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BACKGROUND OF INVENTION
Field of Invention
The present invention relates to a system and method for treating wastewater, and
more particularly to a wastewater treatment system and method utilizing a walnut shell filter

media.

Discussion of Related Art

Walnut shell filter media is known for its affinity for both water and oil, making it a
desirable filter media and is typically used for the removal of oil from water and wastewater.
Conventional walnut shell filters include pressurized deep bed applications in which the water
is forced through a bed depth. Periodic backwashes are also routinely conducted to regenerate
the bed. Typical backwash methods include expanding or turning the bed by imparting
energy to the bed.

Conventional backwash systems include mechanical mixing and mechanical scrubbing
with impellors and recycle lines, as well as the introduction of high velocity gas or high
velocity water in a countercurrent direction. Mechanical systems used to backwash beds
increase the initial costs of the system and may lead to increased maintenance costs to service
mechanical seals. Recirculation of the bed also increases the initial and maintenance costs of

the filter unit and increases the footprint of the filter unit with additional pumps for



_ 2 _recirculation, The nechani cal backwash nethods also utilize backwash
fluid to renove any oil and suspended solids rel eased fromthe bed, which
| eads to the generation of significant anpunts of backwash fl uid.
Simlarly, the use of high velocity backwash |iquid generates a | arge

vol une of b%@dﬁ uid. Conventional backwash syste c‘f‘)b@zoﬁsin%?t%ogno"m

create dead spots Tn which the filter nedia is not suf I'Ci ent
and/or in which the backwash fluid does not reach, effectively |eaving oil
and suspended solids in the bed. A need IrAllaillS for a conpact

wal nut shell filter media unit having @ footprint sufficiently small to be
used in offshore applications. Mreover, there is a need to reduce the

anmount  of b@&&gﬁm %&ﬁschgﬁ %a@% frﬁag daglspaﬁ&m%mm ﬂalgﬁ)rmwauﬁ shel |

filter unit and to reduce t spot s are not cont act ed

by the backeibash syspedes sosignplensed fom thakzgnghidNpads fothe gepraien o siraificat wi t h one or

nor e enbodl TERLS ofﬁati@vasmﬂaﬁ@tslﬁmrryethaas%fm @mwaamaamhur@kﬁsmesqf treating
wast ewat odl nrent

ar a havi n 2 vessel, a
wal nut s heI ferep yolyrag OfWé‘g‘iWéS%gg‘édi tq08‘f?8'6°ni§1r]?a‘f1??’és aﬁﬁﬁiﬁo‘?”btg PRl et
posi ti oned fdad §poe m/‘&h‘vi&ﬁhe filloyhedid isaoﬁsuffblemtlyﬁ‘ﬁ‘ﬂedand/a'ﬂ‘iﬁwhich thebackppar at us may

have a dr af t| oned |n t ) whi ch may be
construct edﬁléigoeinor gt] f{){)vell Bavfné qﬁusgpenjefi foth? mq?e% (?e media. The filter
appar at us may aIAsr@edvamensafon‘acrompadiW@lnui shefll féter malipgmit hevied fortetivhr r anged t o
deliver a f| %ﬁen{bll J'Hlaﬂ t&%JsQﬁn gff@ltnte aﬁﬂ‘fi@ﬁloﬁsy %(ﬁéﬂvé\nﬂeéls a'n'eédrt@;e@ucg‘tﬂel et

positioned nedi a. her enbodi ment _is directed to
a system f opmqupyof éwcw@shm@f eereted dur%bacgw%l @Fﬁl? vl st filleragiyanddo of

wast ewat er @R e sifskr 6f dea s SHBP O d@domatdd 8§ thaBstkaadpliviaal ity of filter
units, Each filter unit includes a vessel, a walnut shell filter nedia
positioned in the vessel and a feed inlet positioned in the filter nedia
and fluidly connected to the SOMMAEROOFUESESWEMNer. The filter unit al so

i ncludes a draf e tructed and
arranged to subs ac%' gan?%/ lﬁh({}.}eﬁﬂﬁé{% %%?néebg tL%lﬁvefnh&n r?l ?tﬁsg%qlfsﬁte&%q?nl et

const ruct edmsﬁh@icéﬂmamg@ebtem@tedel iver a first fluid to the draft tube system

and a filtrate %&ﬂe%ﬁbmﬁénﬁ L P&l QWalifiEa febdel E{Evalﬂiﬁghe@ ﬁltg_lhﬁ‘edfaﬂ I'ter unit
al so includes a controller in conmmunication with i nl et of each of

the plural |P‘?‘“P’i‘qgé'?"hElYﬁSieéandtaﬁ?é’dEB%P?SHIOP%“‘E’GHTSF“dﬁt?oé‘élthf gltﬁgﬁ@‘?aﬁé" a first
control sigamdr aﬁﬂﬁﬁfus gy hdvak Ql‘éﬁidb@bysfaﬁ*n p‘dﬁﬁdnew\mtﬂ&rﬁlﬁaﬂnédhewﬁicﬂheﬁhylbal et of a
first of the [ it nerate a second control
si pal that f ; {eg a%alﬁf%{ I?S%\'}\%ﬂf'éotlﬁ%e ﬁ{é (f%gﬁF ?fteﬁ “PRAPEE oY aa second of
t he pl ural i baye efirsf ﬂduﬂ et eonsttusted and arrangedﬂmdtltvelra fgsifoditmtbatraft eibepysent ed to a
method of fLldafidditkdG0R AR Qb hiditkds compri sing of | and suspended
solids utilizing a Fter appar at us havi n% a vessel, a wal nut shell filter
medi a positi oned\npﬁherteh’éodi@%éldlfsﬁm 12 fyeier [PilengIHSPYAGNEEE FHeE he vessel

above the filhes a@&ﬁjde%f wadvalet écﬁ*@ﬁsﬁ@@?&’n@-%@enﬂ@}éolﬂﬁ\iﬁi Forghlay bf flilebe system
positioned in the fil ructed an

er. nme cons arranged to
subst ant i al P3/sy gich ﬁ{tﬁé‘n‘lt }nFIP‘gﬁSaﬁf‘é*&’llgW&kﬁgShF‘?FIEGéPeisjbb‘ﬁPlg?eﬁén'ﬂﬁ so have a
first fl ui daidnlfedd uaalpsﬂittduahedleamd maddfaand)gddly condledtddvethe soufcepst fluid to the
draft, tube_s a fillr i ilter nedia.
Q her advant agg{eévsa - & umt af U T fgéslu%%%}i%ﬁ&gggéte&#) {lﬁoqe&)ﬁ{t/hg\r@]{%t%%ﬁed\fm Il becone
apparent fr gcmsttdq@dﬁm meﬁ@ Sd'@taaildllﬁdolhbﬁsfélte'r pedina figf Tyitialet gppeireetedn when

consi der ed 5:31 SR M RGP H\‘sttﬂ?n(ftbﬁleﬁpa@t(?ﬁﬂa@ﬂ)'ehp%dqrfﬁt%maet pma&lsﬁ are
schematic and are not 1 ntended drawn to scale. In the %gres each

i dentical oPelewths filigitmedizy Yheilisr ‘In&ralseBﬁbéfﬁéﬁ?m‘iogerr“é“p?f”@é‘é‘ﬁ%t@&WIEW singl e
nuneral or R Alet achf@he PRFNOIES: Bits; @He@ﬁﬁtio}der c&ﬂtgulemrg\enmment is

| abel ed in everly_fi ure, . noEl IS ever @Eﬁi L‘”}f (%ICtht nt of the
i nvent i on sAYWATSigsR et oftiafs ?"é?fi"@ﬁtew erﬁ‘b SRS laﬁst Bﬁ? se of

ordi nary skifiltdr uhifs, dddeo gentratt @ saaordiensitohsighat tha intennen flow f wikivier tB)EBSCRI PTI ON OF
DRAW NGS

feed inlet of a second of the plurality of filter units.



The acconpanying drawi ngs are nal intended to be drawn to scale. In the
drawi ngs, each identical or nearly identical conponent that is illustrated
in various figures is represented by a |like nunmeral. For purposes of
clarity, not every conponent may be | abeled in every drawing. In the

dr awi ngs: yoo%?édi;c?f%ﬁtl)ri S a schematic drawing of a fil 5%&/&?&9 oX'S

according t e aspects of the invention; als a
schemati c drawi ng showi ng one aspect of the operation of a filter

appar at us; FIG 2h is a schematic drawi ng showi ng an aspect of the
operation of the filter apparatus of 2a; FIG 2c is a schematic
drawi ng showi ng an aspect of the oper a?i on of the filter apparatus of 2b;

FIG 3 is a crosg:f8¢hbofial: RANEMRLS EmBha e ihEWe QbofanlihdidaSiqui €S SEl
t t1on

according to one or nore enthniimenls or e 1 nvention, FIG 4is a
schemat i c decawrisigs shrodesusgendedsolidsatilizngseliliat waarefechsriae myrswl sien8yshetor e
aspects of KR ey Fslitiofddiin the vessdThfda fediifet BBsit@hEMiA tRYes5 4 BERB N, Gilt& de vi ew of
a draft tube base portion accordi n% to one or nopre astgeg&t S o({, Y’%}
i nvent i on; media. Thefifter agparatus ay hayeip It AepS Y SHORGPHENCF M Rt eE et P cor di ng
to one or NREEbASABGHSE Al atkddged toViEHrti@NM; roll the filterfrleia. Thd fiteBappsratph Showi ng
the total outlet oil concentration verses ti ccardi 0 or nore
aspects of PWGS?OW‘éeH)t tfr%t ,ul%él}}g consg'ucted anc? anangedq(?de?iver Q"% B¥a EOche D

tube system and a filtrate outlet positioned below the filter media.

Other advantages, novel features and objects of the invention will become apparent

from the following detailed description of the invention when considered in conjunction with

the accompanying drawings, which are schematic and are not intended to be drawn to scale.

In the figures, each identical or substantially similar component is represented by a single

numeral or notation. For purposes of clarity, not every component is labeled in every figure,

nor is every component of each embodiment of the invention shown where illustration is not

necessary to allow those of ordinary skill in the art to understand the invention.

