iquid t0cehagal Muddplh 1hera/Qanghe et SNEHDRNS A1 ThEos QK I Ol

may al so be constructed so tha the float™ 88 exceeds a predeterm ned ,
maxi mum | evel in thdgqebdintieroudh, tiideouthetr 26 -ddxingd6l eagitg ©ft kive Viddie F8is
to open, thereby draining liquid 10 fromthe vessel .until an acceptable
reduced | evelOis rd&chetPrBkishpdchy [FLaTnRpLYest K6/ pf L RvidRdetn | binasamx-
he : tending from the outlet-ZG. In.ﬁnst open vessels, however,
the valves 66, 67 can not he closed without'simulténeously
diverting the influent to prevent the open f£filter ve;sel from
| overflowing.' Even in a closed vessel, merely closing the out-
-~ 15 let 26 would not be acceptablé because it would cause water
to ‘back up at some location upstream of the.filter bed.
To divert the filfef influent, a drain outlet 68,
- connected with a .drain' line 70 is pi:ovided to remove water
from the passageway 22. During expansion of the bed, the im-
20 . purities trapped in the bed are separated, descend by:gravity
and are carried out of the vessel_throﬁgh the open drain out-
let 68. o
Valves controlling the drain line fo.éan be opened
to match continued flow through the inlet 24, Removal of
25 liquid through.a drain can, however, create problems since
it is not only essential to keep 1iquid.frdm flowiné over
the top of the vessel 22, but also'impdftant to prevent
media particles 30 from being carried ouﬁwardly through the
drain. |
30 _ Screens can he placed over the outlet 68; but
these are prone to rapid clégging during draining. Ih the

- filters according to the present invention, therefore, the '

drain outlet 68 is located at a position at least one foot
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const r ucted

rcul ar cylinder shown in Figs. 1 and 8  For instance, Fig. 9
el 100 which is a 15 substantially horizontally extending
i nder closed at both ends. A passageway 102 is defined between

1}

N
in a variety of configurationsi@her than the open-topped, NS

forming a bed through which liquid nust travel fromthe inlet 104 to th‘:;. .
1ds

outlet 106. A collector trough 20 114 is a foram noys tube which ext
‘longi tudi nal |y cbelmy tthe abp dsliveey coHies §8r ofnthe FRRLEPLA 13 + &Pt | et

106. A gas injection . manifold 116 includi a | i 0 al tubes
120 connects to %‘?F%W&&Egl?ﬁeé’ei‘%i.%%wf szggcggé%%ier‘%éotﬁéé?fee% of the
particles 110 V"f%f'%ﬂeoﬁﬁhig'@_&e‘évea5when Lin@Uihdai s rMacedmaRimiiglexa drain -
outlet (not visible) which connects to a drain line 130. The operating -
controls and nodgamfiomper Atsmn & mechanispds arovidedvie antenytiapliye
similar to those di scussed above in relation to Fjgs. 8. Yet

) d
anot her entsodi mePatahs t8gohtY rP‘ﬁ?@'?-“iOﬂW?é’ﬂ'é‘i e ?teguggﬁamﬁ J2or3Rt
i ncludes a Vesseii%u"il% Q?#Eﬂ%atﬁ%hbhlége!&a%eﬁ 8rfs o RnbECLAOMIAL
0 the vés- 1

cylinder. Adjacen sel IS a headwat er conpartnent 142

whi ch receives wé@rrdmailyi &€ tHe aubcasesufficient for noving the water
upwardly through the filter bed. The bottonms of the headwater chanber 142
and the vessel 138 are infarthmranpesated PF Fifdel ansygll aptemated flgdrer to

e e VeSSl g b hE e b bR o R WEROR B L0
the | %ﬂ 4 ANflefiild Plenldfate A LAUGH 1aNGeRY! LECLRerln khESeoRIECl | €l
the bed al ong wi ¥esserdrazi.n RUtdnidinkGS fhoml mirteon ahdnautomatically actu-

| - ated valve 76'are_incorporated.in‘the drain line 70. A

proceésef 78 is_conﬁected between the entrance flow valve
74 and.exit.flow val#e 76 to continuously monitor and com-
15 pare the rate of inflow and outflow. If the rate of inflow
| becones ouﬁ of balance with the_rate of outflow,.the proces-
sor 78 signals the automatically actuated valve 76 to open
or close an app:opriaté aﬁount to balance the flow. In
this manner, the level of watér in the vessel 22_is main-
20 B tained at a sﬁbstantial;y constant level, even during clean-
ing while the bed is expanded.

| Fig.-8.shows another automaﬁic control system for
maintaining a substantially constant level of liquid in the

_ vessel during.cleaning with the effluent lihe closed. 1In |

25 this embodiment, a fldat valve chamber 82 is connected by

a pipe.84 to the interior of the_#essel 20 sd that liquid in
the chamber 82 is always at the same level as liqgid inside

the passagewaylzz. A fioat'ss inside the vessel 82 connects

r injection apparatus 156 are provi ded bel ow
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160. Fig. 10 illustrates sone of the gscific advant ages of the
present invention. Water delivered to the'fli_ ering system shown col Leets
.in the headwat er.chanber 142 and is free to rise or fall independep “
~ the source of the water., 20 ° The chanber 142 is constructed so{tha
wat er can not -fl ow back fromthe chanber 142 into upstream appar at™ 0
cause backups and overflows. The open top of the apparatus shown in Fig:r 10
ac- xonmodates a novabl e bri dge nechani sm 164 which can travel 25 .
across the entire tsuphagetarfatiibevdive eonsndllen M .supports apparatus that
depends into the water inside the vessel 140. In the illustrated enmbodi nent
"a siphon-type sludge renmovdif &8¢ tevedf of Ligtididasifpeth e fhamBer 8 ent No.
4,094,785 to B ' rri - r§ s dN f. a de-
vice woul d be amk%/(a&%soir:éi&nggsg?g?%y?&?ﬁg *%eﬁéégge%év%%@c?gse at the
top or if the bed fifiteedi thpabhtedElorlH0 watoniizialed aludes ar vAEt®wWA
hori zontal screen. 5 Fig. 11 shows an apparatus simlar to
the one illustratd® therizpin dinad?Comiebperitsery thempeyrintef ddauidrked with

simlar reference nunerals. .The arat.u Fig. .11, however, includes

nul tiple filter vé‘?sgggel &-"ngg}Pgh‘fe@ﬁeghgﬁ ea"t‘grﬁl?ﬁﬂbﬁﬁl o TREsPHHY pl e
cells are connect malOalse K dofsPAlAdElsoaiilaayr QARG i Sael ACLRBleds a
Advant ageousl y, flow through any individual filter can be halted during

cl eani ng or mai nt @radetexfiredpankinud devet| inwiid ehembet 82, rhpt eshfdolw
~continues through _the others. The present invention further conprises other

mlti- 15 unit 1FsPRaEiTRLs; fBe pYAive @3t ForPRIm nsherekbraiping bignid
pended i nmpuriti es'ﬁéﬁkﬁh%‘%ﬁ%@%eﬁﬁ@ﬂ la'n”%é:{:%fa%gl@' readeed Zeve1°:2" tddflea.

tank 160 has% wal nes a _
A filter according to the-present_invention can he

constructed in a variety of configurations other than the
open-topped, vertical, circulaf cylinder shown in Figs. 1
and 8. For instance, Fig. 9 shows a véSsel 100 which is a
15 substantially horizontally extending circular cylinder
closed at bhoth ends. A passageway 102 is defined-between
thé level of the inlet 104 and outlet 106 with media parti-
cles llo'forming a bed through which liquid ﬁust travel
from the inlet 104 to the outlet 106. A.collector trough -
20 114 is a foraminous tube which extends longitudinally along
 the top of the container and connects to the outlet 106. A.
gas injection manifold 116 including a plurality of lateral
tubes 120 connects to an intake line 124 and is located
. " below the level of the particles 110 which form the bed.
25 ﬁiquid iS'removéd'through a drain outlet (not visible) which
connects to a drain line 130. The operating controls and
mode of operation for the'appatatus shdwn in Fig., 9 are

similar to those discussed above in relation to Figs. 1 and
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zone 164. Inlet neans 166 deliver a strea71 of water with suspended solids .-
into the se{tllng zone 164 wherein the 20 water is partially clarified
Partially clari- fied water |l'eaves the clarifier tank 160 by

outlet, illustrated in Fig. 12 as a weir 168. Water passing

'r 168 is delivered to a headwater container such as a pipe 170

g | evel can, 25 'to sone extent, vary independently of the » 7

| evel of the ligyjd in the clarifier. The pipe .110 delivers partially. V{
clarified - water'to the inlet 174 of an upflow filter vessel 176 which

defines a vertical passagey@y angtnh¥ft@ibdaburenis hdoiml eh B, andwABreis £t
178 | ocated above the inlet. Buoyant nedia of the type previously described

is located in thefﬂ&ssehppar%:us 136ningindes 9uvé$-‘i§lerlt38tba\fmgnaawﬁﬂ-baﬂmg
filtration bed. a es wat er to ow fr hep e 170 int o
.vessel 176 and tg’bﬁ’bﬁ Flh s&f §orF‘6"fﬁi‘%‘§'th8yf Aaé?%? nt p?"b’é"‘
170 is greater than 4hg ksvael 0l MOLE ool ifeht | 16 }e‘ié el 1Qat

Anot her advgnt agte%él}slsyst em |}T ugtrat e%n{tg)? Fig 12 hgs sllﬁdee%gy se|sdeau;e)¥ | ow
and downflow fil ttey vessdels & HeadlBREffidiene uray_mwmytnetwsm ap&a eaFoN
wal | . Water which |leaves the filter vessel 176 through the outlet 178 flows

into the top of tH&edghntrevfiliterebedherihe h_@tm@ $he he%egycl_ggnber
fl ow ng dovvnvvardly thr ugh sand ot.h no. oxa nedi
arrangenment is i g Fi 28 e%§? ecc}ﬁ‘sﬁﬁf) aﬁcl{e\é 3% rw%?’e r?{‘/:{'%tg

force which rai quad 730 gatd¥ QaOlntEe &‘Hé AEs¥ESSEn bhelbe Bld f'@rokEded
necessary to supply in- fluent to the downflow filter 180, even it the

filters 17@p 20 neari8Beatep mf lthet vessnl MﬁEWétlewtﬁe@nc’ﬁnmm gegdia

al ongsi de each ot her .on | ey r.oun Chem, cal ound jd filtr t| on,’
particularly in tBRFIGHATI B%’ flnglpgr a%ﬁ:.edcgﬁtween e 108 et 10 nd outfac

146. A trough-type collector 154 lies parrellel to a wall of
the vessel 138, Air injection_apparatus 156 are provided
- below the bed along with a drain outlet 158 and drain line
15 160. | o |
.qu. 19 illustrates some of the specific advantages
of the present 1nventlon. Water delivered to the leterlng
system shown colleet;_in_the headweter chamber 142 and is free
to rise or fall indepenoently of the source'of'the water. -
20 | .The chamber 142 is const:ucted so that water can not flow
- back from the chamber 142 into upstream apparatus to cause
backups and overflows.
The open top of the apparatue shown in Fig. 10 ac-
commodates a moveble bridge mechanism 164 which can travel
| 25 across the entire surface of the filter and which supports
apparatus that depends into the water inside the vessel 140.
In the_illustréted embodiment a siphon-type sludge reroval

device of a type described in U.S. patent No. 4,094,785 to



be added ei-t her- upstream or downstream of the _upflow fil ter. Thus, in
12"/ coagul ants, filter conditioners, pll ad }35 j ust ment chem A
the like can be added t hrough ei t her an upstream | ine 182 or a downs
line 183. It can further be seen fromFig. 12 that a conpre- hensive
purification systemconprises a clarifier, followed by. an upflow and then
a downflow filter to nmake nmaxi- 30 mum use of the avail abl e head and

m ni M _ze or avoid the cost of i ncorporati ng and operating punpi ng

mechani snms. A very fine q al it uce y ch a td tag
sys- tem And, thPQH] a‘%‘éﬁ@ﬁ%nﬁ%ﬁ: ﬂ%efj%‘ﬁ'l yﬁ‘g sHET 1° dlsf‘f:gren‘g in
height is required &%@N%mah?e Whclrard %@Qmpéssibl&qrfplthahfﬂaféza%esel
entirely by gravity. It is also a discovery that certain upflow filters can

be used to sol ve spesxef ictosed fdt ahlet tép |dar difi tine prablodnpedia grartlcihswWssan