BRIEF DESCRIPTION OF DRAWINGS
The accompanying drawings are not intended to be drawn to scale. In the drawings,
each identical or nearly identical component that is illustrated in various figures is represented
by a like numeral. For purposes of clarity, not every component may be labeled in every

drawing. In the drawings:

FIG. 1 is a schematic drawing of a filter apparatus according to one or more aspects of
the invention;

FIG. 2a is a schematic drawing showing one aspect of the operation of a filter
apparatus;

FIG. 2b is a schematic drawing showing an aspect of the operation of the filter
apparatus of 2a;

FIG. 2c¢ is a schematic drawing showing an aspect of the operation of the filter
apparatus of 2b;

FIG. 3 is a cross-sectional schematic plan view of a filter vessel according to one or

more embodiments of the invention;



FIG 8 is a flow chart of one enbodi nent of the invention. DETAI LED DFSC R
PTI ON The invention is directed to wastewater treatnent systens
utilizing a filter nmedia bed. "Wastewater," as used herein, defines any
wastewater to be treated such as surface water, ground water, a stream of
wast ewat er from industrial and nunicipal sources, havi \[%g @8{6 9?@%43 nts such
as oil and/ Wp@tpsﬂﬁ@ﬁded solids, and includes produced t gri mary or
secondary treatnment systens. One enbodi ment of the present invention
includes a filter apparatus conprising a vessel containing a filter nedia.
The vessel may be open to the at rmspheie or closed to operate under
pressure. The vessel may be sized. and shaped accordi ng to a desired
application and I une t ewat.er.tq te desired
t hr oughput and/g ¥ eslﬁ)epél}é\cﬂggvt"in oBHes SEF k’éa%usbecfoorné95 [%Ol%sh i's
initiated. iﬁb@tswéésellvenmaly have any bed depth desired based upon the desired
vol ume of wast eyg 8 Jn%lepﬁedtsE%ﬁfaﬁfjsuﬁ%vJﬁg d]fahlnxb%rbas@‘ﬁ&héh R Gf %@Qné or the
particul ar appli cation. Accor t he vessel have any dept h of
filter medi ¥ mosiaspecsf e BiNemtipHw bed of about 10 |nches up to a deep bed of
about 66 i nches pay, ¢4 Wock HABrakhishdviig V@B ShteBYcoRgEOBRBIF b6l @he@S ofany
material suitable for a particular purpose. For exanple, an open fiber
vessel may BeM¥#t¢ben tank formed of cenent. In one enbodinieril, a closed
filter vessel mayG.bes afm;maﬁbvﬁﬁgthmtae(dltleta)ﬂlbamexstae’mv,ersesttia)'nemlccw&ﬁngstbeel, or
fiberglass rei n;ngr%%se ctpalt%n};vemwn and. Any filter media suitable for renoval
of the targe’t contam nant contam nants may be used so long as it is also
suitable for uséIGr8lsaaﬂqwqhemomem@denehwftﬂ@rmwwﬂa useful in renoving oil
and suspended solids fromwastewater is wal nut shell filter nmedia, such as
medi a made from English wal nut_shells and bl ack wal nut shells. One
embodi nent of the filter appar3ETALEROE48ETONessel having one or nore
si dewal | s dependh&igvdanenis tikRied @SidsReatshirpeettisysidit wiksgel ﬁlteﬁﬁédlaeseanp: e a

t angul ar

cylindrical . vesse si dewal | whi

vessel may h ?feewtatS’iJrasg‘Fegg‘elﬁﬂl es PR BHEY tﬁ'b%h tr[r‘ieaneﬁguc h%su%rcs?s”é *®*has a
cylindric& ghmdevatea\mmgnmferanmatdr frum slugiiad ewahuniqrebioticaniedinpet ween t he
first and s I, §(§]eé Jater GhASeHapher ei n the
one or nor e&gf&g&gﬁﬂglJé:ﬁ%sxdﬂgﬁ%l?ﬁsgt \}\ggfeggkd;g?%?dsl meﬁ% a Egecoi’d 3\;/311 l.

The filter preedondanpgeptotset syBems i oned in the vessel at a pre-sel ected depth

and may fill th@n@%ﬂ)dd%le\i@df‘tﬁé%rééénrt heenvlasaahde@tﬁ %faﬂ bélﬁ{ﬂisin?aa particul ar
portion of the vessel. For exar_}g g g}ortl on vol u t he vessel
fhesebp

adj acent t h¥s¥d sagfainipgiailigrmqdgy dﬁoﬁﬁ‘ltf’t ?’Ogglcrf’ro{e OSg O i 1 ter medi a,
Filter medi gpemyunbe pfedstuEl ahﬂﬁdsemtythemxzé&mdvlaﬁaﬁlccdaynglnedesrredmr e dividers,
Zgglhr 2‘3 fgg%{%i]catlona h(';lul?l% attewa\s/tegz!ltg‘rt e{?ﬁq“‘i%d Forhrd e%ldgsu%cpﬁro\tll\g{p ang/ a]g: gwl n-a

t hr oughout ddsedpedédeofioperdtior bafers ¢ bdckwash is initigter. Msselrrhﬁddlamnr beddepte filter
apparat us i pel4des.q &itrﬂ?jef desiteH RBLAY %&%wéﬂ&@o o t?efat(ed £dd% tﬁt\élsﬁl&i'iﬁ nmay be

constructed and arra to intermttently backwash |ter nedia by

provi di ng asepesi f%@evarlﬂ% PRt ft@mé}agtwthm%tshlemwnv PEﬁ @rthstrol | the
]p_efl As uz_eduédaefe_aah @uchaﬁ@hﬂallé\;@bédfbs\;%ﬁd]h omcaesel@fm D&dp Bl of fRuTBBRAB Nk oL t he
Ilter neadla dur|n I n I C I or near tne
second wal | ™8F trheefgt?e‘seésérlai‘ymeﬁg?sﬂwa‘fdl‘ﬂfmt?'rmaéed ugatbgélefgr arPBta}lé‘& Ti{P8tgh t he
draft tEt beFmesmpm tanomn filtdr hessdl imag be anapén tafk fodred viesselt. rde back t oward t he
second wal | h b d shaped
for a desiré ap eﬁl ca |orf1ﬂt%{r¥§§elq{ 8%&}3&& f (%%?@m éeltﬁalﬁksgﬁg%%\?vashed and
/or to oper &beglws tdmifercd ppyesel ect ed time period for backwash operation. The

draft tube systeq may n@‘éattrgﬁltaﬁe f&@&n&ﬁl IR @argle atltamtddh%%cmﬁﬁﬁahmep in the
medi a. As used herein, a aft tube" is a structure havi nd one or nore

si dewal | s opeedto lﬂtﬁtaﬁ“é*ri’éfg SWP‘& FPrittsah e B Ped: Sive dltsranediRasefll (% or medi a

p:ﬁgv Id des a %ﬁsﬁg&wlsﬁﬁéndﬁdhﬁﬁﬂﬁfonfw:lsfeefﬁteﬂﬁd'blﬁutdhbﬁgﬂlgr Ib:mksgatsn 4| n ong 3
enbodi nent, the vesse medi a of about to about
tinmes the vBedAEe fro&‘%{éﬁ%i’twa? %Hln?‘s"ﬁ’lr]ﬂ%s?‘fﬂgn of the, volunes of the
draft tubes in the draft lithe system The draft tube may be
constructed of any material suitable for a particular purpose as long as it
is abrasion and oil resistant. For exanple, the draft tube may be forned of
the sane material as the vessel or may be forned of other lighter and | ess
expensive materials, such as plastics, including fiberglass reinforced

pl astics. The draft Mte nmay be prefornmed for insertion into the vessel or
manuf actured as part of the vessel. As such, the draft tube may be




designed to retrofit current filter nedia units. The draft tube system may
be supported on the second wall of the vessel, Alternatively, the draft
tube system nmay be supported on a divider or nmedia retention plate, such as
a screen or perforated pl ate, desipied to retain the nmedia within a region
of the vessel I[lowng the flow of liquid and co ] nto and
out of the %?050/03%99 An individual draft tube may beggﬁg?sg’%gétsgooéhaped
according to a desired application and volune filter nmedia to be backwashed
and /or to operate within a preselected tinme period for backwash operati on.
The draft tube may al so be sized and s?aped to provide a desired | evel of
agitation within the draft tube to partially or conpletely scrub the filter

nmedi a thereby r ed solids
fromthe it ter oreansotorihl: BouRRlild i Sestifiul retfoBUTBRACST OO 103
by a si ngl edajemling upenishe @slreldyhmbﬁthqo\teeseldrFalfetxamttlbesvhn@twlwgssel magese vol umre
substantial by sﬁgdaﬁiwmlgatcitsre%se@tttfgqlamsgerrﬁay}{érefoatctrdtwntatn fAgaft tube may

have a cross sectional area of shape, "'such as circular, ell | ptical,
square, rectaipgimsnt, Gp Ve&?‘?}hﬁsr"r"@g‘d’f“é} Sh%ﬂ’?é’ﬁ‘é‘ng o SOTARRLY PRyl PeRitopsd t ube nmy
have any oveghadeh th%}iﬁ@slﬂﬂmd s&ddEdwas. GOk erattodmreﬁr;ﬂuam@wl Alclosdddvielniticbne cal . 1 n
one enbodi nent, (;1 1(Ilraft t ube § cl%/ dnde altﬂe draft tube may be
posi ti oned PrY Ry eétﬁn%eaweﬁn% shaltagd aacidotalel y envel oped by the filter
nmedi a as wel | aght fltdoencdimtnny e ppsifiorell exdhamietshl at prefeléctedrdeptieaidanay @ie or bot h
ends of the 'st fl ow of
LR vt e Yo 08 o ARASHEHEL Ly ARG RRYR o L Bsch

finer nedia o andl or ou or exanple e side wall

at a first @ﬁdlpb,fa nortien @f thé volympsd thewgssél adipageteheghis well am@eé?fpn%‘ﬁﬁ]s form ng

passageways ymhPpedtek grmpﬁsdl@fpﬂtemedtd thdy@k coRied within e vBRALy biEor frofest  end  of
the draft tube to enter roug\ylé ﬁ sidewal |, of the draft tube. The cutouts

formng thelBHesadw WePﬁﬁ Py soHugidetei thefitgrrediadig §$%5%ent  vol ume of
filter medi Rcdtion @nkie the vésecl dhad dllotvinh eastdvarer @XRRhOyghouttheaiin iy be

triangul ar, ‘ﬁ%pare sem circular or have an irregular shape. Miltiple
passageways be identical to one another and uniformy positioned about
the first end oﬂn tome eohb@fithentsuthe fikkar porataluy indiudds ridiadittebefsystem. ghhe fliaft tube nedia in
the draft t%@ﬁm may be con;ltnl% gglﬁlf hraﬁ%é@% nq)térrnq{eﬁtlﬁ}lbaEmgﬁhgﬁlYer pl%dlE)QySI tioned at

any suitabl ocation wt For exanJ) singl e draft
t ube may, borovideeadeised V@B‘“BG@‘V‘?H"@)‘\Q@H of askyaah flyid fayol de be éﬁu%her% vessel

si dgl \r/ﬂal I's. r&llﬂyhégéde Otk ell bPhemBerkht otmbﬂﬁerlnrtdlad@iﬂg%&wms&lemcmy be )

randonl y posjtioned or sitioned i.n a attern.in relation to the
vessel si defiigrmeda tr?rﬁ??gg‘emﬁ%il r?tftheé’teS%eFﬁ@F’thpéF?m‘tleﬁﬂ’emp‘éegﬂ’é%ﬁgﬁl oned in
the filter media tibasysehmabwadtht Grst el of @eyedsel sl tablabwan thexécondewdlienidi ng from

each end of r X o the

si dewal | thte r‘tgsse\?e@ tg Eﬁaﬁ%f %mﬁa?ay% Elf?é %Q%eﬂ?oﬁgggszrfdr%’ibgéa\;gsag Iell may, but
need not bevcvlmemf fiterl madia to b@tadwslerl angk/orge oppeats Widhired preselegied tiesrpesdanpl e, a
single Vessf‘drbﬁﬁé&asﬁ%@?a&i‘on?ﬁ“h@ﬂx‘aftﬂﬂé k)@f‘éln,ma‘;?%}h&@é oREmbRALARNGY ar draft tubes
of varying hei ght cross sectional area, .In one enbodi nent, a vessel nmay

have a fi rsPOSHt"%ﬁdtmth&B’édléeﬁ%‘fsé‘ille?“bé S§reft Ghes e W&V‘ftt‘fﬁh%i"”fgloi"%?r BYHss sect i onal

area and a mhé:braﬂt el at®bthSLGGEEhGha posititide $n tPOSltek m@dleﬁl‘oﬁﬂhsa(p%Edge\Wye si de
wal | of ves

h f.th ft d
sectional a Oégo‘g ﬂﬁm@?‘e‘ti@%"%ﬁ ggr%%glg ‘g‘@%ﬁtl oenvgfselanrlaeaave avo@ﬁg? he(r:r 0%°

enbodi nment , fiervwesis ef abhe g tcaaqnhttﬁrtmies th;z volfim¢ ofenirifigalie od tha fumragioe sf, the In
anot her errb the jpcl ude a baffle to prevent or
reduce ba, cﬁ?i”g%v%\%\}hteh?ﬁnftghﬁdr Ste The baffle may have any size and

shape suitsbl e floe daft e mackd QQPSUW%‘ Qf a@xméerlaﬁyrta@(@maélcﬂlh@“mﬁﬂIS e may be a

plate sui tattln%/asnpé atrasmegd Alredflark. MR Exa %rF!fefthé &St rsate Itltyeoect&ﬁtat of th8mOr a
cylinder positioned in the draft tube. [n one enbodiment, the baffle may be

a solid or HSErYE téqurrhermaééﬁfq“arq%foibeérgttercﬁ’re&swmﬁlﬁe PHEEr WP 25t ube.
The filter prdia 1ﬂéﬁl&fﬁ§hb@él§s@rd1ﬂiﬁ‘rl:dd%§tlo& Task@nwaticetay be pdfoimdddér posi ti oned

above the filter .me te qu i ned. b e filter
nedi a. The 3§?E%Vmﬁq§dﬁﬁﬂ8f mgm PO }ﬁrgtﬁfgrsﬁ:'ﬁ drf%‘eman’constructed
and arranged to deliver the flrst fluid to a first end of the draft tube to
i nduce during backwash a flow of the filter nmedia within the draft tube
front the first end of the draft tube to the second end of the draft tube
while inducing flow of the filter media al ong an outside sidewall of the
draft tube fromthe second end of the draft tube to the first cud of the
draft tube. Operation of the draft tube system during back-washi ng
establishes countercurrent flows within the vessel and causes the filter
media to nove as exenplarily shown in filter nedia apparatus 100 in FIG 1.
The filter nedia 16 noves fromthe first end 12 of the vessel 20 along the



contam nants, such as oil and suspended solids. Filter nmedia 16 is
represented in the figures as uni form spherical particles, however, it is
understood that the filter nedia nmay be conprised of any particle size and
shape, including irregularly shaped particles. The first fluid may be
any fluid tgQ | vement of the filter nmedia throu t ube.

For exanpleggngﬂﬁﬁﬁggvfIU|d may be a gas, such as air %? ég %%ﬁ@éd gas;
liquid, such as the filtrate or wastewater to be filtered, and conblnatlons
thereofl in one enbodinent, the first fluid is a gas. Although the first

fluid inlet is showm below the filter dia, in other enbodi ments, the
first fluid inlet may be positioned within the draft tube 18. The first

fluid inlet 0 i vessel to
el i ver 't et FEea TR N helToi s, et ARSI IORBMbDLR IS VERS
filter mediscandmellgfithe Yresel rAdfetnativglyeths graft bire syTha mawbsﬁuppqr@iidnfiﬁ}né@r may have

any confi gugatdiQRetsitbl ﬁQL %thQEaﬁ?éeh%@ﬂehﬂﬁte&ﬂl@tefde&é{ed fo rbthidl teQnelifae draft
tube. For exanple, the first fluid . inlet ?fé‘ﬂ}“e an orifice, a nozzle, or a

jet for del W%??Wé‘%oﬁjé%"esﬂel ‘ﬁ‘ﬂlie@r“O"BPg LSl 8 And qeripERtY BOEREOWr af t t ube.
I n one enboghikanddiat he first inlet is a diffuser for dellverlng the gas to
the draft tube. T ter vessel al so nore second
inlets to deli V@pll}f“g@ggﬁ%ﬁ 'f‘%’etﬂlad' b a7y aﬁgfr‘ﬁaa%‘i‘}élfcﬁfdnﬁgn%Hesﬁﬁieap%qgﬁ%’ﬂd inlets
may del i ver ardiveluse 6bercheflia ti ek badkwashed@e rortthepesecohoh awadséleatdd timh@erdssel t o

| nduce fl OV, ac%ﬁhﬁ%re{tign tﬂ%dglh%u?fy% e%lzggmr%ze&tggrowdgéh é?ld of the

draft tube. re secon It |one within the
vessel to plewnl pirgitiiiae kithis hefdraghipbe do Raﬁéllw@fwéple@hdcw the Eiter medip gerebipdi a

toward the gdrafids t 14Rea SHESIMNhe T8 SEGORNL] §ch1[=!§ ForfTRY £k ndi8¥Bhe ddsidel qUi d, such
as the filtrate or wu,stewater to_be filt d, and con’glp{ggéﬂf s thereof in

one enbodi n¥A TbF fyatem ¥plyme mpY b Rgovided pyysi es b by 1% t he

wast ewat er feRg altdndl eblumé swﬁarﬁaﬂceerqﬁmb the desirdd Rreluink. ImlanﬁdmLﬂrafembéﬁh@ second

fl UI d I nl et rmg ave a r}an)gs'llmaaetsl CnaSS(JH‘(I)tl llll tlcalPs are re(\:/tgr ie %at he Second
fluid to th&% Fmﬁﬁ%(’?’g‘f X PeeX e SEC %Pfrw d&°nTet” may be an
orifice, a mogwirehaporTia ll}deitlduhkﬂraftielbelwﬂlawgmm‘ge&@ shalpﬁ,qunhds caicalconbi nat i on
thereof. In.g Px}.l %rﬁﬁ‘af}&al Iﬁnﬁeaﬁsd%&t g t@aetlm;ﬁndentﬂehnﬁ nfgr i pheral

zone. The sec extend from any sul tab | ocation to assist in
wat er di st r mpURsnsfitionegin twaw@dla Pletode Bl n’fple@edr’eweé%%réwemuawﬂl t he

peripheral gzapge énmmmia@wmemgﬂlter%ied@ @@ddrbstaeﬁmfmémtubemgr@ft t ube
sidewal | . I n anot her, enbodi

second [ n to the
peri pheral S8HEcEd a‘ﬁlr‘i‘“élﬁg@ﬁg@ aﬁé\/ﬂ%"éo lltSUH‘ﬁibarfgtﬁtan %{r?ljt (%fhieg’fa%t“g’ 95 si de wal |
of the vesselample, the sndelwallyeaﬁmtrmd bighe deafiolol magridcludt bve qpewoieghigual zone nay
al so includ | I i filter
Tedi a bed.  PREF ey EonFlork bl ol U @ I AL AU UL |
not, be i dettenigathrongh thdyedefvialt afithe drafi wbd. Ahaequionis fsming drewepszendiayameabiyed t o

deliver th eaﬂ(yI shabb tdf 411% d sheBeildd @olﬁlﬁ@éf{ﬁltteﬂ%w to enter th-Ela%ftpﬁ{e' p&%ﬁﬁﬁplez ane of the
vessel may al'so include a scrub zone | ocated above the second end of the

draft tube, outh@ahe|tiaapulpreyypate. SSRieiHET Priavedn Fraguipibere nii tBle PRSFETRF i xed
t her eby r el gapbdi@enfchllioton®ftheint viifenIs poen s on tei s efd @ meidhe nibe| t er medi a

during the bac e. .n_gn odi ment, upon conpletion of a
backwash cyaeguawgisﬁrﬁgﬁﬁh%‘?Oifﬁ"ér%‘é&éalﬂgv%hagt%eded with the introduction of a
gas, such as ai rThodrafytubd ok tgizs may by osigonet Renysuhlile edien wifist bafitw di st urb
the media s t t uced