apparatus according to the invention-specif- ical]y adapted for use in
filtering liquids CHf Fehphged abovegor belm Gs}‘%rﬁm 8FT¥rer materi al

which forms agmt as the SUSP%.d'ﬁgsﬁ&v%” akg%@?%‘j‘g{ %lig,glgfd&e({h IOLSV

medi a. The apparatus of Fi I'S very ‘si own inoFIg. 1 so

that both figures cmmitaaaedwﬁ)migof m:oarfdes:aeadsmadmi;ewméwgeaabs. The
apparatus of Fig. 13 can enploy 15 filter media having an effective
size of up to twentgaxnked witmig\iéarlx@@lf%r@fcel awgrelraJ@r f eEhevapparagus| ofs

|l ess rapidly so th yse di a of anlﬁgec et ween ten d ...
twenty i limeters T8 an WRGTe et E‘H%ngf F| Vetanie, 1ABATLIIA
fibers or other SO'M%hV"QhQPef&{rﬂbﬂ FRits A ZHese MRl fpl'enbgfié %e”%éﬁﬁeé@-‘l
is located about six to twelve inches below the bed of nedia particles 30
for directindlgets e imiparallelo dndechrdogeraltecadgetthdrhe Réatantafgebubly,
which formon the bottomof the bed. Pressurized'water is
flow through any individual filter can he halted during
cleaning or maintenance of a particular cell while uninter-
rupted flow continues through the others. _
The present invention further comprises other multi=-
15 -unit systems for the purification of water containing sus-
pended impurities. Such systems are illustrated by Fig. 12.
A clarifier tank 160 has a wall 162 which defines a settling
zone 164, 1Inlet means 166 deliver é stream of water with
suspended solids into the settling zone 164 wherein the
20 wateé is partially clarified by settling. Partially clari-
- fied water leaves the clarifier tank 160 by means of an
outlet, illustrated in Fig. 12 as a weir 168.
_ Water passing over the weir 168 is delivered to a
headwater.éontainer'suéh as a pipe 170 wherein its level can,

25 to some extent, vary independently of the level of the liguid

in the clarifier. The pipe 170 delivers partially clarified



supplied to'a distribution p| pe 186 havi ng?a nunber of 25 nozzl es 188,
20t WWdi rected horizontally or upwatl y. The pipe 188 can be fixed or,
F¥eyhative, . may conprise a rotor having an interior cavity which =«

con- .ne@gs'/to the nozzles. In the illustrated énbodi nent, watef is
suppl i edy0 the cavity through a central vertical shaft-and neans are
providetl to turn the rotor so that the jets 5 -~ nove along a horizon¥

path to break up any mat which fornms. The procedure for operation usin
this enbodinent is nore fully explaine belo TI ON Wi
believed the gen®%#* FfeiBEi Yh-f 1? }ﬂVeﬁﬁAtcﬁf WePP 1%&’&1§f‘ood

from the previ oug gﬁe%r Q,%ﬁ@l%yﬁ th§ wi Bt YL ReRCHS £ 9'{ < ned as

operation, parti ng procedures, aré ex

follows. In eachyrsbad ﬁanbutiéﬁeﬂaedlaeafﬁaeﬂabvehfnklmhlbﬁ. Bud¥ant gedgat he
desired anpbunt of particulate filter nedia inside a vessel and then filling
the vessel with @fttve sypehpreviotsdyt fesftided ésfioeated inekhe veassl dp be

filtered is introduced into t f the war dl y
“through thz5 bed B TR 5uEFE % é&e% i fyvg g?'ngzoélq'trafg'éméozﬁode‘ct ed.
Periodically, méﬁa\fi@Nu&BéQ%éﬂ"QobEﬂoﬁr% eht pipsuyperded apl i ds br eak
through, it is necessary to clean trapped inpurities fromthe bed. To
acconpl i sh the cvessel 17§, and stmeaghothedsed sbbllesgiss dihet Lebel exf uni formy
into 25 water at a |location upstream of the bed. As the alr bub- bl es
move into the be¥Bt®hdmaFBraBEPRdi 5 SFextan JheR Ee syali of rerkR%ed™t o

the point where %tfﬁlf_Q. bgs;&e 1b,<gd descend. As particles descend t he
bed expands and I npuriti

0 Another advantageous system illustrated by Plg. 12
has side~by-side upflow and dpwnflow filter vessels 176, 180.
These may or.may-not'shafe a ocommon wall. Water which leaves
the filter vessel 176 thiqugh the ocutlet 178 flows into the
top of the downflow filter where the water is finished by
15 flowing downwardly through sand or some other non-buoyant
media. The arrangement is ideai to minimize energy consump-
tion because the driving force which raises liquid through
the filter vessel 176 is all that is necessary to supply in-
.fluex}t' to the downflow filter 180, even if the filters 176,
20 180 are built to the same elevation and located alongeide
each other on level ground. Chemical compounds to aid
filtration, particularly in the downflow filter 180, can
be added either upstream or downstream of the dpflcw filter.
Thus, in Fig. 12, coagulants, filter cbnditiohers, pl ad-
25 justment chemicals and ﬁhe.like can be added-thrbugh either
an upstream line 182 or a downstream line 183.
It can further be seen from Fig. 12 that a compre-
hensive water purlflcatlon system comprises a clarlfler,
followed by. an upflow and then a downflow filter to make maxi¥

30 mum use of the available head and minimize or avoid the
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ped during-“filtration are released so that they can be washed out of
the filter vessel. There are two ways to di b arge separated inmpuri--ties
fromthe filter vessel . One way, described in reference 5 to thel
apparatus of Fig. 12, is to close the valve 66 which connects.to the
finished water line and to open the valve 67 which connects to a drai
line. --Wiile air expands the bed, water is allowed to continue noving
upvvar\d_l,y t her et hrough, carrying with it separated inpurities., The valve 76

remains 10 - cl oRd 69 {rdtlrpseheind af@NopeidtitRp push il IRkchdaishons A nt o
the collector 34 and through the valve 67 to the drain. Normal filtration

is resumed by stoppiery fhee gualfikpvwatet dis- produaeg dyysuelsialthkesostaie tsys-

fl ow t hrough the drain val . As soon as water of sufficient clarjty is
bei ng col l ect- 15 EeMegghn %heg’tfr é?fﬁt%lj\?e"el?ylg"’“lﬁa&%ﬁy Pved §8hk

reopened. Anot her '@.tflfggex§c9é 9 %‘é*ﬂ%’(i)?'tfokﬂqrggﬁﬁfé’& %t&v@@ﬂrthe ting st £OMmdNe

vessel is to drain water fromthe the vessel at a rate
substanti al | ysequalcdmplﬁ.h}e opdratdbdnf értiriellyobghgtavetynl et whil e gas bubbl es
are being introduced into 20 the water. This halts the flow of water

through the outlet, without X d8i ASh & ALPEovery HbasucrEtaly UDERRY afillitansy
lower- ing the Ieveé Ogel LS q;o'g 1 P¢ ee%?.%kc d‘E{ &%ﬁi‘? %fli tﬁ%l?hakpc%lﬂ.%ns.

rate and influent rate are autonar caI y SEnsé

. hei ght of liquid |@$gdelbh§mﬁﬁ§%Q| ratusi ScéSddilra RE0LN tiHvankion specif-
predetermned range. If the liquid being filtered contains fiber or other

mat eri al s whi ch t erddaldyf adaptedrdorowse Ha filtering liguids candadhdaai er}-
process will ot NS 163ge Phhdri o2 Sl nalebffil Whih' Bofts a mat as the
isuspending liquid flows through_ﬁedded filter media. The
apparatus.of Fig, 13 is'véry similar to that shown in Fig. .
1 so that both figures contain a number of corresponding
reference numerals. The apparatus of Fig. 13 can employ
15 filter.media having an effective size of up to twenty milli-
' meters. Media of larget effgctive size glogs less tapidly
so'the.use of media of an effective size.between ten and
twenty millimeters is advantageous if.the liquid to he fil-
tered contains f£ibers or other solids which foxm a mat. A
20 watef injection means 184 is located ahout six toatwelve
inches below the bed of media particles 30 for directing
jets of water into the bed to break up the mats of fiher
which férm on the bottom of the bed. Pressurized water is
suppliéd to a distribution pipe 186 having a number of
25. nozzleé 138, preferably directed horizontally or upwardly.

The pipe 188 can be fixed or, as an alternative,



water into the mat sufficiently to dlsrupi?ihe mat , pref-erably whi | e “
dra|H§ g water from bel ow the bed so that the mat is noved downwardly and

di si Drafed as it passes through the level of the water jets. Such

dr ai .5 ~can be acconplished by opening the valve 76 in the case of
the apgaratus of Figure 12 so that the bed of nedia particles 30 push the
mat downwardly post the distribution pipe 186. The disintegrated mat ptfzes

fall to the bottomof the vessel and are carried out through the drain ne
70. 10 . AdE cmpikise 0N witorhRapimsaml intueid: avlick| whish kReh-be
understood fromthe foll owi ng exanpl es. EXAMPLE I 15 : Tests .were

conduct ed to det®®Ffshdot ﬁbes%ﬁzt%i-ﬁﬁl-i t In gthey dphnatratash emppdinent owathe
present inventiop, for he f f efflue t fr ct ed
Dl tdge sewage t roa THERL LB e ppli by BReR p coqrist R voBERAL 9p LS
shown in Figure dng G@atnel ar@fpf&viataesw ME tRENEMES L ol Bnae fidd ?"et%m urm
three inches (7.6 cm in diameter and ten feet (3 netres) high. O her
vessel s hawi ng amevpi@lengr ashpsizonitah phtht éenbreahep (@49, Sathioh Hfosise -
and eight feet (2. 44 m gg re al so,used., During the tests, filtered .

i nfluent was fe geB?

top. The effluen rough covered with No. 16 wire screen to
prevent the Iossfcﬁﬁy e%ﬁigi d?ﬁ%ﬁ&rlne was provided at the base of the 25
colums and air for cleaning was suppli esperRaraogh f[err] inch (6.4 nm
tubing located at a di stance bel ow the bed. Separate tests were conducted
usi ng pol yet hyl ene pel | et Yhbkei j¥olis- be#iﬁxﬂdembepe¢nenai p@ﬁrﬁtiqnﬂoﬁnéuea

ticl 30 Th || et h h
e e e R e

“have an effect i V@ Sire apbazaudl |v5kﬂ§ﬁ§r§sp%Q@saofmtﬁeDrdﬂeE¥t§9§f f;sa@tqea-of
about 1.2. Specific gravity of ‘t he beads was 0.96. 35 b. The polypropyl ene
medi a had a roughamslyr ftaeefahdemﬂrleaamgglpndc;edahepedarémpﬂ.&me@raan ty of

t he poI ypr opyl eng was 0 90 Pel I ets had an

In each embodiment,-the bed is estahlished by
15 providing the desired amount of particulate filter media
inside a vessel and then filling the vessel .with water so
thaf.azflo&ting bed is formed. Hext, water to be filtered
is introduced into the inlet of the vessel and flowed up-
wardly through the bed to the outlet wheré filtered water
20 is cdllected. |
Periodically, whén flow through the bed drops off
or suspended golids break through, it is necessary tg clean
trapped impurities from the bed. To accomplish the clean-
ing, a.stream of gas bubbles is distributed uniformly into
25  water at a location upstream of the bed. As the.éir bub=-
bles move into the bed, the average density of fluid in the B
bed is redqced to the point where particles in the bed

descend. As particles descend, the bed expands and impurities

%) PPEEARIRT, RS a R B FOSIeRE | $£0PE8 at the |
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effective size of about 3.5 nmillinmeters and uni forni ty Toeffici ent 7~
.about 1.8. Ln coiparing the two types of nedia, it was found that theB/
pol yet hyl ene"redi a was nore sensitive to flow rate. Specifically, it .
inefficient to operate a polyethylene nedia bed at a rate of higher tha
gpm per square foot (400 litres/mn/nm2). At that rate, no nore than about

- 30% of suspended solids could be.renoved. A 50%renoval of solids 2
requi red reducing the flowrate to 6 gnp per square-foot (244 litres/mn/m
) 10 or less. The results were nuch better when the pol ypropyl ene nedia
was used, nost |i kdirppged durimge filtwhiloar asaapsl caketihso pivait ¢heg wdn W

I ncreased the interstitial volune of the bed. Fifty percent suspended
solids renoval coul"?SBEA R4 SfedhevEH tar VP8HEYates of twenty gpm per foot

square (812 litres/ mn/n2). LADGJAY D dEPLA hree t eyen f.eet
(91.5 cmto 2.13.m were tesi?%g? égés]pendgépgoﬁo rsggxrgg]% ?/\%P?rgigﬁai RO y
| ower when a bed oftiebr o agie E21tér GsseRsS USRH wad, SBbsdranldaakni ACFRRICe

in efficiency was used when the bed'depth was increased to five feet (1.52
m. But, operation 8t the2aprarg&pshobiFigeydn, f ettty Z2108e nfhervadivecls | whiche

or no inprovenent filters,coptaining fjve feet .52 of . medi a. The
above test resul ts%\éﬁ ST Eﬁ(?ygb’?rsgfﬁt gﬁéﬁ‘\@f‘@ a.& dER ARFPnERS WEY'S 17

influent containedwyhees &didiectd &8/d dlfaiﬁu§in@?n%giéoeighc faié@ﬁcéle i, t he
‘sewage treatnent plants where testing occurred. However, n t he suspefded

sol i ds content was wateress edlowedttapontinue anshiovgt upeatdly; thlageehfdusent
fromb a filter con}_ai ni,ng the pol ypropgqllene. medi a was essentially
unchanged, di spl ayi*A§*H*?e | 1B PeRTahed HrPuiddes9qofhe (valigs 76 prrrarins
that - renmovaly @f fi Cic@Rg¥q Wd +paRC ] ' eas| | of | t | i ds,
content so the above ??guresth(%gnglgg%ler%\g%%gn%% %%PP%F%C@&E?‘S %‘g?ws into
conparison purposexhe collector 34 and through the valve 67 to the drain.

- Normal filtration is resumed by stopping the air flow and al-
lowing any :esiduel solids to :low threugh the drain valve |
67. As soon as water of eufficient_clarity is being oollect-
15 ed, the draiﬁ valve 67 is closed and valve 66 ie reopened.
. | Another method fbr discharging separaﬁed impuri-
ties f;om the vessel is to drain waFer from the bottom of the
vessel at a rate substantially equal to the rate of flow
throggh the inle; while gas bubbles_are being introduced into
20 the water. This halts the flow of water through the outlet,
without closing a valve on the outlet or substantially lower-
ing'the level of liquid in the vessel. Preferably, the
draining rate and influent rate are auﬁomatieally sensed
and matched so that the height of liquid inside the vessel
25 ie_maintained Qithin a predetermined range.
If the liquid being filtered‘containe fiber or

other materials which tend to form a mat on fhe filter
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air to wat erdisirddgrated asmit phssehéhsweblfhe deval xof the \mfe!' he’rsl-l &!nfddltqmlme
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ective [err] is the

Bl er air res
nbetto gl? ¥essel opd %"et‘f?é"ﬁﬁt"gf ﬂF’Péf@'P itBndreinding Wore. Since Pa

of m xture,
air fractio
is much | es
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expansi on.

15

20

ectively with only a small addition of air properly applied at
) of the filter. Air was Zuected into the |iquid bel owthe bed at
2nt 15 di stance that when the upwardly travelling mxture of

parently due to a reduction in fluid density to about the level

| h | | frrt
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nwaoemm ¢l friatisoffitiently Herdisropd digg mdFp paeferd:lye vehi lehdtmining

lyoh NESROBREY, Yo EANGE 1S GROSEAY RTrblEs [dcivbell, afgam unt

to over cone buoyancy |ume ra

speci f air neede

s than p, the above equation may he appr oxi mat ed to: [err]
nt mdl‘l’ﬁeh&:\grgﬁog P ?I‘?e' fp'rg § a'\tlu{lét¥t|on w1ll9fx.u<r9he9r’ be uncpe?g‘ood

from the following examples.

EXAMPLE |

Testé were conducted to determine the suitability of apparatus and
process of the present invention for use for the filtration of effluent from
activated sludge sewage trea’rmenf plants.. The apparatus tested was
generally as shown in Figure I. Certain of the tests were conducted in a
filter column three inches (7.6 cm) in diameter and ten feet (3 metres_). high.
Other vessels having a square cross-section sixteen inches (40.6 cm) on a
side and eight feet (2.44 m) high were also used. During the tests, filtered
influent was fed to the bottom of each column and effluent collected at the
tdp. The effluent collector was a trough covered with No. :16 wire screen to

'_ pi'e\ienf the loss of media. A drain line was provided at the base of the

25

columns and air for cleaning was supplied through & inch (6.4 mm) tubing

" located at a distance below the bed.

30

- Separate tests were conducted using polyethylene pellets and poly-
propylene pellets for filter media particles: '

a. The polyethylene pellets were' the rhore spherical in ‘shape and
had a very smooth surface. Sieve analysis showed this test media to have an

~_effective size of 2.9 millimeters and a uniformity coefficient of about [.2.

35

Specific gravity of the beads was 0.96.

b. The polypropylene media had a rough surface and were angularly
shaped. Specific gravity of the polypropylene was 0.90. Pellets had an

to.
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Therefore, a limting value of [err]=0.90,for or [err]=0. 90[err@

(1- 090) P 090 Pa [err] = 0.90/0.10 = 9 Thus the maxi num wat ratio
Jor bed expansion is about 9 to 1. Te?s{ showed that for a seven foot: '
(2.13 m) columm of water.containing a fiveloot (1.52 m buoyant nedi a bed,
expansi on woul d "occur in about one m nute when air was added at the base of

the colum at a rate of 3 - 2 about | cubic foot per mnute per square
foot\(/0.305 [err] of filter 5 area regardl ess of nedia size. Thus, the

-ener gy expendidfféctiveOsiz€ RE abblN3.55millIRETRS drid & LSRGy iy X381 fidTBS of Bbouthi s
method is m “'[”E" This is in sharp contrast to energy expenditure

requi rements t'd-cl ean a conventional rapid sand or |ike heavy nmedia filter
by air scouring during 10 backwashing. For exanple, to obtain equival ent

cl eani ng. of a heav P a i ai oW i ng,. i t..woul dc.be .n Ly to

suppl y about thr eewgggg@gf’@gg (&)&fe gt&’o pt«%Pg% %t”égdﬁ%’r- 'g\é\g’g? ef(fug‘gt Efl%gfséﬁg '
[err]/ m & [ er Pojyedhylene reediqpdds nwing |sensidivevites fliowgratiet h Specifically, bemwesen
~about fifteen jao@d;d: 5 bi | i ' ip)

dependi ng on t‘ﬁiﬂglg‘eﬁ ?ngbﬁ}g@oé?2§wgnedrgp gé.ﬁq\eﬁméﬂsét ta %tesléf)lhiﬁshte ? gﬁrré)é/nallp

ef fici ency of SPBYPRISHFHSIAP &@Qi lafrﬁ/mlgﬁg Inobt dhatarateqd apenerenthapeheued

depth, flow r 0% ag¥d shplehddtsofidar @l® e irbfmdved.! . WAS0MD HBRhol &R t tids

average sol| ekt A\ ML ARl L CORRTCRTL She 70 CIbfla vay, a0
whi ch wadOabowr leesn fThedrdsulybererehmoct (B‘e_ttercwhsfeomhé @lagdgrdsmgbﬁe gr}ddzcgmugegiea.
achi aved at o eBENeR sty F g0 Hhe eglch ¥ohe, 8P 1 Ratricle] ST pphtted
| i tres/m n/ m)theiinterstifial woluong of th&Deyl. beifity percent suspended solids removal
could be achieved even at flow rates of twenty gpm per foot square (812
litres/minfm?2). o .
- 15 _ ' _
Beds ranging in depth from three to seven feet (91.5 cm to 2.13 m)
were tested. Suspended solid removal was significantly lower when a bed of
" three feet (91.5 cm) was used. A substantial increase in efficiency was used
when the bed depth was increased to five feet (1.52 m). But, operation at a
20 depth of seven feet (2.13 m) produced little or no improvement over filters
containing five feet (1.52 m) of media. ' |

The above test results and efficiency percentages were




25 EXAMPLE 2 In another set of experiments filter col urms 18 inches (45.7 -
s.di aneter and ten feet (3 m high were arranged generally as the
Ay us 30 shovvn in Figure 1. Subnersi #3 - punps installed in the final .

pr omide:- second- ary clarifier effluent for f||trat|on Conmpari son tests
were. donducted to determne the size of screen 35 suitable for use omshe
effluent collector of the tiler. The tests showed that No. 8 or No. 10 .w#
screen is the optimum choice for use with a filter in this - situation. If
the filter is upwistiesnined Wa;arthngleﬂqm copsainrg lessethan dl}oséﬁéi‘-geﬂ His-

way of the effluent cqllegt t he scr woul d becone.,clo d

clogging is cl ear%ﬁfdﬁ% fh%'ngtypﬁ‘éago gzthr s%"&?%eenu\ﬁ#ﬂeﬂgg@‘n§§ gﬂSW‘l in
Figure 4. If cl ealiid WASceRAR | 858diS] Dehabid CRipanded &dYs |dée@5n69ﬁit
drain flows, no cleaniing of the collector screen was required except for

t he occasi onal r avas/dncoéaséd me SA 8¢/l foryaashert ipextiofs. 8% nefflaent from
orifice supplied 2.4 cfm (0.068

2 [err] /m#) of aalﬁil(tfr36°%‘?%nﬁ€‘ﬁ %%YPGGPY{%“%I%P YaiiLﬁﬁsr?Q‘téPébﬁl ng,
- 10 _which was Suffiy %}-@Q& #ﬁ m%.ﬁ bt SARANSLOPsd ol tc? o@'gn% £y |%nch

(45.7 cm circul ar fumair requar rement out cf m per

~square 3 2 fpOtthte. 3PBed ¥ ithht kishdwglt Iefffﬁd:.ﬂéﬂd%r il Dherdade w&bﬁ
whol e four foot (1.22 n) high bed could be expanded within a mnute. The
air distribution jinergapingeinflivensgr slids [sontent saicthle abpve Pigqumes per

square foot (0.61 15 err uat e f nost er.filters
~Using the filtersSOReEEPS &ﬂrd&%%%{jﬁ yc&ﬁﬁa?%r m&ag '?‘brp‘{ﬁpé’iﬁlsng _
buoyant negja bedocnl 0 © .a. Bottomdraining through screen. A wash

~cycle was started by “cl osi ng the influent valve 74 and | owering the water
| evel in the passageway 22Tésesfinwther xdemonisesatdd. thadnjthe media beds

could be cleaned effectlvely with only a ‘small addltzon of
air properly applied at the bottom of the filter. Alr was
injected into the liquid below the bed at a sufficient
15 distance that when the upwardly travelling mixture'of air
| and water entered the bed, particles in the_lowet part of
the bed:would'descend, aéperently due to a reduction'in
fluid density, to about the level of the air inlet. The
result was an expansion of the bed and releagse of trapped
20 impurities due to the increase in .the distance between media
| particles and enhanced fluid flow therethrough.