%‘ﬁlfe O?Egaln}gle é)su%llé éﬂset : Isl-&é' 61& g n(;lzlﬂﬁg&@%nm}{ntgﬁy fn@%l%{tf?)ﬁl

intermtten UI’In st ag

settle by gtd we%ebétembn Similad s snuliiplecgispdt tubes masmg}qt@pﬂmar bhendspibsi ng of t he

gas may al sgos&RhdiGk fQitWhddin DlniRkh seru@ﬁtneremlmo iRtesakubwnt. muhsi ng of liquid
t hrough the second tluid inlet, Pal |?r}igl{18w&i§ts of .gas .and uid may disturb

the bed suf FredER) §sipge dpit Bl b Resitsa méta"m@?%g%ﬂw%a%?%g voi d
space and owefaalakis BRehdng frdiRadhRedofaig dpar etk id @-eﬁmnwmnmams@hraltwd ket ti ng

ochnt g, o480 P Vi SoRP OGRSl Bl

insufficient set of the media and inefficiencies in mhlch the mastemater
short circuits or channels in the filter nedia and breakt hrough of oil and
suspended sol i ds. Anot her enbodiment is directed to a wastewat er
treatment systemincluding a plurality of filter media units to provide
continuous filtration while one or nore filter nedia units are off |ine
because of operating in a backwash cycle or bed setting stage. In the

wast ewat er treatnment system a source of wastewater including at |east one
contam nant nmay be fed in parallel to a plurality of nmedia filter units.
Wastewater feed flow to one of the filter nmedia units nmay be interrupted



In sonme enbodi nents, the system and/or individual filter nedia apparatus
may include a controller to interrupt and initiate flows as desired. As
used herein, the term"interrupt” is defined as conplete cessation of flow
A controller may direct the flow of the wastewater feed, the first and
second fl ui n gas dependi ng upon the desired o
20101036692%%&@9%816586M - conditions for the appar g?rr/%ioffsﬂogso\é%)m roller
may adj ust or regul ate val ves associated with each potential flow based
upon signals generated by sensors positioned within the apparatus. For
exanpl e, a sensor may generate a first,signal indicating the pressure drop
over the filter nmedia bed has reached a pr edet erm ned val ue t hereby
triggeringt i t ﬁﬁé at the feed
inlet and tolul%he“ S%L+§£a1£r9 ﬂhgaﬁlgﬁgtasr {g\gssg%lf‘#a %1 Y@&er%%)nd fluid inlet
and gas t hrouogh atldnectﬁngrllgtdr#ﬁ ubag of yardng heighian( ar|°$s;$e°tlpwéaf%r1{l PR | er can
initiate bagkyasy tb?“vsegéél HRORvE %Qﬂﬁqub%'cgﬁ@hy ﬂﬁiﬁeﬁeam%g@yfustlaﬁsspassage of a

predet er m ned perl od of ti'me. The controlle %Fggnergt e a_control
si gnal i nt eteptipiliorg st ety hsePBb iR ogAESTanRg aéiaaCWé PPt et and
initiating iﬁﬂuﬁh‘?&'h@ich\éﬁﬁé mmafaﬂftﬂeﬁhds@sammdms seﬁmdnalareamdieathaptpaﬁm us based

upon the first si. | he second SI nal n

Mot her enbo‘ff?srsré?‘ffl ar%ahg O%Ff eﬁbgd"? aAﬁ%‘é} ur%b fa@‘?’r‘%?*‘?%%@‘%[’ cylindrical
v_essel 20 havi n@ao&bmbmbvﬁhbnutﬁh,dr@ftmbermay ingalde a Y&fle @mmpetvent sizednel wall 44. A

filter medi oodfw ufil #hOR0e Wik Bldlo AuPALL b RiPlnd i YE8HPL, 20 W Lh medi a.

retention plate 3 ositioned adjacent |rs the vessel and

screen 60 persticulandraigitubeljFacermpke His bafde Glﬁ!dbwtq&lm@fly ROsiioRed §8 @) innefpdj g

retention plah& JFBY dRAYBe 8 Wcylhde MB&d%ﬂh&@r@ﬂtﬁbe HGHE Abo@mER/REN O a
perforatedv\i?l ate toretain the fi rtion of the vessel

Wiile allo %Tﬁéeﬁé@@WPﬂBW§ylgﬂ5°8 é?ﬁsﬁlﬁﬁetdé’“%ﬁ %a‘g %t 0 and out of the
medi a. Vessel 2Qhalilsdmedinpdhics € iaclides SwasendtelBeddalptgositidned fbevd the Biterwal | 42,

a second end dj nt .the.secon | e dinlet 32
adj acent t hléleq1 ﬁ%ra? & OpUet B IHEE \?g@vg@ flmfbm%dﬁ% 3?/%\@?1 %oel\!'\@}gﬁ eIr'gﬁedl a 16.

In FIG 2a, 1nibe®seﬁrs12m1ubdossbruptnrt¢nddeglgedtbﬂeltvplahqaﬁrsmhlidéo a figt ppd of the &ped bel ow
the filter pg o & ﬁﬁﬁﬁﬁ&&&asﬁ MOvamﬂér}ﬂteﬁrﬂgha%thmthé fex fﬁ@@‘ﬁ&'}l thgﬁrst I'n

FIG 2a, a cy rical draft tube 18 having first end and a _second end
24 is cent r%dl°§?ﬂ’96§ftf‘lb®Wé@F SfFarA e of Hie dTaiﬂI“Ebél’WhH%’éi"&mEéb%’t?Eﬁe fikpsmedipe £y st
end 22 of tkl&ag%@ﬁthdé 408211 8f th&dradljuBL R tht hRoieeosmdhang: ik tothe fike vessel .
Filter nedia 12 aﬁglmz)o positioned within draft tube 18, and is shown in
part in FI ghdphthe &cond end 24 of the draft tube is positioned
sufficiently belOperagun of pp@raftenbed spfent dueng habiveshinggiablishedowerdubratt suf fi ci ent
filter medi Ao RTnetﬁee\%EselﬁdE ?est?% 11ttexomé‘d ftb Lilovetaggxeq‘[pﬁtd%/ shmemﬁﬁ)&n conpl etion
of a backwas peri pheral zone In vesse regi on

del i neat ed btydm malv'm 9en BG. It e filtdrmedia ﬂ:@mp@s iremé)@cﬂrayenddé Of thevasishce

occupi ed by h&gftﬁé&lﬁfdegﬁﬂé@aﬂ{uﬂe e adk@bid énwh@oflﬁeveégemw&eamg 28 in the
peri pheral zone is positioned ve a top surface of the nedia, between the

top surfacethst ent“}‘iglerfﬁésélF“é 2§ﬁ8‘héd'§’3 fiee i @UcenS@P gspndgad ?%Ofﬂl?é’ieis?lgﬂéﬁ above the
scrub zone Bwady e amhed e ifnkd @bt 1@6]3d)1ﬂ1e0ﬂteﬁdi&1a\ll€$§1@®n&ﬂyin(pamrtlﬁment | oss of
medi a durin bac S.S b.zo t he
peri pher al stﬁvb gkéel tﬁb&}?bn 18 ne”eﬁlon %gg%mglre Y2 2 Of%? Erfnin%bff{Ot ‘er medi a
bed 54 and secbmiwed 248ertﬁe|dtaﬁeuhwfwhblhet egitythembe30d erfidrG peZlNlesdimvs 2gefrtkeen 30
though it i §es@%§s§ﬁ%q>yttﬁ'é6}1tash@ﬁ1ﬁovgﬁﬁé§ &5t l%eleﬁf rAéQlEéﬂrh@reﬁlh@tpem'eﬂf ains the
media in the vessel E; . For exanpl e medi a %] be retained by
a per f or at edonel aeeintsma ‘V’Ihinﬁfc!)éﬂle a@swtloc%ﬂle%bk‘i}? ‘i‘rﬁféj'iup%%fﬁte@c Bdn. A first

fluid inlet ﬂ%n%ﬁn tﬂ&ﬂﬁttﬁmtset@le and madis m@qn&%e%pmedﬁn Jfohroﬁbftflé did to the
draft tube. ure ?2a, a first fluid. | et 4'”'#%:%%9”61” di f fusor

46. Second P‘Pdlﬂ‘%!’e'fdﬁii snfidspseyiqusly pmebilized euph %1 LT Y&t the second
fluid to thex@x%rthepﬁlﬁftabe ah@&&erﬁ@jtl&@&ﬁﬁerhll‘ﬁbn@eﬁﬁhd needid isGh a wetssel zokd. The
vessel 2t I Ian %%h natqtn O t ?trelssn 20 difical ving

cont am nant °§ﬁﬁ 81F suestg laeaa S o Fom the véssel . Optionally,

t he peripheral zone may conprise one or nore first fluid inl ets to
partially roll the bed during filtration and/or to assist in expandi ng and
rolling the bed during backwash, During filtration, wastewater
containing oil and suspended solids is directed to feed inlet 32, passes

t hrough screen 30 and enters the filter nedia 16 in the bed adjacent the
first end 12 of the -vessel 20 towards the, second end 14 as noted by
dashed flow arrows in FIG 2a. Wastewater simultaneously passes through the
filter media 16 in the draft tube 18 fromthe second end 24 of the draft
tube to the first end 22 of the draft tube. Filtrate exits the vessel 20