To achieve such bed expansion, it is necessary to
reduce the density of the liquid by an arount sufficient to
overcome the buovancy of the media, The volume ratio of

25 ‘air to water needed to match the specific oravity of the

' liquid to the media ie about 0.1 to specific gravity'of the
media. For example, if the media has a specific gravity of
0.9, the ratio of air to water needed to counteract the
force of buoyancy is about .l to .9 or 1/9. This is calcu-

30 lated on the following basis:



be,_,ow the effluyent collector 34. Then ait was introduced-at a rate of abg
25 1 cfmper square foot (0.305 [err]) forﬂoﬂe to one and a hal f

m nutes. After that, the drain valve 76 was opened to all ow approxi mat

four feet (1.22 m of water to drain fromthe colum through a No. 4 screen
pl aced over the drain outlet. 68 to prevent nedia | oss. Then the colum was -
refilled with influent water and air applied followed by a repetition of _,
the draini ng. 30 As shown in Table 1, the total anount of solids in the
wash out of one filter drain was rel atlvely low. I.e. only 0.06 pounds per
square foot (2.9 NnR2) werePgy & r{eﬁi/ r‘ea(PadPlf&_ pounds per square foot

(23.4 Nm 2) were drained erea ) :
~were collected 35 during fil tzaal!!i'ff§ 3%5@ gggéﬁo &rt& ﬂg mx*‘ T

significant amounts of solids remained in th@a,_f_éll t8la ggglfggpe'gtggvé[@dequacy

of this cleaning nmethod was further evidenced by the relatively rapid

i ncrease of headloss in filtger BYNs p. conducted after cleaning according

to this nethod. TABLE 1.5 VWASH WASTE SC]_I DS 2

Bot t om di schdr ge through drai n- sBaeth e 2i5 frpAatdens dn ¥y pore, and

litres/mn/[err] with influent aBd férth@%tgi-ffram:ion in the pyrge (m n)

Suspended Solids (ng/L) 268 1-2 *W 114 2-3 -
15 3-since p; is much less than p, the above eQlatlicn may be
76 5-6 . . 58 6-7.
50 7-8 approximated to: 49 20 8-9
49 Tot al 857
. ) ) ) an= [p‘v/ (pwv + Pa) ] P

10 For a buoyant media having a specific gravity of 0.9
| O <0.9, for bed expansion. '
Theréfore, a. limiting value of pw/(pw_ + p#) = 0.90, for P= 1,
or _
_ pw=090(p +pa)
15 ' (1—090)p=090p
- ~ p/P, =090/o 10 ="9
Thus the maximum water-air ratio for bed expansion is about

9 to 1.
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Total. solids drained —O 06 Ib/sqg.ft. (2.9 Nm2 Total solids filtered = v
0.48 A1b/sq. ft. (23.4 Nnferr] 25 b. Di scharge through effiuent
A r. In this nethod, the vvashlr% ycle was started by.closing the

i N\l val ve 74 and Iomerlng t he wat | evel to about six inches (15.2
cm Naelow the effluent collector 34. A|r was introduced for about a m nut
“and a half 30 or until the bed was fully expanded. Then, influent vakye

74 was opened while the flow of air remai ned on so that washi ng waste \)'oafsé
col | ected throughdt flu oLl ect 4 _pe 'via
the val ve 67. Wen® fﬁe I;’? ¢ tﬁ‘ﬁgdlt%% \%ﬁ‘é acc@alcslis "g) t'::%l é|l'\l2§'t)‘rev‘c')(!'cflggs a
nore solids eawtammgvarfwe/Mdd 52um) heydnt me@amexpmlqmweulda@ccas in .‘s
conpared:to S 0, sol.id
profile for ?béfaﬁeéuegﬁgﬂe@r’{lg nhﬂgﬂ%l'c(ggr |sn§cIdecl Jﬂt?% bash O?QQ %cﬁ#ﬁ% %HQQ%l/\kg o
WASTE SOLI DSalgput | cm@cfwg@rtmmﬁgrpeéfSﬂvqrenfooédm?@étl@r frain/m{) Bfgfilesqg. ft.

(459 |isres/ gpedf F@ur&ﬂe&i" op%éﬁlh@tié'eﬂthuﬂnﬂ\éibﬁer@? expeABitird for- operatmg

i
Suspended Sol | ds 0 0-1 .
1, 025 1-2  Qir purrgpr;gto c)lean buoyant media by thisgnethod is minimal. _ o
255 3-4° 205 4-5
144 15 Tot al, solids

di schar ged= 0. 19 | BFs'a 'f'tsh%c'i"fw)fwew sypsnsliture reayikgmenty BRI sq. ft .

(23 Nnf err])a2@nventional rapid $dnduoh like dhdasp Imetiia fltery by aiascauringdedngy t hi s
t hod, t h d

et o 1919 Sl CEBOSL ARSI o861 LA LRERER EXESLL AR O

al | evi at ed bhedysing qinskeowtinasiti wouldk batnedessaryritgusupply, abeut three cubict is a

‘possi bl e draphacks ofr pb¥ %lﬁ&ﬁaﬂéﬁng%&%@t t(b@tlssaﬂafﬁni?\%\tzb QU @fter media
while backwashing with water at between about fifteen and forty-five
gallons per minute (57 and 170 litres/min) dependihg on the size and type of

I5 media. ' | "

While the solids removal efficiency of tested buoyant media filters
would vary depending upon bed depth, flow rate and influent characteristics,
it was found that the average solids retaining capacity for polypropylehe

20 media was about 0.11 pounds per square foot per inch (2._[ Nm'2 per cm) of
headloss increase, which was about ten fold higher than for a conventional

_ heavy filter media. Using the polypropylene media, an exceptional 50%

- solids removal could be ochleved at a rate of 20 gallons per minute per
square foot (812 htres/mmlm ) with a five foot (1.52m) bed.

25
EXAMPLE 2
In another set of experiments filter columns 18 inches (45.7 ém) in
diameter and ten feet (3 m) high were arranged generally as the apparatus
30 shown in Figure 1. Submersible pumps insfdlled in the final clarifier of the

sewage tredtment plant at Philomath, Oregon were used to provide second-
ary clarifier effluent for filtration.

Comparison tests were conducted to determine the size of screen
35 suitable for use on the effluent colléctor of the tiler. The tests showed that
No. 8 or No. |0 screen is the optimum choice for use with a filter in this



ngdi a near the top of- the bed m ght be restrained by the effluent collector
34 fromfree expansi on when the collector_34 is used for collecting andg
washing waste. But, such a problemis . f@%ely to occur only when the
influent flowrate is high. 30 c. Bottomdraining wthout screen. The s&®
procedure -was foll owed as nentioned in paragraph "a" above. However, no
scregen was present over the drain and the drain rate 35 was ‘i ncreased
subs&a.ntrally [t took about one half minute to drain out three f eet
(91.5 cm) of veitwrtionhi dh masﬂleeruris/abwusheﬂofcanclamngge ﬂ'xal'audlshlrﬁﬁwg&iel sns

- per m.nute per ref | S/ / r F th
Ircr)axr rrumuam)gntd ? G%e %?2 Inéefgﬁ‘gﬂp':{/%%g rlr’r?trhgd reg g’édglt S thg
tank and t he neldgged.5 Wit, rnloggansdsedﬁcmdsbmspr@megdﬂ\ar ml{ﬁs;ﬂme se@epawithl osed

before any ”nggfefre@s‘:m& i F4 @rb”tr' 'lgf‘ch&ﬁ( ﬁv}cﬁr é!:;o isREH ubing tfincRout”

- two and one hal mnutestorerll ent at acrate of
about ei ¢ght an@flyset wadidrgin Flomws, perclﬁvmnse pke s%f o SEFSEN (WaHrequired

litres/ m n/ n2)eszRpt RaHt 1HRA6EaIRNal redhialof Sfiidel Cycl e took about three
m nutes. About four cycles were required for conplete washing. The typical

wash out profile shown in Figure 14 illustrates that renoval of -the drain
screen produced son® sm@ll’eoqmmrt inch (638 anrn) aimorifice sippliedIdi Bfrhef0L068

i 11 gent oper afofi pf o toge. Berk BEE ik el REA (o7 AEBER D fr S ienlomna o
on wi t hout0 dr awhicbowassufficierthics cuusecksiuexpansisheinvihe eigliteeniinat (457 ainmed
through the dr&}&lbﬂ &?lu%{?\ T e Z:gm\MUnl\ Gir 1l Lﬁg%nﬁsg Whi BRA |t? rf.'p%\”sh fugh

the inlet 24 a cont nuo success era i on,

the pi pi ng wasfoat Kaﬁgécms/wn/@t hntUsing theasingle aistinjecter, ithe whale e‘omr fwath the
air distributog, ﬂtmﬁﬂlﬁd l?éﬂaéd@d‘b@texbm WMHRInVE rﬁ:HGféesTﬁégrr%lﬁbeut?d?\dm

preferably firfteen 1 nches F
a larger filter wrl be 1ess zdeal but 2 cfm per square foot (0.6

js 3/mlnlm2) would be adequate for most larger filters.

Using the filters, tests were conducted to compare methods for
cleaning buoyant media beds:

20 a. Bottom draining through screen.

A wash cycle was started by closing the influent valve 74 and
lowering the water level in the passageway 22 to about six inches (15.2 cm)
below the effluent collector 34. Then air was introduced at a rate of about

25 | cfm per square foot (0.305 m3/min_/m2) for one to one and a half minutes.
After that, the drain valve 76 was opened to allow approximately four feet
(1.22 m) of water to drain f_ror_n the column through a No. 4 screen placed
over fhe drain outlet 68 to prevent media loss. Then the column was refilled
_ wi_ﬂj infll.re_nf_ water and air applied followed by a repetition of the draining.
30 _ A : _
| As showr'r in Table |, the total amount of solids in the wash out of ane
" filter dram was relatively low. l.e. only 0.06 pounds per square foot (2.9
Nm 2) were drained whereas 0.48 pounds per square foot (23.4 Nm 2) were
- drained whereas 0.48 pounds per square’ foot (23.4 Nm 2) were collected
35 during filtration. Even after a second draining significant amounts of solids
remained in the filter medium. The inadequacy of this cleaning method was
further evidenced by the relatively rapid increase of headloss in filter runs



é

the invert elevation of the drain pipe. In other words, the dinmension v in\~/
- 25 Figure 13 is at |east twelve inches (30.5 cm. The region R shoul d
arge enough to provide for at |eas: % expansi on of the-bed to achieve -
'.‘c_l eaning. In other words, the dinension of w.shown in Figure 13 is
edgt:50% of di mension x for a vertically cylindrical filter vessel. -
SatisTactory results could be obtained if the space provided for expansi:of
was at |east 30 40% of, the bed volume, i.e. w = 40%x in Figure 13. o
achi eve any rTe%gH i : ted expansi on space nust

be at | east: 10% gpg{%eaegfﬁ%én% Sdtcﬁgrdtggé&% ?Iﬁyg?ﬁéwﬂhgglo%x in Figure 13. Most
‘preferably, the influent should be appliéed to the filter at a distance y
~about two feet (61 cm) bel ow the bottonTtaBLENe nedia with the influent .

inlet 24 35 located at a vertical drstance z above the air distri but or
56, preferably of at |east one foot (30.5 cn). The wash procedure was

started ®y adjusting the drain val WASFOWASTERSOLIDSY a drai ning rate equal
to'the influent rate through inlet 24 as previously. described. Automatic
controls would maintain a constant water level in the filter during 2 _
washi ng. Once Batttomcdidchdrges theougbt driain s¢redn dthb9 gpm/sq.ft (32lalitres/insindpéhed
to allow aboutwﬂnqnﬁugfi.fm{&)& sR&¥ offduare foot (0.305 nB/nR) of air to enter
t he bed to cause expansi on. evation is continued in this node until water
passing through the drain Iine 70 is substantially clear. Since the inlet
and draipflows arerjas gArGd. operation is vergysperESolRRAnYFLFCr eens need
be positioned over The Tnret 24 or drain outl et 56. Thus, 10 . clogging
problens are entirely elinmnated. In sone instances, a very snall anount of
medi a -coul d escape to ghge drain at the start of the vagggh cycle if sone
~agl onerates-of solids gng medi a happened to fall bel ow,the |evel of the air
di stri butor ‘56 before breaking up. 15 To prevent s é'h | oss of nedia, the
~wash cycle may be starRedl with the influent valve 74 H2d drain val ve 76
closed. fqne air is applji_@d for about one mnute to expgnd the bed and then
the val ves 74 and 76 opened. Specific cleaning tests Viere conducted with

filters that had previ 88%- 20 |y been operated at &65 gpm per square
foot (345 litres/mn/[gLg]l) for about 20 - &8 - _
' 6-7 - ' 50
7-8 - 49
20 8-9 | a9

Total 857
Total solids drained = 0.06 Ib/sq.ft. (2.9 Nm'z) '
' Total solids filtered = 0.48 Ib/sq. ft. (23.4 Nm™2)

25 b. Discharge through effluent collector.

In this method, the 'wash.in'g cycle was started by closing the influent
valve 74 and lowering the water level to about six inches (15.2 cm) below

_ the effluent collector 34. Air was introduced for about @ minute and a half -
30 or until the bed was fully éxpanded. Then, _inﬂu_e_n'r valve 74 was opeﬁed
while the flow of air remained on so that \;voshing waste was collected
through the effluent collector 34 and passed to a waste line via the valve 67.