- 12 - Filtration continues through filter nedia 16 until it is
desirable to clean the filler nedia by baclowashing the filter nmedia, in
one enbodi nent, backwash nay be initiated when the pressure drop across the
filter nmedia reaches a predeterm ned val ue or when the vessel has been in
service for rmned tine. As shown in FI

initiating XQ)D %3%9 wastewater flow to feed inlet 3%5@@2%#}%\%&& t he
filtrate fromthe flltrate outlet are interrupted. Flow of gas is initiated
through first fluid inlet 34 and diffuser 96 and flow of the wastewater is
initiated though second fluid inlet 36, In one enbodinent, the flow of the
second fluid may occur via a filtrate outlet thereby elimnating a separate
inlet for t I E e I let 34
my. but noRiBEEAL fuck st ShBaRl ol hor A BH st Fin g sl

ini tializeduniforn hesicelphigierbeiveverhis istundsystast thetibe fiter SiRdiamay kecemn@red | ui ds

begi ns si nmu}d,an s;g,eaﬂmgﬁ lhau(gﬁgq;rgg%[aﬂggﬂapglpgﬁ@ltes the flow of the second
fIU|dbeg|ns beore | ow of |rsthU|d|er1e£%@|all g{gfg

i ntroduction of TP?\%‘S‘funds‘PayaPﬁ&“%%B%ﬁ&‘dP?Wﬂﬁme‘? tr Bpdi hyopgt heedi a
expands anddramwes Boﬂe)@mpﬂaﬁlerfﬁwﬂﬁlelﬁiay bd xS, sWhtabamontalwodueeﬂgsﬂ, Bhigs shown by
the flow arrows adj acent the first
end 22 of tHENH dé‘i‘rhlgﬁtﬁ?f %8\%%“‘% oe\?i\/gtzﬁd’taﬁ(gcog’ebéngﬁ it 0%3" ?r?] a direction
count er to tdiedireawthofirstvhsd ewgtseAlttobugh thegfiht fluidrialef ls)showﬂ'h@ow fhe Fiker nedi a 16
adi acent th f £ v3Hhen side of the
draft tube I'?o(;ﬂ;\g& ﬁ.m) ﬁn?glslﬁtg ﬂéé@gtzfg{dq{u&nhglggp&?% ‘f)“ %h&éirl@g?ﬁtgartl ally or
conpl etel y Fleﬂﬂrstﬁgldtnﬂ@ N§y gomprise one OFWPfﬁéﬂetwlﬁleﬁWhlﬁ@’etVPﬁS@dtﬂ’?lYeFle draft

tube m xes HbaFEMN] fo@lcQRi e sPstddPlolinR MRk Jr e ﬁ‘Rér'me@Iﬁ%&lgﬁ pRR&adusol i ds
i mobi |l i zed on medl

t Filt nedi a.e in dr af ube may
flintier m$¥FH ghesg&f?tﬁlﬁldi'blﬁéna?’ﬁévﬁéwcopmlﬂ e ‘t’tlﬁ?f iiq%ﬁ?f’z% thg;fipst Qﬂé suspended
sol i ds fr omottleairdfi thitee Fomnmathysle, thEHiest il 1md1a§hksqnemﬁ®da s@kledsa @t for drawn from
t he vessel via con n renmoved
fromthe ve%eg}v‘fm%g ﬁqucbn% a}rlﬁblgl%n ere?‘lq heggﬁm%lg Inomgrﬁ%ﬁ llnlregttﬁ% rlg}l d and the
second f | ui dlehay dtf@mfmddlysmr%ﬂfd&awowrdmﬁ'QUWackwash Alternatively, the flow

of one or both e kv by ﬁmn&ﬁegmrﬁrlows@&nmtsb@dém&rqrséeoﬁmm I'n one
enbodi ment, air continuously flows throug e draft tube while water is

pul sed i nt otomerighediAss aihe E%H‘é‘ ml‘f‘ﬁé‘%ﬂﬂ“%&‘eﬁﬁ.‘}w Hgatenseths %?Eﬁ“é wallp t hat
t he f:jlowf r ﬁmh@rebsylvtgyﬁ{;]&slﬁb@t marin mé flova Btndam taxirarw’tﬁiﬁfﬁkd tefd (ﬁ‘(bﬂleldﬂiri]iel’ val s. The
period o i n ich t need .not t he sane as
t he period %‘EEt(}‘ﬁgémRﬁe\ﬁﬁ%‘ﬁﬂ‘? B FI“B”?’ S%'ﬁ}yedg‘”tﬁlﬁ rvfﬁf)ltt(é%fo‘”%or exanmpl e, the
fluid may fbaroszfsln_ﬂoxatd thngewxl ad dmdaoﬁlteemeqsenowgd thefdratft tute systean Thbheecpdr i od of
time in whi ﬁ dI-nh eﬁ% g\ﬁ'ﬁiﬁﬁ shcﬂLtag{h'élﬁ %%rwil \&Q{l?to?gjﬁﬂgé comB Eﬁloﬁ’ser' od of

time in whic OWS IS su tantl ally 1denti toteperlodof
time in Wi ébredf di ehe pbrginast, thesesond ikl the wastewater diyeripd diomehe veaysweitiment , t he

first flui deamyiebs vk &b@rrew&mmﬂwatewml irfchebhd bR i@y hiwbg whi | e the
second fluid i,s continuously supplied ﬁl’l nq bacéﬁ@fh The secogi?d liquidis
ulml

passed to tﬁ%‘ﬁﬂrft‘t"éﬁ‘“\?@Eg"éflel’é(ﬁi‘i‘glﬂfﬁsﬁ’of‘% fong. i §or gmpEdfica for a
[int peri odseodddifim ihlet rﬁy@b ue@ificgn noolidralet fa délhemfglacgas diiluldl e |iquid through
t he vessel an UI d ssed t e nut shell filter
media in the&w ma?‘fnt['eu%of oP ) %mbsoéltr:’%ﬁtd&’e Seconr&drﬁ %{g thr Smt(%,\@e %ether afe at |east a
portion of Theeceodhinktinmagxtenf fromnatlmmfhld lp@fionte disiat in Fhter dumtatiprofoof the first

period of ] or nore
Compl ot o betl TBIT L SR8 Hiag) Eniifo | ﬁ??%@ml%ﬂ%‘jg e i | &

the flow of freméesedsmg sidpwalld Ivanterpmbedinen thegseoatintapesexaninidhivved. Fl ow
of filtratepdpramabhetahsn a;léga hivaleQ cSﬁi%&melﬁ%gJﬂﬁalhd‘ﬂl@ﬁﬁd@l@b@th@ﬂéisefl| ow of the

first fluid my be reestablished, The flow of the first fluid may t hen be

i nterrupted whi Y4 ROTET gahogimertne BERhs Zime ey Ae e 4R88 e Hidle agai n
partial | y oftuié g te tfigthyr agiddtd thé hier hedla Bade Thy firbiotul ibletnshe pAgptienl tdae f | ow of
contam nants rmay be renoved while the flow of the second fluid continues.
The flow of the first fluid may be alternated continuously until the
desired | evel of backwash is achieved. To conplete the backwash cycle, flow
of the first fluid. may be interrupted while flow of the second fluid
continues and contam nants are renoved fromthe vessel. Upon renoval of the
contam nants, the flow of the second fluid may be interrupted and feed
forward flow of wastewater may be initiated. The conbination of pul sed
backwashes may result in a partial or one or nore conplete bed rolls during
backwash. I n one enbodinent, the bed is rolled about 3 tinmes. In another
enbodi nent, the bed is rolled about 4 |ines. The pul sed backwash
system provi des advant ages over conventional backwash nethods in that it



such as off shore platforns, where installation costs increase
significantly with increased system wei ght Anot her advantage is that the
gas or air used in the pul sed backwash system may be readily available in
many facilities, such as production gas from hydrocarbon production or
refine* fac|liti hereby elimnating the need for a to supply
the gas to P‘{?ezob@q%g%’ backwash system Mbre signifi canFﬁ%@@%ﬁ@% t he

pul sed backwash systemmay utilize a gas and a liquid, it reduces the

vol une of backwash |iquid generated. Furthernore, because the filter nedia
is not renoved fromthe vessel during packwash, it's exposure to piping and
punps is reduced so that filter nmedia having a | ower nodul us of el asti ci ty
t han conve onpal er , . .and English
wal nut shel %J’ bt neelg no fj en%a?g)\%éﬁr&supe"id?t%?nsggcg{deagéiﬁﬁgggegr%?%h?%ﬁ} ation of
wast ewat er f@f@ﬁﬂuaitnﬂngraﬁlmbe however wal nut shell filters are typically

filled with theqni&, &m%&%bi’tﬁe@sé@?&aﬁ’!@éc%ﬁudé@?&r&b%&%&%&&%bdv&thl%as a hi gher
nodul us of el astici ty wal nut shells and therefore has a nore

dur abl e sur¥ed eRdRt t@@@%f&%ﬁlﬁéme%%\wwéélﬁ Wﬂbér‘&ay bRk gl ackwashes
are per f or ngketiyittiesngbddtioasioQbal fgpehided Silids Lo 0d ifiRB Miedialdbridgade be possible to
use the less expensjve English wal nut shell w thout sacrificing efficiency.
Once it is & ]?’r‘i’yﬁlgd that sufficient. oil and suspended solids have been
removed from t hén énieltbodimand nvponangpletiontofie bdskweidsheste, kamg btbrbedumanbng for a
predeterm n f 0 are then
i nterrupt ed?ﬁ(gerqg& %@Snet%guctgbm cﬁ% %h?{]m&?gro ﬁc{e?tkag’?t Hﬁg@ﬁ% ({P%tatil%&&%%nshom in
FIG 2c whi todistutethd inpdiesuffipiegilnto glqsrepetilingn dhpgey may be introquped, intgmjitently cr oss
sectional sghapabb&d Lhi %eeMlegéd ;wbwnovtsa@ti Ritie BPghAtybetwd@Puibddel ar to
filter nedia appar at us other than filter medi a apparatus conprises four
draft tubes®8 positioned in filter media 16. Filter nedia apparatus 300
also differs fr Qmﬁnitieﬁt@mlsﬁgdftac 20 thay ﬂsdd&&bldawplaﬁratterﬁataﬂﬁh matymadnso conpri se
four first fluid re the fi t 0 each of
the four dr%"fl%mgto %uéﬁlau%h e &9 nﬁ?‘?@rl%{% P'gm %urésop an(ﬁl&uld { a%gsf 98 may be
simlar or thelbgitsifiginttydo tllvoshe Ep pesoaparss th2@lfy radvdingred smeeraeﬂ oveaallibed shown.
Filtrati Onwwtﬁnmﬁtm&dawﬁy&éoﬁ&entﬁgf& e R, Sy BicRBTRA Bl alihel e same

manner as aratus 200 lowto t our first fluid
inlets may Bérep lhqus PR pet Pagavityghd fepd @P’fatqoﬂ%ofﬂaﬁw%ﬁ@mtéw resplgingj t h
appar at us 2QQsffididnt $ce6f thmRpkda aﬂ@ﬁ@ﬂ‘t@ﬂeﬁb&s 30Midraye wRlcvaBashbycilciiglonde addi ti onal
first fluid.inl ts agge/or secar luid_inle dts in %ﬁo.{)eripheral zone 26 to

assi st rol |‘fhﬁ@“° Spthp mtﬁ‘&a‘tiir BeR G ofl i spspele - tubes within the
filter medi a maynobérembodihen ixldirecttidss & Wsutvesr trdagnegasgstexintiudige 4 pievality af t  t ubes
and enterin i{ltglemesd?a u'ﬂP? t%gpl%ide E&‘?B&Qé’ ?ltr&foh%ﬁé gtgol; tﬁgnglﬁitg%gla apse m xi ng
scrub zone nore effrective renova suspen soI ids from
the filter wféulted)ecawe@f operatifg in adpikmvipshay¢loer bod seamgetngq: ai thejwestevatetibe as shown

in FIG 3, thonghyheh, a@@&r@@@f@\raﬁewdft@ﬁmﬁhﬁt%wléagtron@étﬁtaﬁﬁnaﬁtr}ﬁ @Pf‘e@ wersatile
wat er distribution. is a schematic drawi n 1y lter nedia

appar at us 4RreRlietp p plupalityeaf madia filtes pajts &Vasteyptqr deed fpy foge P%h? f‘lfef %‘Fd"hedl a
appar at us ; Wit ha¥ b@nexwtmﬁxs whitadatel fted Govadotthetrethaniddfilaf mamaﬁtat us 400

mcludesabafle 2. ffl y eadv a u en. a ter of the
backwash tuf)oé1 Tugs: ﬁ‘f’ t%rlnéeﬁtaluﬁ}l Tagiﬁ%é)éﬁ}ge e (L)b ﬂ%{ggasp Rt Ba f?a % or back
M Xi ng to obgue baingthoughtbaek oo adrticd. e thBEldk meilix imtis bioughheackhast ewat er and
filter medi %r\)ﬁ\t} {t‘)o{ﬂertorf %ﬁt@rfrﬁedta'ﬁp‘t:s X)eﬂl@ 'tyf%lzﬁé éfgpﬁlgt)ack\bﬁhﬂi&% and
m xi ng of t t diain the dr eresutlngln poor “suction at
the first ebadsefingdyeledraft tube and redum ng the filter nmedia rolling

efficiency. The tbafdlegbsm¥edtens szRM a6 1§d?ﬁﬁlﬁ‘iljﬁlfe9ﬁle(ﬂa PpibhtheMbar purpose. Ha
4 shows a cyljindrical baffle 62 centrallg/sgoosml oned Wwthin the draft tube

18. Al t hougheHdefregpifolip fpddermptand iwgigte floys fsdleiird b HYIgernEe ©*Shy nur nber and
confi gu r at Ih(?lﬂte@tfpt’dﬁ adfined dﬂb&rﬁpl?f&yes@ﬁoﬂ.tﬁ' (ﬂd\lvs 0\ doﬁfﬂ@leﬁlﬁayt dﬁtﬁct(ﬁfealfobv ofthbe system
provi des the ol.unme o |n In
appar at us 48 ]F?éfeeq” H\%‘tm F9grgn n‘?ﬂ‘f‘%tan Jile g%s ng %?SﬁF&fperafr%%y be
constructed and arranged to direct air though the entlre draft tube

i ncluding an outer portion 66 bounded by the sidewall of the draft tube and
the sidewaft of the baffles, as well as though a central portion 64 of the
draft tube bounded by the sidewall of baffle 62. The outer region 66 nay be
an annul ar region surroundi ng bounded by a cylindrical draft tube and
cylindrical baffle. Filtration and backwash cycles in apparatus 400 are
performed in the same nmanner as with apparatus 200. As with apparatus 200,
filter media apparatus 400 nmay optionally include additional first fluid
inlets and/or second fluid inlets in the peripheral zone 26 to assi st




within the draft tube. The passageways 570 may have any size and shape to
allow sufficient flow of the filter nedia and backwash fluid wthin the
draft tube to provide a desired backwash cycle. FIG 6 is a block

di awara of wastewatc, treatnment syslem 600 conprising a first filter nedia
apparatus 610 and a second filter nedia apparatus 620 i i

paral l el . FYA2IYREE? a units 610 and 620 may conprise ?@@2039%8609fi I ter
nmedia, and a draft tube positioned within the nedia. A source of wastewater
630 containing oil and suspended solids is fluidly connected to a

wast ewater feed inlet of filter nmedia appar at us 610 via val ve 632.
Simlarly the source of wastewater 630 s fl uidl y connected to a wastewater
feed inlet of medi I urce of

wast ewat er ?Oéldl;l?nstf%flthe o eclt% gegé ?ﬁ it Igg % uataofr f%al&t\égal eé%sg%ﬁegdp\%% atus 610
via val ve 686h pmmallfbwabla@éumdnmgdﬂg/gen@mmse@omsooseﬂos@t\uﬂml th¢ wpgfaton| et of

appar at US 6 élfi) &Rl NS ﬁl%ﬁgenerateaﬁrs‘ﬁs@ﬁHB&@aﬁ% th8 BRssBA Urop DG bhedde@n ai r
bl ower, %/1 connected to a gas inlet In apparatus 610 vial valve

646. The somp%beé a&fﬁ?@h@wr@afemnsedaﬂ%thfwtmgyn% rdlgr to dntegrugtag i nl et of
faplpar al us 648y ?Iﬂ the W@%e%@tergig&e feed inlet anMb InRiaR ERROAThE Fadihidtel ﬁlrdixglﬂﬂrilé ng in a

iltration cyc ) ve p Q. supp ewat to.t appar at us.
Accor di ngl ys,ec‘?ilﬂ%(%gﬁ%‘%d &% g’ glfsbé‘éﬂi “f% %&E%n'ﬁ’e B°£E &h! ?a?et he bed with
t he wast ewabzkwah thsthgogascondappd el py thSpassdgapf aprede@imiecd@d@odrof mai ns
closed to prev ;ﬁ@ﬁ filtration.
Appar at us 6@3 %ﬂé E,P(?negﬂﬁy {lgo%%ﬁgdﬁégé (hg%atl E'? g%&% r?éé{i){ro’l% portion of
the time t hﬁlterapﬁ;apmm@s ammtuymgﬁew af wastgwitar fﬁfhléo friother flter Bedizapedratus Wi | e

appar at us G%emom@ﬁﬁ%g@m th@s&&ﬁsmakaﬁaéap&aﬁqb@mve%kve 634 is closed to
prevent wastewater fromentering feed inlet of g@g&s{)& Val ves
# cy

638, 648 are opéeWoter eﬁ}bﬁ‘i}mﬂél%‘é"f"é{h&%?a a?R?aré'éi%zqoc?o‘E‘Pfése cle, in
the system afsseFb(Ghavilg a e 41040 £firsGi 4rzpa)ad B E3RANEIUO, Afﬂibrgiibﬂia lg&ner ated by a

t di cat de d dh I t
one-or ' mor c-BBHER BIRG BHES “Eaten aroub e s s TSP Vol ve 634
t o open so thhétst edpapihersesGlOd nagenop eositoeedadidemnt the $et:qndtewbw ocfﬁlndl tions.

q)tl onal | Y, v&%?ei;qﬂéﬁafeﬁefgﬁtiotl 1a{e g%a\r@a}{y %%cttnleg %LIX s(c\lmgg%r Qpemﬁteﬁecond

fluid inlet o tus an second inlet of the
second appaPpate tesretainihesfiit Iﬁ ia ‘@%b%ﬁoﬁﬂmo“h? Yﬂéseé‘é@wﬂowlpgﬂhﬂ feﬁ%&)‘luﬁbané onnect ed

to the fi "SEon&HﬁqaﬁﬁWﬁ1ﬁtbbﬁd(ﬁ¥&tﬁ&ﬁddﬁt ¥elsBl 2pRRY Eddribdie isegand fluid to the

first appar t he econd a t here elimnatin retl e
second fl ui EfIJ?cﬁ‘ftgl" irst wty 3 & setond e%ﬁ‘{*l e“é%f%f’ﬁdg‘%/aulf‘f‘énd Bwasé%‘%{eF %F‘Fer 650
may al so reamwadﬁaaerﬁthglﬁfslt&dflﬂ@ﬁﬂl&ﬁl@ﬁbl(lsan(iEi@tze&hﬁlﬂn)neﬂwfwtIn(FI(Edaat any
particular | %C?E%ﬁn 11‘1A<A:11}dgsl ﬁl%rg{e ou%%f%}llg)g%ltl{ 4 be?mphﬁer %d1§ %Ié acenlt ﬁ'wf Il ter

medi a appar &*Us "tTatl on cyc enerate a signal
i ndi cati ng sdqatdendhwqfrt@ssml@dr op across the filter madl a bed has reached a

predet er i ned vah g 8 oWhe dudRke maqﬁgammn@zi RuRSELAL 2y hackuash of
the nedia in ap Faratus . he control enerat|ng