When the filter bed was washed according to this process, more solids
35 - were washed out within the same time interval as compared to a washing
with process "a." ' Table Il shows the wash out solids profile for filter
- cleaning according to this methed. .



hoyrs. Total solids fil tered were estimated to be about 1.5 pounds per
square foot (72 Nn2). As shown by the draining waste profiles of Figure 15,
such a filter 25 , was cl eaned adequat within 10 nminutes at the highé3x
washi ng rate, although the wash out solijs had not fully reached the ‘
turbidity level of the influent: A small anmount of residual solids Ief
t he syst.em was tol erabl e and sonetimes could be beneficial for ripening of
the filrer bed. "The required. wash time was shortest at the highest wash
rate of 22.6 gal lons per 30  minute per TABLEME foot (920 litres/mn/m ).
The required ti-me for washing also varied as a function of the total anount
of solids removed during the filtration. In addition to the washing tests,
a brief test of the filtration 35 . WASHMMASTE/SOLIDSede at a filter rate
of 36 gallons per mnute per square foot (1462 litres/mn/ n2). At this
rate, 50% renoval efficiency was achi eved for suspended solids of ood
filterabilPty. TRischargef throesh effluertiiapilectarhah | b8 gponfsq.ft3s52 IMeSIs'quéme)

foot (812 litresyHdthinfiSedtGmmdidit §punder certain circunstances. However,
for polishing se‘con?ary l’(‘:I a‘?rlT ﬁ?‘gr e?ﬂ uent, the filtration 2 rate should

not exceed 20 gpm per. square foot (812 litres/nmin/m ) at peak 5 flow.
At that rate, a bed cymRe(mif)g five feet (1.52 n§ysBbnded SRR medi a
appears 'to be adequat®; but, a shallower bed cou e .used | €

filtration rate were lower. It was generally observed that, when the
influent h#@ a solids 100-1 concentration higher thanid3§ or turbibity:

hi gher than 100, the f||t coul d not be cl eaned adeqwg‘t;sgly by usi ng

i nfluent as wash wat er. ﬁ filter effluent or other sour-ces shoul d
be used instead. EXAMPLE23315 To determi ne the suitabil256y of filters

accordi ng to th| S |nvent is0p for 205
- a5 - 144
15 ~ Total 2,003

Total solids discharged= 0.19 Ib/sq.ft. (9.1 Nm™2)
Total solids filtered = 0.47 Ib/sq.ft. (23 Nm™)

20 Alfhough good solids removal was achieved by this method, sig-

| nificant clogging of the effluent screen was experienced due to the presence
of fibrous material in the wash water. The clogging was alleviated by spray
was’hing as illustrated in Figure 4. |

25 H’ is a possible drawback of this cleaning method that sdme portion of
' medla near the top of the bed might be restrained. by the effluent collector
34 from free expansion when the collector 34 ts used for collecting and
wushnr_lg wq_sfe. But, such a problem is hkely to occur only when the influent
flow rate is high. -
30 |

T Ce Boitom_drcining without screen.

The same proceduré was followed as mentioned in paragraph "a"
~ above. However, no screen was present over the drain and the drain rate
35 was increased substantially. It took about one half minute to drain out three



the filtration of water containing cellulose fiber or other materi al s whi c@_,
“tengstq mat and clog a filter bed, tests were made using upflow filters

y dyant nmedia on paper mll effl l?’ brown suspension from pul p
20  suspensions of recycled s fibers and final effluent from
N | agoons. The test apparatus conprised filter colums three i nches
(7.6 €M in diameter and ten feet (3 m high, generally arranged as shown
in Figure 13. ‘The nedi a depth varled from ei ghteen inches (45.7 cn). to\.9ﬁ

-inches (2.13 est - | nf | uent was prowdedtothefllter
.vessel by .a 2 ta@g%ﬁgps? “@*ﬁﬁ 'c'& wos eguivalent Bnerirgdratesfi By wa
done on papergdﬂdnb pe’rfrh‘uefé pér mré ffbsf (lloqslldrés'i&nﬁhﬁ rieg 8sdh aRdigAG} aI '

for reuse. A |ono ffluent,c
recircul at ed vvat e?x' af}é‘?“ &ré’té‘ fﬁrgra'"?ﬁé’”itr@f"ﬁ '%ﬁgg%(Jéﬂ{ReB?m ehe.
~ waste solids the 1hnbmd§h¢rm;edm.al s, part icularly cellul ose fibers. The
- particukar paper mll effluent filtered in the tests was at a tenperature.

of about [err]and contained fibers of various |engths which were able to -
pass through 3/16 Wibhthes seeepnpbsestedhe Snaivewelve Homadsclosar: bafarat aron of

‘the influent Médlb%aéﬁ&ﬂ}hwgrdiﬁ Iﬂaeﬁiw R?ter drBirind Qrt ar%k RBbut W6 and!
aver age bein ?gout 690 m || l;&rans liter. Sett . T’I ds varied from

32 to 320 my/MelGANNYtes taged! ea?°6‘!§n‘ﬂ”&40f'ﬁwfl at;@ tfe’fe ?ﬁﬂbw eighfianssone

settling. Hdif agilpnd ppf opiysbw@eﬁaﬁuareoffd&fh@tﬂsynﬂ-el@lrmﬁ/ﬁﬁ§ s flREceddied,
wever, the fibers

th | f f t d 98%
nccumi N od JERPEHEITeFle, tediC Pyl hEcs FRIWIE « Aboit our aREEled HERP & o
about one halrequined forhearkplete washiny. éﬁ}‘eriypfdal mmlobt)ptdﬂiletsho%ﬂutﬁguré

t t ow ra
her a1 g, & BB of 1R %%m(érg%ruB{OdrUF%%tsnglTW?Y?'B%? i/ m
), 2 but woulla” mediq rrée@mnaboul'hlsmrcgmb r reethede Howamvet,3 Wdild r esyuivien/ m )
Wi thin thirtyodlicated c&ﬂ'bl ghpéﬂ:s '\/e[?)’dmg@H{‘S aaltbd: the total volune

of water filtered was equiv t to BRstant rate of about six
gpm I5 _
) d. Drain the wash waste with both influent and air on without drain

screen.

.In this procedure waste was effectively drained through the drain line
20 70 while influent continued to flow through the inlet 24 and air was applied
o confinuously. For successful operahon, the piping was arranged sub-
stantially as illustrated in Figure | with the air distributor at an elevation at
least twelve inches (30.5 cm), and preferably fifteen inches (38 cm), above
the invert elevation of the drain pipe. In other words, the dimension v in
25 = Figure 13 is at least twelve inches (30.5 cm). Th'e region R should be large
o enough to provide for at lecst 50% expansion of the bed to ‘achieve optimum
cleaning. In other words, the dimension of w ‘shown in Fi igure 13 is at least
50% of dimension x for a vertically cyhndrlcal filter vessel. Satisfactory
results could be obtained if the space provided fbr 'exp'qnsio'n was at least
30. 40% of the bed volume, i.e. w = 40% x in Figure l3. To achieve any
meaningful bed expansion, the unobstructed expansmn space must be at
least 10% of the volume of the bed, i.e. w = 10% x in Figure [3. Most'
preferably, the influent should be applied to the filter at a distance y about
two feet (61 cm) below the bottom of the media with the influent inlet 24
35 located at a vertical distance z above the air distributor 56 preferably of at
Ieast one foot (30.5 cm)



10 per square foot (244 litres/mn/n2) The headl oss woul d reach about
seven feet (2.13 n) in thirty mnutes. In order to provide a practical
filter, various nethods were attenpt- ed (ﬂextend the I ength of the ru
periodi cal |y breaking up the rmat which 1 formed in.the bottom of the
medi a bed. Mechanical raking, water jetting and air bunpi ng al | proved to '
be 'l egs than satisfactory. Because the nedia particles were tightly packed;
mecharieal raking was difficult to accom pl.ish. Water jetting would

bunpihg coul g expand 0¥ SelifréRABR® G staf T ) GaRARG, 1FY'drBRCIREL IS ¢ e |
‘mat. It was. di sBwiekain a Nmm ranehaquqﬂ toatheigntloentd rote dhfceghi indéty 24 as |
acconpl i shed by pR&Vi &58‘?} |d¥séﬁ@dn' ﬁgtérhghc‘! %ﬁﬁai@@a&i&r%ghaﬁh.ﬁ cgﬁ?f %tfgre t l

68 every flftee m nut es and si nmul t aneousl er Jets
25  produced b[)]e"Fﬁé" YfGE dygigg iwasbingh Onae: balmaged; How lp@stﬂbbahed,rtbe air

surface webh syediof i et diibn ds86RbRE c@‘rnlleca%xpaﬁtpeﬁ sudrd fwﬂofnfos e
t C el ow § he e u .

gl mul ta(rjleous dr‘g? i 5"3 iﬁﬁ ihﬁoﬁﬁggscaﬁee?mﬂpp ngerqt@@uisa‘%‘éﬁ'ﬂb'?ddl]t%\%t iC
controls, the wambde Ureleivater bds&ﬁfgedwdagglabﬁatdrh%!g'ﬁe 701@31%5&&%51)/3%0{9;

til the | ssed t el o e he nozz
EIJ'ReI wat e(ra i g}tNtelr%'g comﬁggso\{'\cfl\hqaflgp ﬁﬂ‘gs r?é?%zgi?i’cﬁgdf’%erﬂ 8"&? &egy simplsy and’
| ocat ed about shx scresine eedshe? positioadxboeet Ithe rinlzt | 24sorl Afain Wiitletcsa1t i THueg
draining, johe NAbaha BRI %%Wn%@%@e level of the water

dlstrlbutor 134 e wat er Jets brea Still further draining
woul d | ower media particles 30 into the jets WhICh woul d cause agitation

and facilitate the rp ssn€ iRStancis, Gsvé(ril%mdlpmﬁurg%ft J‘n%ﬂﬁ: Qéul& @gcérb%dfo #y s
woul d nake the Sventuaheflltehwas in

acconpl i sh. 5 drainatt e ’é’“#hFY‘EJFs'f ﬁ?@gﬂﬂ!?fngfdtfé%ﬁﬁﬁ‘dub andhaetlid t er
can run for apphappened ¢b fall hfe&ﬁv B! Iével OF thaa.red]sirrmuféhsé béfd?‘@ bréJi&nJ b.Lt er

I-s washed ,Ry fo}low .ng.one,o res descrj bed i
Brown sus pgnm gir-l ud Sﬁﬁuf“ffhpkéﬁt \/\E@géﬂ’gf et ‘@gi FYCenmey w2t é[tarted W'ﬂ" ﬂ"e
_ “influent valve 74 and drain valve 76 closed. The air is applied for about one .
“minute to expand the bed and then the valves 74 and 76 opened.

_ - Specific cleaning tests were conducted with filters thqf had pfevious-

20  ly been operated at 8.5 gpm per SqUare foot (345. litres/min/m ) for about 20
: hours. Total solids filtered were estimated to be about 1.5 pounds per

square foot (72 Nm'z) '

As shown by the draining waste profiles of Figure 15, such a filter

25  was cleaned adequately within |0 minutes at the highest washing rate,

although the wash out solids had not fully reached the turbidity level of the

“influent. A small amount of residual solids left in the system was tolerable

and sometimes could be beneficial for ripening of the filter bed. The

-: required wash time was shortest at the hxghest wash rate of 22.6 gallons per

30 " minute per square foot (920 Ilfres/mln/m ). The required time for washing

| also varied as a funchon of the total amount of solids removed during the
filtration.

In aoddition to the washing tests, a brief test of the filtration -

35 capability was made at a filter rate of 36 gollons per minute per square foot .
(1462 Iltres/mln/mz) At this rate, 50% removal efficiency was achieved for
suspended solids of good filterability. Thus, a filter rate hlgher than 20 gpm



10 source contained about 1700 ng/1 of usable fibrous material. Operating.
at 2 six gpmper square foot (244 litres/mn/m), the test filter was able
cdnce the suspended solids to 50 ng/ I'4¢§he settlable solids in the

pelny water were 120 ng/1 after thirty“m nutes of settling. Effective

g required the sanme procedure previously descri bed for operation \

with »aper- 15 mill effluent. c. The tested effluent containing shord,
fibers had a relatively |low solids cogcent rati on of about 300 nmg/l. T
fibers in theek e?.jqraafaal €84 2Vt es/akin/rh €)Y istfisasibleharsier vhifain vircempronsent in
the paper mll fluent and readily 20 penetrated the filter. Operating
at five gpm. per square f oot™ (203 litres/mn/ferr}), about 47- 57% renoval
of suspended sol i ddoweveradhi epodishinigt senondatye iclarifien édfluenty. fhﬁhéﬂf@d)!ongll of

ereanga ;oW bnlia BB ULELE O LIRY pet BB TR @ PP st g‘ﬁlﬁ“%‘ i
Tests wlre cdlapctAtithet safeatcbed sgowhisistl flM@rfleeMl-éI?l wbedrpaleRropylengent |
fromthe papghedid ﬂaub& PA%@t u6fe;SBUt) b"HallBwer Bed ddiiEbeaREdIP the |
bi ol ogi cal treatrre 1N aer? agoons.’ The l'agoon effluent had a
tenperature dfitrationdate siers lower. suspended solids of ‘about 2040 my/l. About

- 40% renoval was achieved at a 2 flow of 15 gpm per square foot (609

lit / I'M th
e o it 2 b eRRARY SRS, T oo B e P
C L MI0S concéntbation higher thdn 200 toerfuslylbttgrhlglwnﬂfcnsmm ‘the afiiterpi:btdvl/
filter vessel g$| Nk N egoflg% aggl % ﬁ%&“ alfenqramq%{;‘ @Pﬂerpawhggrmrupf low

filter inlet,; oya e nedi vesse
sufficient: teffloenher dthey awatterf sdurceﬁsmld)beiueed iestiadg above the inlet in
t he passageway; a downf low filter vessel having a downfl ow f| | ter outlet;

and an anount "of nonbuoyant
: _ o EXAMPLE 3

15 _ . _
' To clefermine fhe suitability of filters. occordirlg to this invention for
the flltraﬂon of water containing cellulose fiber or other materials which
tend fo mat and clog a filter bed, tests were made using upflow filters with
buoyant media.on paper mill effluent, brown suspension from pulp plants,
i 20 suspensions.o_f l'e_cyel_ed short fibers and'finql_ effluent from aeration lagoons.
The test appdratus_ .coh'_:p_rised filter columns three inches (7.6 cm) in
diameter and ten feet (3 m) high, generally arranged as shown in Figure 13.
The media depth varied from eighteen inches (45.7 cm) to 84 inches (2.13 m)
among the test runs. Influent was provided to the filter vessel by a
25  submersible pump.. '

Q. A _su_betanﬁ_al- ameunfof testing was done or_:'p_aper mill effluent
since this liquid has the greatest potential for reuse. A major portion of the
paper mill effluent comes from- the recirculated water of paper machines.

30 : - The main consh’ruenf of the waste solids is fibrous materials, parhcularly
cellulose fibers. The pqrflcular paper mill effluent filtered in the. tests was
at a temperature of about 105°F (80.6°C) and contained fibers of various
lengths which were able to pass through 3/16 inch (4.76 mm) holes.

~ Suspended 'selids_' concentration of the influent varied from 108 to 1,617

35  milligrams per liter, the average being about 630. milligrams per liter.
Settlable solids varied from 32 to 320 mg/l and averoged af around 140 mg/I
after thlrty minutes settling.



1Q » particulate filter nmedia in the downflow filter vessel sufficient to
forma nonbuoyant filtration bed therein extending above the outlet,
vessel s being in comunication in such a manner that, in use, water
t hrough the inlet, then upwardly through t *buoyant filtration bed,
domnmardly through 't he nonbuoyant filtration'bed, then through the o
15 2. A filter systemaccording to claim | wherein: the upflow and
dommﬁkQW/filter vessel s share a common wal I; the upflow filter vessel has

an upflow filter outswig I@wepylah@vmaheoﬂpﬂkow d |préViobdly edesctibed,denaf | ow
filter vessel .has a downfl ow f he downflowfllter.

inlet, |ocate ve
20 outlet; SRAoYHeeltinicasy 1° ftt“éF"sotﬁslf%q W ‘P‘fﬁfa?%g'_a oxisuets thee fbsre
el evation and keceravkted @€ryt eapibly dphé llower sbiface Iolﬁ|fﬂé rﬁ@d;&fhm fgzired avhi ch

fl ows -t hr ough ant filtration b her ea av ty
fromthe upfl ovtT i @)ou%f cfrﬁt%q% %jaﬁﬁk @%fggg Y e"\?Ch 'PH*%Ugh
t he downf Bow f Qperatingmat bodsta@d Bessure Af 3.2 tpsi (&)st df’ ddm )dlthg flaw aae m I

Phan' the densi Vyz’%o‘f HEHBIY bk s WidH PR AT pB iR ??;’20‘?'?'4?%21 g
wat er and mi nubut QWQUMI@Q o cibat rtwion gpras pém jsewsre ofeokeBih slitres/mind bd

tream of th ; i i y to
o ol B e, S REGLA MRS Bl
r

into the bed i Wader:F! quivgient: 1q g’;é‘f‘ %fo?rﬁ%’f*“ﬂhéﬂfﬁa?ft plaqtesslwgpm

descend t d0expped sqlire Foot aud, l.ﬂugrﬁ.a/rﬁ hThe the@d R8N 800 rdcRheiedt Selérls
trapped there| system according to

|.I tio 4. Afilter
claim 3, V\here|?|equ(2elr}gm ;h"gt ngmué%ss i nj ection means conprises a hol | ow
rotor having at | east one: vent for supplying gas into the water: fromthe

interior of the rot 2{ ?&i #Eﬁﬂ&%x&e a ? S idal tfh?cf UaPilo uéﬂ" %’X& &/g\'\%ngﬁggnﬁt

t hrough t he wat er . em accor eréin the
ed to extend the length of fhe run by periodica Iy breaklng up the mat which

15 formed in the bottom of the media bed. Mechanical raking, water jetting
. and air bumpihg all proved to be less than satisfactory. Because the media
particles were tightly phcked; mechanical raking was difficult to accom-
_ plish Water jetting would disrupt the mat but could not release it from the _
media surface; and air bumping could expand or ogxtai’e the media but had
20 little effect on the mat. '

it was discoVered, however, that cleaning could be effectively
-accomplished by partially draining the vessel 20-through the drain outlet 68
-evel"‘y fifteen to thirty minutes and simultaneously directing water jets

25 produced by the nozzles |88_ into the mat. '

For this purpose, the surface wash sysfem 184 should be located at
about six to twelve inches (15.2 to 30.5 cm) below the bottom of the
unexpanded bed. During the simultaneous drainings and jettings, preferably

30 regulated by automatic controls, the water level is lowered by about twelve
inches (30.5 cm), or until the lower bed boundary has passed to below the
level of the nozzles.

The water jetting commences while the mat and media bed are still

35 . located about six inches (15.2 cm) above the nozzles 188. With continued
draining, the mat passes downwardly through the level of the water
distributor 134 where the water jets break it up. Still further draining would



s, A

10 gas injection neans includes stationary vented | ateral gas delivery L
tub | ocat ed upstream of the bed; and gas supply neans for supplying gas

to gas delivery tubes, the gas supp1'gg_r1eans bei ng adapted periodically
to Iy gas to said gas dellvery tubes SO as to unifornmy dlspense m nut e

gas\}5/ bubbl es t hroughout water flow ng upwardly into the bed irn*such a_ \
mann that at |east some of the particles will descend to exparid“the beéd
and, due to such bed expansion, release solids trapped therein during N \

filtration. Qower Ankdikt Bértiied SO %ﬁGOfHé' Métst AhichaWBUl fusa. ayfierien @ i n|

I|t of , ga

e, vent.

the gas. injecti ans conpri s inlet ve th

bei ng spaced fPF&H@YFeF%F?'eggF PE 'f"ssbgf o8 M P°”fﬂ"6tﬁjhthhtéeq7egi‘& wepld: hat
there is at Imaled tiRNéventd! filder @asting wb thelund of baoh eakiek tarBYSMpHsSHESSE!-
cross-sectional area. 25 7. A filter systemaccording to claim .
3,4,5 or 6, wherein there is an unobstructed region of sufficient volume in})
t he upflisow f | | t er Wsisgethibahaty d:hmté}gﬁdfmg sdhmiquel ethee filter exapamdn t fort he

extent that \BRRRRROL! e ABLA® APHSASAof Thar il bl ird B FERHAAGY! Ui N0

to claim?7, unobstr

east ten

cent

of the vol urfolewingeonscef the. procsadqrieniesrcrﬂwt@rﬁwar ng to claim 7

wherei n the unobstructed region has at |east forty percent of the voI une of

t he bed. 35 1 Afilter s stem cc rding tqQq claim.9,
o re X A Thix

unobst ruct ed regi dh wh SyspeRsion ifrqry gt ¥

o \tefishe

erein the
wetefeq.
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six gpm per square foot (244 lnres/mln/m ), the test filter was able to

reduce the suspended solids to 50 mg/l. The settlable solids in the influent

: wai:er were . 120 mg/! after thirfy minutes of settling. Effective cleaning
- required the same procedure prevrously described for operation with paper- . '
- mill effluent. ' '

* ¢. The tested effluent containing short fibers had a relatively low
solids concentration of about 300 mg/l. The fibers in the test samples were

-shorter than those which were present in the paper mill effluent and readily

penetrated the fllter.

2), qboui' 47-
57% removal of su_spended solids was achieved without chemical addition.
When 30 mg/l of alum and 0.3 mg/l of 985N were added, the removal
efficiency was increased to 60 - 86% for a filter employing a five foot (1.52
m) bed.

Operating at five gpm per square foot (203 litres/min/m

'd. Tests were conducted on aerated lagoon effluent which comprised
effluent from the paper and pulp plant after. settling in a clarifier and
b:ologlcal treatment in aerated lagoons.

The !agoon effluent had a temperature of around 80°F (26.7°C) and
suspended solids of about 2040 mg/l. About 40% removal was achieved at a

flow of 15 gpm per square foot (609 ln‘reslmm/M ). This was comparable to - |

the rempvul_-exp_enenced with domestic waste water and described in

previous examples.

'
i
i



: th; upflow filter vessel i»s substantially a vertical cylinder and the

m-

unobstructed region extends to a depth bel ow the bed of at |east for
percent of the bed depth. 5 12. . A f'TS%er syst em accor di ng t@ ]
11, where- in-the region extends to a‘depth Yel ow the bed of at le 1 fty
_percent of the bed depth. 13 . A filter system according to-any-eneof

claine 7 to 12, wherein the gas injection neans is |ocated 10“ upmream of

t he Qm_bstruct ed region. 14: Afilter system accogmmnﬂ ﬂ f clains
71to 12,\Muﬂeﬂ¢LAh@59as injection nmeans is |ocat y ilter

vessel bel ow t & unobstructed region. 15. A filter $ystem according to any -
preceeding 15 claim wherein the buoyant filtration bed is nade of parti-

cles having a specific gravity no less than 0.80, an effective size between
about 2.0 and 10.0 millinmeters, a 'unifamty coefficient no greater than 2.0
and a sphericity of less than 0.7; and neans are provided for preventing 20

the parti8les fl.om b&i fifteeasystesl @uinpeikinghe aressgpflow fillemalesse!f Hofining a
upwardly therethragugh. 16. A filter. syst.em accordi ta,.an recedin

cl-aim conpri sivﬁéﬁcﬁgﬁ?éaqed'fayp*e%%%tieééﬁnfls’ctv?ngaﬂ Hﬁﬁgﬁefﬂﬁ%rd%ﬁ]%’sfl? J "?%‘méause
t he rel ease of ofobwajmint rpgppiediate mediabird ths vessel neyfficient aoi form antiveliandr t er
means for-halti 4 ; LI | t he
f1 ow of water efrrillt(?l re&rfpﬁlggétﬁge&tlgﬁ?ﬁg?tagé\r'él Eﬁgé)tgg% %@5%%&%” %Qgéhngﬁgpm@'ﬁ t he
bed is being t™Mesteddhaving oo cdpynfloy i tilder ravdleds ndi a9y dmeuntaef menbuenant.

diverter p@ans gopfibiditd dilflramedROin e dowhflew! AFRE iveSsdPluphiciehe therdbrang
nmeans for .opening, said d{iﬁl n,means during the treatnent ti nt? peri ods so as
o

to drain water "PPBSEL ofil o, £ed: thereint extradipg spoye the: vtleth Thagreseels
outlet. 17. A fhelrigein coraiiicativaridi sUghtd miRlied Htat)fin W& Wate?Sfldws dhddugh

wher Ei_ N means gL& iRIre?,V ihde%dugw%rrdge{hir&dgihcﬁl\lel %oyant filtration bed, then downwardly
through the nonbuoyant filtration bed, then through the outlet. |
2. A filter system according_ to claim | wherein: the upflow and
downflow filter vessels share a common wall; the upflow filter vessel has an
upflow filter outlet located above the upflow filter inlet; the downflow
filter vessel has a downflow filter inlet located above the downflow filter
20 outlet; and the upflow filter outlet is located at about the same elevation
- and is connected to the downflow filter inlet so that water which flows
through the buoyant filtration bed can thereafter flow by gravity from the
upflow vessel into the downflow vessel, wherein it flows through the

downflow filtration bed.