one or nor ec@EH yrIBFm%“ie@Wﬁ]I‘%"thlt?fln@g@l%licbélaﬁé‘?ﬁréﬁfad @pﬁhe\%f\%@ 886, 646 to
start the ba@&wm s6368d @d 1Ibﬂh@w§§er @ilkee e iEIYo dsiEithel 6aBh YOftand respond

to signals rnativel. ce,one Qr 610 20.in service or
ti ke one or l?%/ﬁ% 'Bgl}? %]f: Zﬁ‘ &h&%ec?‘% ef"g%t gﬂk?;&&m ﬁé’f/‘@?‘?d Duri ng
t hle bac Iég/gs lsufﬁcymitlgbeloyf/ argippbrend afpjeafilat malifik0 so tﬂia@ufﬁclenﬁittcrlmeéla lmﬁelmaé s: gnal
val ves [ n nd cl ose
ot or i ¢ onf 0 g e 82 ik ek GER B RRRE LA i QRET ARk B PRENAT E
fromthe bammslﬁl%%:ﬂegon ¢ebiprated by e v@B0e ¢fdle féﬂelsmedlm%@rwmgéhﬁspsceopen and

close val Veo&ﬂ;ﬁed l%‘ltﬁe fiIRr Bétﬁé/fn% P (SR 8 O s&%z&@ﬁﬁ%e@éﬁfh@rafﬂél@@ist o aidin
setting the b ul se of gas_through the draft tube disturb the bed

after whi chP?Sﬁ@n%O‘@raé‘?ﬂ iface ot the wedia, Retyyendhe to s“&%“:? Ofﬁ%&“e H#@4 2agai n be
directed t hgQeghot e Befsoditibagl db@veamﬁbd(brﬁnslad}acbﬁmebmelaiflmnhmhl ch the

bed gavity set The pul sed. hed setti cont for a det er mi ned
period of ti %&%’Eﬂve’ééﬁs ‘gstme RETTEOREMS d §h°§”é’t"[‘ F@'US%ISS%“I’C@E 2r%ed hei ght ,
at which time the valves 646, 648 may remain closed as forward feed of the
source of wastewater 630 is initiated. During pul sed bed settling with gas,
a liquid may, but need not, be pulsed into the vessel via valves 636, 638
to assist settling. Pulsing the liquid may occur between or at the sane
time as the gas pulses to settle the bed.



FIG 8 is a flowchart illustrating an enbodi nent of the invention. In FIG
8, step 80] includes passing a feed liquid to a filter apparatus. Filtrate
is renoved during feed forward filtration of step 801. Wile passing the
feed liquid, a sensor nonitors pressure in first filter apparatus to
determne i sure drop across the filter nedia

predet er m ngvé}%gq/(}égeﬁghom in step 802, If the value of t}?}(i:]s%)rﬁessure dr op
has not reached the predeterm ned value, liquid feed continues to pass
through the first filer apparatus as in step 801. If the pressure reading
is determned to have reached or exceegded a predeternined value, the flow
of feed liquid to the filter apparatus is interrupted in step 803, in FIG
8, after t r first
fluidis |rln1lftﬁrﬂ{)e&) %ﬁhgxfa}ér?nopofgﬁgﬂd%&q?éﬁ%gh ﬁ}%ﬁ e\?g{s?%gﬂerggegysbgiggqg%i in a

di rection clowpnseiface of thawsrepy Yy FEF. 2Achery sprqen@thqﬂgh it swndsrstopd dBeamid fluid is

al so i ntr odygRMod sthQurdthPehdiRhgytRd m&@nﬁﬂﬁ%sse%ﬁpbm@d ﬁonexshsna the 18 - 806, a
determ nation is nmade as to whet her or not the filter rte i a gs{s/ been

suf fi ci ent | PeditipveRs retarrddy @ @erlartedlats S5y indsr spuellsdevt Bﬁ‘ M GVEFR 1 tine
peri od passmngmlemzsrs e:msmﬁ&éalamka&a&topﬁszﬁdeatfmﬂﬁﬁﬁnhé draft tuge. fli Figere medi a has
been sufficj e fir Lnte pted in
step 807, i# réyqlimﬂt"%?ﬂ é‘ftﬁes%ﬁg\gﬁ%ﬁgerége%ecgn&f fdéfﬂgt 3’? IIS cons’“'lu?teua Ht he fl ow of
t he second ftrfaugedto &liventtersecapt Sdd fortheperghe8D@ne Macenthpmcendreaﬂ)oﬂmgelt he flow of
the second % Widye £eﬁ‘5b IBFFEHVzQIncm@s caﬁﬁﬂmt &Jnues@ faﬁemgreodtﬁmaanats&@l in step
810. Once again, § determnation is de 1n ep 811 as to whether or not
the filter #hiliand tvapendsd selids fiom theivessaly thlp@ﬂllVéhe pefiphefahzong Bay ¢OFPritsBf

suf fici ent |y igad hi€chuidt ifes td ;ﬁﬂiaﬂbf roll R bbd dusihg filirdiid ah&orl tohsSiktrinlPlpeddlidgn St ep
807. If the f|| been sufficiently rolled, the flow of the

second fl ui ?Pdr%“‘?grf]f‘%t?egﬂmné a‘?kP”(a ep 809. Steps 809- 811 are repeated until
it is determ neduting Sltr&fon Siakstetitatcodtiiaing oil dndsuspededsohidsss dieetnd wuidefli ci ent | y

tolled, in] eg;ga%se%gfou%h 8:‘%‘%9? %nﬁ%ntf]gljs h%téirlt«tnjn%&g 1@%&11?@ ﬁhé&ﬁt dipted in step

807 after a Ia has suf Icrently
rol | ed, con¢rdr ebthe weswt ) toesrdatbabetond pd 14@s fetedbydahphdevaaness inflgtdep 812.

After remoValyQfas Qi ma@Q5§ssesttln&,gi1Itmlteffmédmesﬁﬁemﬁ ﬁlbymfrdne»thb nterrupted
in step 813 and the f p‘gar atus is

reest abl i sh¥&gondnd34es ths frpft tybetq the firgt gnd 2%@1%‘?%““?%‘?&?\/ géltrﬁ%‘?"l“ﬁ@e P84 or war d

filtration @hfiBleRxi8I¥and may be dirkbred ﬁ)lﬁmelmamaﬁtd)r alebhar@éages of these and

ot her enbodi nen of t er st ood
fromthe foll owﬁé’“@%aﬁ&ﬁ g%deosf'eflﬁlgélb%%ggrl‘}%%on i1 g bletﬁf q(a'a?hes g’e l|rslgl ustrative
i n nature afiddarebaotsedionisidbdrtatg viadirg dluidiinett3y dgingite fétwptecyolfe the invention.
EXA P1.51 Oe\a)nalﬁn%lg}éﬁﬁﬁdl %Ibe%ﬁemmg% ﬁa'etf%t Hlﬁ& fafe (ﬁkﬁ‘ sﬁ grﬁ) ef fectiveness

of a pul sed test apparatus was co“n gured with a clear
pl astic col pasHiopsvi ﬁgpﬁpmfﬁﬁ@ﬁéﬂﬂwﬁl%@mﬁsl@d hereiers P&‘ﬁ?&‘ flevhéidghitedof about

12 feet. A drafdy drabg “}T&ﬁ:ﬂhsrlﬂel%nteﬂﬂ)aiﬁﬁﬁr%tedo% @n@&ﬂo@mm‘caﬁst afdma hei ght of

about 5 feet was placed at th nter of the air diffuser was
attached t oM#hV25ioF mphpegerioic, thEat ggwéqg“]ﬁtlkcyﬂﬁe%ltfefweﬂeﬁﬁé\gnd'ﬁﬁta%e nozzl es for
del i vering Me&:&te&\ﬁfeﬁ/aﬁqmﬁd ﬂe;ﬁonﬁcﬁ'alﬁleﬁh wilichithe hiiiefl@@miaper yeedhiot bbithe col um.
Each nozzl e |nc ded n a0 4t col um.
The col um Was a?%ﬁf)f’e“ go“f%elgg'hicﬁf: ggl%gltow Eﬂ% pl;teadl %ﬁl{[&&s l%f?jg'ﬂglgr{%ﬁat t he
shel | bed eﬂo\efndedmaqypr&hwm@r@kiyfﬁndféettht:ammv‘éofttm ihehighfiuibflot e draft tube.

interrupted. In one embodiment, the period of time in which the fluid flows is substantially

identical to the period of time in which fluid flow is interrupted. Pulsing the first fluid, such
as a gas, may partially turn the bed of filter media thereby reducing the pressure drop and
extending the run time between backwash cycles. Extending the filtration run time between
backwash cycles may reduce the overall number of backwashes thereby reducing the volume

of backwash generated during the life of the filter apparatus.