3 A filter system according to claim | or 2, wherein the buoyant
filtration bed has particles of a densify less than the density of water and
greater than the density of an admixture of water and minute gas bubbles
and wherein gas injection means are located upstream of the bed, the
30 °  injection means being adapted periodically to 'un_iformly dispense minute gas
bubbles throughout water flowing upwardly into the bed in such a manner
that at least sqfne of the particles will descend to expand the bed and, due
to such bed expansion, release solids trapped therein during filtration.

35 4, A filter system aécording to claim 3, wherein the



wi thdrawi ng water fromthe vessel through a drain outlet of the upflow ' :_,

filter vessetr—at—substantially the sane rate as water is admtted
t ugh the ow through‘} .effluent outlet stops. and the
e tlon oUW“E lﬂmlllml tained to lfow cl eaning of the bed in situ
W ut i 8w t hrough-the inlet. 5 . 18. Afilter

sy maccordl ng to chaim 17, further conprising automatic control meang”,
for adjusting the flow of vvater through the drain outlet to match the f-L.JW

of ter t hr,ough it et ilte ste laim 17 or
0 ®REr éfﬁqﬁ%te{]?ﬂawhaﬁ’g fS'c':'Bf‘e es %I é’gg%i tc‘)"ne IF l'gé‘fnﬁ‘vét%g bot t om of -
the buoy.aatstf idrie atewt Ded sopphm.nbugyanunmgr the mﬂia&:e freel athe not

“carried, oy rou&e]\f Vﬁggdi,oggp Qﬁf‘g{%hg’g t‘gn%t% ert&{ ﬁbt o8 ¥ thdeawn from

t he ves%g rarn ou er system
accor di et (yeaﬂy threowshli bthe cvatar.f urt her conprisi ng mechani cal punp neans

for moving water ypwayfliiy-tLyougn aeberuaugovw‘ Id 1tefim s%erzitn fnbilter

syst em COprrI S| Nng: an el ong at e, hori - zontal y exten dEaCI rcul ar -
cyMPndr sesl 1%%%%@@201%1&148% stpddomagy YR ehdateerl ngesa

Vert'Caheﬁa%%&@e\ﬂﬁybéerw@&esdlapatﬁbaﬁleéiwmawtaﬁ& asss@ﬂsﬁrer in

| ength than in height, and has an upflowfllter i nl.et and an u ow filter
out | et Me@RSeFoHANPRIEIRG! EBF £ FBLY Fos ! detivariftuks s ubyaneas

parti culsappifedicard bétnyeagaptadf pez-ioiilwaarlty tio fAlpD By hgdy adbd sald
filtration lé)‘ Jn the assagewa %etwe up | ow inlet, an ouglet
1iquid &88 VeIosi Y‘E‘Bﬁ%d Ri ?‘ﬁ tﬁé‘ggé’ PIRATH HeafFhe top
t hageof bubble ss ailkrawgheat owa tetefill swiinigo upwaardlyd iroto ekleé Visedi fini d whi ch
Tl ows “%W%quxnhﬂhﬁgghtﬁgﬁ Q@diegst some of the particles will
descend to expand the bed and, due to such bed expansion,
release solids trapped therein during filtration. |
6. A filter system according to claiﬁ 4 or 5, where-.
- 20 in thé gas injéction means comprises a plurality of gas
inlet vents, the vents belng spaced transversely to the
flow of water through the vessel so that there is at least
one vent for each two square feet of transverse vessel
cross-sectional area. '
25 : 7. A filter system accordlng to claim 3,4,5 or 6,
whereln there is an unobstructed region of sufficient volume
in the upflow filter vessel below the bed to allow the bed
to expand. to the extent that trapped sclids can be rcleased
8. A filter system according to c1a1m 7, wherein the
30 . unobstructed region has at least ten percent of the volume
of the bed. o _ _
9. A“fllter system accordlng to c1a1m 7, whereln the
unobstructed region has at’ least forty percent of the
volume of the bed. _ L | |
35 " 10. A°filter system according to claim 9; wherein the -
unobstructed region has at least flfty percent of the volume
of the bed. '



dQwaflow filter vessel having a downflow fil ' ' i1s connected to
the upflow filter outlet so that water can fnmmmllmlmngnlowv el into
t he downfl ow vessel and a downflow filter outtett]| dcattedshbekow t Wnf | ow
filter inlet; -and an anount of nonbuoyant rticulate filter medi in °
t he downflow filter vessel sufficient to.??gfma filtra- tion bed therein -
bet ween the downflow inlet and outlet. 22.- Afilter systemaccording to

cl ai M21, wherein the coll-ector -conprises a foram nous tube which
extends longitudinally along the top of the conpartnment and connects .to the

let. 23. A-fil ' f fil I f : | - ' fib
i erial s compri 3 g ARL SBPF oY PEPPoRoUBEAL0E tHoPLAL, 01 VAR

passageway the wpftowafillhevi mgsarlupsl swbsithndialdlyer amedtdralpf|l ow filter
outl et | ocaj e.Lhe+HRf ' WNL&ets ofh i I L\ess j ng
adapted to Lg?%nﬁfhggnaiﬁgmgyg %ﬁ%@g%ﬁ%? gr k‘t(:a ':eLP %t %F‘ %Sé%’g g\ré %Ogaer?ltﬁln't of
buoyant parpetevatbBefibedeefnali depatt Ferv¥spercenits od| éhe bed demth.buoyant

filtratign bed ifgafheappssses- syarehehwrerdihe ¥of kawimnhatl, add-Qutlet;
wat er injection neans, | ocated bhel ow the bed for directing at | east one jet
of water uphBrihe FrRELORNEXERBIELtH, BakeBfRaPREPYOERE BEFS OF5 &fhi ch forns

on the bottpeast rictPeferaedonof! enef bbtiedepensel having a downflow filter
o _t hat t can flow

inlet which i .to the upflow filt tlet
rom the upt| ow 1aSech FhtBoTNEYBTRT FERPTELES) Sana= BBinAfof 1AEDr

outl et |ocaletiobRpvwhhretinwbheogabi Lhgectibeat med@sadd docatednt of
nonbuoy gyt Qgg%fg%ag?. f:hlat °ﬂ§§5’§°'tﬁdt he ggwnf low filter vessel
i &d t f

sufficient t orm-a tration erel efween the downflow inlet and
outlet. 24. A filker Ayfithencepsipmgargorting 28, aneosenof claims

7 to 12, wherein the gas injection means is located in the
upflow filter vessel below the unobstructed regibn.
15. A filter system according tb any preceeding
15 claim, wherein the buoyant filtration bed is made of parti-
‘cles having a specific gravity no less than 0.86, an
effective size between about 2.0 and 10.0 millimeters, a
unifamﬁiy'cbéfficient no greater than 2.0 and a Sphericity
of less than 0.7; and means are provided fof'prgventing
20 the particles from being carried out of the vessel wifh'
water flowing upwardly therethrough. |
_ 16. A filter system according to any pfeceding
claim, Eomprising: means for periodically treating the bed
in situ to cause the release of solids trapped in the bed
25 during filtration; and diverter means for halting the flow
of water through the outlet without stopping the flow of
water entering the inlet during bed treatment time périods
when the bed is being treated to release solids trappéd'
during filtration, said diverter means including drain
30 means at a location below the bed and means for opening said
drain means during the treatment time periods so as to drain
water from below the bed to halt the flow of water through
the outlet. : _ ' |
17. A filter system according to any one of claims
35 1 to 15, wherein means are provided for periodically
withdrawing water'from.the vessel through a drain outlet of -

the upflow filter vessel at substantially the same rate as
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t he wat er W&eﬁprlses a rotor having an 25 interior cavity . :
connected with at |east one upwardly oriented nozzle opening so that when

t he-Tayity mm ““m) “tsource of , [,essurl zed water, a.jet of water,
P tenml\m he bed pr oduced through the - opening; and
.rotdatecthe. r'btor to nove the jet 30 relative to the bed. 25. ﬂ‘
fil system conprising; an-upflow fitter vessel defining a vertical £
passageway for water and-having an upflow filter inlet and an upf.l.ow: fo
outlet located above the upflow filter inlet; an anount of buoyant parti- |
35 CE' at qaRd 3 4 %.cﬁdr']i&ﬁb@%ﬁslgir&béﬁIﬂhér\in]B@tf@énth?bUﬂyaﬁt thrbhggt i onf Ibed
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| ess thamah.liuﬂ:a‘ipmﬂ fiec aglr:lawtc;/leﬁnimgeofaﬂule nbediesn shitm ﬁlsnpu& drain-
out | et ted at east fo e; so that water can be drainec
ac oL up’l.'.:l.tc:‘~| fo:tqeow Oﬁ&g@@ﬂ%lg%ﬁg 19?9? :

fromthe I"0S's ia particlés; neans to halt the flow
-of wather throd@"» t He f@dtﬂ%t ststemy %¢@@m¢hggo$°thbaia'edwgaé'urﬁ}’leé‘t i on neans!

| ocat ed- igRuph MeS Hlu iy d f&&@ﬂoi%e&ﬁadfswgd?ubbkﬁ% 8heN#IBLOUS ‘-.
| ocations throughout the streamof water fl ly into the bed

such t harfapatessthrgushithe Anpinpette st ’F‘?‘tﬂ’ésggﬂdfaag PS5 the
reduct i oq,dt@ﬂ\/&qﬁ{odgtpsuﬁé/ i ed, occurs bet Ween the levels of the inlet and

t he outlet; ‘an _uno cted region in t Ves: et we t he ,ged and the
gas injection r?Eang ﬁet?%g?%% e%e?ﬁ%“&?"’%ﬁf ?c? Aty g?u g’al | ow t he

o

bed t10 exm@ieidovhwmrditain Sis t loddbedxatnleabtit oheapped. ben.bdrstalee rel eased

o L pbopt (ol A4 e PERELL0A R4 BoCRuRk! BtoLkbiepalnl et which

S COI’II’IE(P'[ er- ou
ticulate media is not carried-out of the vessel during

periods when wafer is beihé withdravn from the vessel
through the drain outlet
‘15 20, A filter system according to any preceeding claim,"
further comprlslng mechanical pump means for moving water
upwardly through sald upflow filter vessel,
21, A filter system comprising: an elongate, hori~
zontaily extending Cifdular cylindrical upflow vessel
20 which'is.closed at both ehds, defines a vertical passageway
for water in a closed compartment that is greater in length
than in height, and has an upflow filter inlet and an _
upflow fiiter outlet located above the upflow filter inlet;
an. émount of buoyant particulate media in the vessel suf-
25 Tficient to form a buoyant filtration bed in the passageway
between the upflow inlet and outlet' a liquid collector .
positioned ylthln the vessel at a locatibn-ﬁear the top
therebf where said colleétqr extends into the bed to
recei&e liquid which.flqws upwardlj through the bed; a
30 downflow filter vessel:having a downflow filter inlet which
ié cqnnécted to the upfloﬁ filter outiet so that water can
flow from the.upflow_vessel into the downflow vessel and a
dowﬂflow filter outlet located below the downflow filter
inlet; and an amougt of nonbﬁoyant particulate_fiiter media
35 in the_downflow filter vessel.sufficient to form a filtra-'
- tion bed therein bétween the downflow iﬂlef.and outlet,

22, A filter system according to claim 21, wherein



gt@at water can flow fromthe upflow vessel int I vessel and a
downflow filter outlet |ocated below th bém §|E imm‘ |mfilter
Jnlet; and an ampunt of nonbuoyant parti ateif e - f 14 the wfl ow
filter vessel- sufficient to'forma filtration bed therein between tkhe, '
downflow inlet and outlet. 26. A filter systemaccording to any p
claim 25 including a manifold means with at least its |owest portio
posi{i,oned bel ow the | evel -of water within the vessel, said manifold means °
having a plurality of horizontally spaced col- lection orifices positioned '
pel ow the LEYCLophollbE! cBpiBalhe YeTasiy Rl R willeH Wlerds the

| owest portion of the_ 30 mahifold neans , said nmanifold nmeans_ being

connect ed tenehtudinpddy: glese Fbe doeh ofatthe cogmamtient Andks to the
outl et; angdoanbbiékalkbt thef outnedn cages, one of ‘which is located in the
flow path of wafer fro e passage tg.egch qrifice, to prevent. '
‘particles of me%ga fﬁo%&ﬂ&égisﬁggﬂ’\é\%ﬁ ff‘i"g&?a:frﬂnf PFv i %87 i ed
into ths mbhgofiibravds mAteethdd clnipiditsimg:on aaf upeflew cbiripres iveg- o
posi tionin N QK {. ,of par.ti fd | Ilg;di . ' ~upfl ow
filter vesggi'El ?ﬁg?ﬂ?féﬁ ﬁegrgg*\%grgtli assp?se-q;a%safgoétlwg{/afor a\%‘/a ehré‘;aln has an
upflow fil arupfilew fAadtem dpilledwand ey upfillom fidderedwidete kdmatgd | ow
filter Il ghokd tRLMaBehURY 3l ol LAldiON HiRd 413 ddie MARAI YRR POt ween 5
't he upf|OW§?‘l’)l| et and gutle . fll gwi ng wat'er upwéLr ly into the beaé)as t he

t;
wat er noveddepbad: ke PAFELt: gn HRPWEFRA Lo Makdimh Fharedimanehy an

nonbuoygnt agaahtCBlfabaokiahite paidichiliat e Wil audild 16 MRSSAsddt has a
downfl ow fi I%EEFLnI t ich I's connected to the upflow filter 10 outlet so

t hat wat er 8% EERE: ESmECRE GpPUsWaRts Il fmatd amh P aso it 1118 RARIACSMd a

downf | ow fwayecbebuwbkat the upflow inlet and outlet; water injection
means located below the bed for directing at least ohe Jjet
of water upwardly into the bed to break up a mat of fibers
15 which forms on the bottom of the bed; a downflow filter

vessel having a downflow filter inlet which is connected

to the upflow filter outlet so that water can flow from
the upflow vessel into the downflow vessel and a downflow
filter outlet located below the downflow filter inlet;

20 and an amount of nonbuoyant particulate filter media in
the downflow filter vessel sufficient to form a filtration
bed therein between the downflow inlet and outlet, '

24, A filter system according to claim 23, wherein
‘the water injection méans comprises a rotor having an

25 interior cavity_connected-with.at least one upwardly
oriented nozzle openiﬁg so .that when the cavity is connected
to a source of pressurized water, a jet of water, which
extends upwardly into the bed, is produced through the
opening; and means to rotate the rotor to move the jet

30 relative té the bed. o -

25. A filter system.comprising; én_upflow filter
vessel defining a ve:tieal passageway for watér and having -
an upflow filter inlet and an upflow filter outlet located
above the upflow-filfer inlet; an amount of buoyant parti-

35 culate media in the vessel sufficient to form'a buoyant
filtration bed in the passageway, the bed being located
between the levels of the upflow inlet and outlet and
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| ocat ed bel ow the downflow filter inlet to forma non- buoyant filtration -
the downflow filter vessel between the downflow i.nl et and outl et;

wat “ml‘upwar dyt rgugh t he buoyant fi.ltration bed, '..

hr ough” t he "ndnbuoyant fil- tration-bed. 28. A
‘met ho ordirg to €l A ms27*and further-including the step of -«cleaning th
buoyant filtration bed 20 by periodically |owering the density of. liquig™,
fl owi ng upwardly through t'he buoyant filtration bed to a density bel ow wé\
density of the buoyant particulate filter nmedia so that at |east sone nedi
parti cl e pedafs anildé co£xparditheshbhaydmg fa |spedific hechahtly r béease - - .

cl 51 m 28 ST RTS CORBTHELRQELRURNG O tohe e, Y 4ER AT ERRH BFE0 T T |
flow of la girada wwthett hechtiedant flielastatdren St the bont theebedndodi ver - '_‘
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cl ai m528 megizh@axbiplesi ngeans tongalie theoFldvw e uwatenr bagaughe buoyant |
filtrati qpded;¢ PP dhpiRENg1bbAYNG oFOREAl Wl !%@riﬁ‘s@étm}xcﬁeéﬁs S
descended by gravity during the |lowering of density, froma region below
the buoydicated rin i baepEasssl. belowe ke batk el mFed&HRe oPebBles| ai ns 27
1o 30, athflnldFdler160885b8ENENRVULAGAAIYHE EHiskudmsi &Y PasebUPDbES i nto
‘water at a location_upstream of the buoyant filtra- tion bed t educe the
density dPR&HIREARIIANG ﬁuggea efe 3R b2t ??eeﬂ:%“?t?%'f‘%s°$ogﬁﬁscend to
expang t partiviyaniiill deatend ded itesitiv thRlwessal bwdvatépase R

density which occurs betwéen the levels of the inlet and

the outlet; an unobstructed region in the vessel between

the.ﬁed and the gas.injection meéns; the regions Being

of sufficient volume to allow the bed to expand downwardly '

15 to the extent that trapped. solids are released from the
bed; a downflow filter'vessel having a downflow filter .
inlet which is connected to the upflow filter outlet so -

.that water can flow from the‘upflow vessel into the dowh-
flow vessel and a downflow filter outlet located below the
20 below the downflow filter inlet} ahd an amount of nonbuoyant
pérticulate.filter media in the downflow filter vessel
sufficient to form a filtration bed therein between the
downflow inlet and'outiet.'. |
26. ' A filter system according to any'precédihg claim, -

25 including a manifold means with at least its lowest portion
positioned below the level of water within the vessel, said
manifold means having a piurality of horizontally spaced col-
lection orifices positioned below tl‘_:é level of water within
the vessel and above the level of the lowest portion of the

30 manifold means , said manifold means being connected to the
outletfo deliver such water from the orifices to the _
outlet; andapiurality of screen cages, one of which is located in
the flow path of water from the passageway to each orifice, to
prevent particles of media from clogging the orifices and from

35 being carried into the manifold.

' 27. A method of filtration of water comprising;

«

positioning an amount of buoyant particulate filter media
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sglids trapped in the bed during fiItration;'énd 1| VARur si ng of
- gas bubbles, draining water fromthe upflgﬂgfilLﬂ H ﬁ“ ﬂ 0Ca+oR: .
.upstream of the buoyant filtra- tion bed a raw Isal I*y egual” B0

the rate of flow 10 through’the upflow filter inlet to halt-the f
wat er through thé upflow filter outlet. 32. A nethod according t¢
-wher.ein the ddrai- ning conprises allowng water. to flow through a“e
ouff%&;located at |l east one foot (30 cm below the |ocation 15 where gas
bubbl es are disbursed into the water. 33. A nethod according to claim31 or
32 further ixorgmiwpfHitowafihtey vhesdlathabgdefinesnd vardichlf p@s~t hr ough

the upflow Jdddely | FbRlwlYePCRAY lag"BASHEFDEARY1£85P0NAY Al kAl Es and
by automatically -adjusting the 20 aralnl g rate to equal the rate of flow
t hrough t hamfkewfilterronhlet lggated ﬁ’epnedtaecepa‘&ﬁg féitex Andet 320r
33, furthergsofdsn Sh NBaoyLst abiisbhb8ohhBeaUKaBhel phbsakenayd8d twa dnhe
upflow filter vessel syéﬂ %hat there is volume of 25 water beI%W t he
buoyant ¥ i | {RaRit ¢EgERE? i%?@n?u%ﬁaF;t%é°ﬁ&8§aHFtPFIPP&PFHﬁybé&'8an

expand by athé aped 46T tNe peatent mbRe¥oFponm; thedipdeitodioc zhley outjledti ng air

into water _in upflow filter vegssel at a.locati not . hi . than the
bot - 1 om oP T Sarbhe sk aabBhen SR ohrrRboBanYaRrrrteEiarton lHea” 30

~ 35. A net weldis con dangovnfibwi fidderf veskheldl tbapr hassandowsifdloiwi shing t he
buoyant fil L ons h f t oWt uoyant
fiItration'{égﬁégnggfg??yg$g%tE%h%?ﬁ?ﬁgkggg§gn?ﬂ?ikagg%bgaéggrgan expand
by at |'¥hstowblekrsenthaBswater cag. flpwnérnedthecypdilay vesasy one of
clainms 31 to,89, tibeasiRribe JbsbuishAg G0EBWHhEESw Ri1EEbrNBudilet NtO Water

in the upflow fjlter vessel, helow the buoyant filtration
located below the downflow filter inlet to form a non-

buoyant filtration bed in the downflow filter vessel
‘between the downflow inlet and outlét; and after water
15 has flowed upwardly through the buoyant filtration bed,
flowing the water dowﬁwardly through the nonbuoyant fil-
tration bed. . | _
. 28, A method according to claim 27 and further
including the step of cle#ning the buoyant filtration bed
20 by periodically lowering the density of liquid flowing
upwardly through the buoyant filtration bed to a density
-below the density of the buoyant particulate filter media
so that at least some media particleé descend to expand
~the buoyant filtration bed and release impurities trapped
25 therein during filtration. | | :
| 29. A method according to claim 28 further comprising,
during the }oﬁering of density: allowing.the flow of liquid
through the buoyant filtration bed to continue; and diver-
ting liquid filter efflueht from the upflow filter vessel
" 30 to a disposal site instead of into the .downflow filter
' vessel. N _ : . |
_ 130; A method according tg claim 28 further comprising:
halting the flow of liquid through the buoyant filtration
bed; and drainihg liquid, containing impurities which
35 descended by gravity during fhe.lowering of density, from
-a region below the buoyant filtration bed.

31. A method according to_any'one of claims 27 to 30,
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one Of FlgureSBZ.toAlﬂebhod according to claim 31 whereln the drai-

15

20

ning comprises allowing water to flow through a drain

outlet located at least one foot (30 cm) below the location

where gas bubbles are disbursed into the water.

33. A method according to claim 31'or'32 further
comprising mafching the draining rate and rate of flow
through the upflow filter inlet By sensing; measuring and
comparing both-rates'and by automatically adjusting the
draining rate to equal the rate of flow through the upflow
filter inlet. '

34, A method according to claim 31, 32"er 33, further

comprisings: establishing the buoyant filtration bed in _

25

30

35

the upflow filter vessel such that there is a volume of

water below the buoyant filtration bed sufficient that the
buoyant filtration bed can expand by at least forty percent
in volume; and periodically injecting air into water in the

upflow filter vessel at a location pot higher than the bot-

A

tom of the volume of water below the buoyant filtration bed. -

35. A method according to claim 3%, further compri-
sing establishing the buoyant filtration bed such that the
volume of water below the buoyant filtration bed is 51ff1-
cient that the buoyant filtration bed can expand by at
least 30 percent.

36. A method according to any one of claims 31 to 35,
wherein the disbursing comprises injecting air into water

in the upflow filter vessel, below the‘budyant filtration

i

ore described with reference to any



t\t@ acconpanyi ng drawi ngs. 40. A nethod of filtration, substantially as

o e e g A =

N _ - : . . .
‘bed, at a plurality of sites spaced transversely to the
"flow of liquid through the upflow-filter vessel, there
‘being at least one site for each two square feet of
transverse upflow filter vessel cross-sectional area, ,
5 37. A method for filtering water containing fibers
or other material which tend to form a mat on filter
media comprising: positioning an amount of buoyant par;
ticulate filter media in an upflow filter vessel that
defines a vertical passagéway for water and ﬁas an'upflow

10 filter inlet and an upflow filter outlet located above
‘the upflow filter inlet to form a buoyant filtration bed
in the passageway between the upflow inlet and outlet;
flowing water upwardly into the bed as the water moves
from the inlet to the outlet whereby.a mat is formed on

.15 the bottom of the bed; directing at least one jet of
water from below the bed into tﬁe mat to disrupt the mat;
draining water and the disrupted mat from the bottom of _
the upflow filter vessel; positioning an amount of nonbuo- .

. yant particulate filter media in-a downflow filter vessel

20' that has a downflow filter inlet which is connected to the
upflow filter outlet so that water can flow from the upflow
vessel into the downflow vessel and a downflow filter out-
let located below the downflow filter inlet to form a
nonbuoyant filtration bed in the downflow filter vgssel

25 between the downflow inlet and outlet; and after water has
flowed upwardly through the buoyant filtration bed, flowing
the water denﬁardly through the non buoyant filtration bed.

38, A method according to claim 37 comprising: drai-
ning_subsﬁantially concurrently with the directing.

30 39. A filter system substantiallylas'hereinbefore
described with reference -to any one of Figures 1 to 13 of
the accompanying drawings. . )

40. A method of filtration, substantially as herein-
before described with reference to any ohe_of Figures 1 to

35 15 of the accompanying drawings.