A series of tests were perfornmed to neasure the effect of air and water
flow rates during backwash. Backwash efficiency was neasured in the
velocity of the wal nut shells traveling down the outside of the draft tub
in the peripheral zone. A portion of the walnut - 19 - shells were painted
for visual confirmation of notion during backwash. Init]i

i ndi cat ed tﬁvaﬂzoll%gfé%y pul sing the water the generati o%ci}fusg)ﬁi;{%\ﬁﬁgh vol une
fromthe wal nut shell filter was significantiy reduced w thout sacrificing
backwash effici ency. Further tests were conducted with the above
apparatus to conpare continuously flow,ng backwash water to pulsing the
water While nmintaining a constant floWwrate of air through the draft tube.
In a first test,.the wat.er Nt i L) zone at
a rate of about ’Fga%lg’ﬂf""% e%&l?oﬁlgﬁaﬁﬁgegﬁ%!ggﬁ‘fn\g}gﬁggés{ﬁ%@%{ogr%aﬁﬁéa%\?\gjs%uI sed

i nto t he pebypheraslingthnBlteamedip.tTh ope ambodimens Haglevaglf mapthgnitiged®pRl the or  about |
second fol | guegle B, BGosk h@\ﬁu&%aﬁb&eﬁes Pé@&&mca QRGP RS ARssaMes al | 1 ow of

3 GPM In a second test, the water continuously flowed into the peripheral
zone at a r%ﬁe@mcwrvgbmﬁmdm%ﬁl% in a conparative test water flow was

pgl S tedll nto the A@Flﬁdv@h@Fl@i 28 aﬂ?llﬁﬁaﬁ?'gabacgwmtv@gtewérsmw@é fe&ﬁgldeSn@PM for .
abou secC (0] 0 or. _abou (0] 1 ev an overa
fhow of ot af Ee fom e Aliplectie pe Bt - aares i Bl P B ol ot o

(GPM Tabl eflid Thilge®4 4nd dfRfubdr 46Bad flowiofithp wastéware) is initiated though second fluid inlet

36. In one embodiment, the flow of the second fluid may occur via a filtrate outlet thereby

eliminating a separate inlet for the second fluid. Flow of the gas through first fluid inlet 34
may, but need not, occur before the flow of the second fluid is initialized. In one embodiment
the flow of the first and second fluids begins simultaneously, while in another embodiment
the flow of the second fluid begins before flow of the first fluid is initialized. Upon
introduction of the first and second fluids, the bed of filter media expands and moves in
countercurrent flows within the vessel 20 as shown by the flow arrows in FIG. 2a. In FIG. 2a,
the filter media adjacent the first end 22 of the draft tube moves toward the second end 24 in a
direction counter to the flow of wastewater during filtration. The filter media 16 adjacent the
second end 24 of the draft tube moves along the outside of the draft tube towards the first end
22 of the draft tube, thereby partially or completely rolling the bed.

Filter media moving through the draft tube mixes thereby releasing a portion of the oil
and suspended solids immobilized on the filter media. Filter media exiting the draft tube
may further mix in a scrub zone thereby releasing additional oil and suspended solids from the
filter media. The oil and suspended solids are drawn from the vessel 20 via contaminant
outlet 50 in FIG. 2b. The gas is also removed from the vessel 20 via contaminant outlet 50.

The first fluid and the second fluid may continuously flow during backwash.
Alternatively, the flow of one or both of the first and second fluids may be intermittent. In
one embodiment, air continuously flows through the draft tube while water is pulsed into the
peripheral zone. The pulsed flow may be periodic, in that the flow regularly cycles between
off and on at preselected intervals. The period of time in which the fluid flows may, but need
not be the same as the period of time in which the fluid flow is interrupted. For example, the
fluid may flow for a longer or shorter period of time than the period of time in which fluid
flow is interrupted. In one embodiment, the period of time in which the fluid flows is

substantially identical to the period of time in which fluid flow is interrupted.
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In another embodiment, the first fluid may be intermittently supplied to the draft tube
while the second fluid is continuously supplied during backwash. The second liquid is passed
to the filter vessel and into the walnut shell filter media for a first period of time in a direction
counter to the flow of the liquid through the vessel and a first liquid is passed through the
walnut shell filter media in the draft tube for a second period of time to separate at least a
portion of the contaminant from the filter media. The duration of the first period of time may
be sufficient to perform a partial roll or one or more complete bed rolls. The flow of the first
fluid may be interrupted while the flow of the second fluid continues and contaminants are
removed. Flow of filtrate through the filtrate exit may be interrupted and flow of the first fluid
may be reestablished. The flow of the first fluid may then be interrupted while the flow of the
second fluid continues to once again partially or completely roll the bed one or more times.
Again the flow of contaminants may be removed while the flow of the second fluid continues.
The flow of the first fluid may be alternated continuously until the desired level of backwash
is achieved. To complete the backwash cycle, flow of the first fluid may be interrupted while
flow of the second fluid continues and contaminants are removed from the vessel. Upon
removal of the contaminants, the flow of the second fluid may be interrupted and feed
forward flow of wastewater may be initiated. The combination of pulsed backwashes may
result in a partial or one or more complete bed rolls during backwash. In one embodiment,
the bed is rolled about 3 times. In another embodiment, the bed is rolled about 4 times.

The pulsed backwash system provides advantages over conventional backwash
methods in that it may reduce capital and maintenance costs by eliminating mechanical
equipment inside the filter vessel or outside the vessel. The pulsed backwash method may
also be simpler to operate since it may eliminate conventional recycle pumps which remove
the filter media from the vessel for regeneration and then return regenerated filter media back
to the vessel. Maintenance of the conventional recycle pumps is often difficult since these
pumps are often located 20 to 25 feet above ground. Flushing of the recycle lines once the
backwash cycle is completed may also be difficult and may include manual removal of the
filter media. Furthermore, ¢limination of the mechanical mixers and the recycle pumps
reduces system weight and footprint. Also, because backwash components are internal to the
vessel, they may be formed of less expensive materials, such as plastics, since they are not
operated in a pressure recycle system as are conventional external backwash components.

The use of lighter components may also reduce the installation costs in some applications,



4 ¢&intinuous 28.1 4 Pulsed 34.2 1.9 As can be seen, pulsing the
wat er increased the velocity of the wal nut shells by about 12 percent and

reduces the tine to roll

t he bed by about 11 percent when conpared to the

continuous flow rates of 3 GPM whil e producing the sane vol une of backwash.

Simlarly,

ulsing the water increased the velocity of _t S
about 21 per %H’t‘oﬂg’ﬁﬁ'zr educes the tinme to roil the bed B’fqﬁlf%@%f@d%

hel | s by
per cent

when conpared to the continuous flow rates of 4 (3PM while producing the

sane vol une of backwash,

These results indicate that pulsing the

wat er during backwash is nore effici en1t4 so that the backwash cycle nmay be

performed in a shorter period of tine,

generate | ess backwash, or a

conbi nati on su((): bo% Stl]li)l‘a pgf%én%g, V%lf‘lgl% %Eﬁg%}%& gt?s}sgllg%éa%ef SY%C%?&’ WEn%gasteg' at the

pul sed backwash wou

enera

er square foot of

filtering assemccisariedthtmdagaacs def thgseaboutusadBo thg aklbdheckypshwatest  per
square foot of ik diehlaRhiah GBapadifhics QM D POUREY gaf oM RGBS -

production or refinery facilities, thereby eliminating the need for a compressor to supply the
gas to the pulsed backwash system. More significantly, because the pulsed backwash system
may utilize a gas and a liquid, it reduces the volume of backwash liquid generated.
Furthermore, because the filter media is not removed from the vessel during backwash, it’s
exposure to piping and pumps is reduced so that filter media having a lower modulus of
elasticity than conventional filter media may be used. For example, black and English walnut
shells are known to provide superior coalescing and filtration of wastewater containing oil,
however walnut shell filters are typicalty filled with the more expensive black walnut shells
because it has a higher modulus of elasticity than English walnut shells and therefore has a
more durable surface for use in external backwash systems. Because backwashes are
performed internally according to one embodiment, it may be possible to use the less
expensive English walnut shell without sacrificing efficiency.

Once it is determined that sufficient oil and suspended solids have been removed from
the filter media and/or the backwash has been running for a predetermined period of time,
flow of the first and second fluids are then interrupted and wastewater flow to the feed inlet is
initiated as shown in FIG. 2c while the filter media sets in the bed.

FIG. 3 is a cross sectional schematic plan view of filter media apparatus 300 similar to
filter media apparatus 200 other than filter media apparatus comprises four draft tubes 18
positioned in filter media 16. Filter media apparatus 300 also differs from filter media 200 in
that apparatus 300 may also comprise four first fluid inlets (not shown) to direct the first fluid
to each of the four draft tubes. Other structural features of apparatus 300 may be similar or
identical to those apparatus 200 and are therefore not shown. Filtration and backwash cycles
in apparatus 300 are performed in the same manner as with apparatus 200, other than flow to
the four first fluid inlets may be either initiated or interrupted simultaneously. As with
apparatus 200, filter media apparatus 300 may optionally include additional first fluid inlets
and/or second fluid inlets in the peripheral zone 26 to assist rolling the bed. The presence of
multiple draft tubes within the filter media may more uniformly distributes the gas exiting the
draft tubes and entering the scrub zone, thereby increasing turbulence in the mixing scrub

zone for more effective removal of the oil and suspended solids from the filter media. The
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draft tube 518 suitable for use in any of filter media units 200, 300, 400. In this embodiment
draft tube 518 comprises a plurality of passageways 570 in the first end 522 of the draft tube.
The cut outs may assist the flow of filter media from the peripheral zone (not shown) to the
first end 522 and through the draft tube 518. The passageways may be identical to one

another and regularly spaced about the second end of the draft tube to provide consistent flow
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within the draft tube. The passageways 570 may have any size and shape to allow sufficient
flow of the filter media and backwash fluid within the draft tube to provide a desired
backwash cycle.

FIG. 6 is a block diagram of wastewater treatment system 600 comprising a first filter
media apparatus 610 and a second filter media apparatus 620 operating in parallel. Filter
media units 610 and 620 may comprise a vessel, a filter media, and a draft tube positioned
within the media. A source of wastewater 630 containing oil and suspended solids is fluidly
connected to a wastewater feed inlet of filter media apparatus 610 via valve 632. Similarly
the source of wastewater 630 is fluidly connected to a wastewater feed inlet of filter media
apparatus 620 vial valve 634. The source of wastewater is fluidly connected to a second fluid
inlet of apparatus 610 via valve 636, and is also fluidly connected to a second fluid inlet of
apparatus 620 via valve 638.

A source of gas 640, such as an air blower, is fluidly connected to a gas inlet to
apparatus 610 vial valve 646. The source of the gas 640 is also fluidly connected to a gas inlet
of apparatus 620 via valve 648.

While apparatus 610 is running in a filtration cycle, valve 632 is open to supply
wastewater to the apparatus. Accordingly, valves 636, 646 are closed to prevent backwash of
the bed with the wastewater and the gas, respectively. Similarly, valve 642 remains closed to
prevent the gas from displacing the wastewater during filtration.

Apparatus 620 may be operating in a backwash cycle for all or a portion of the time
that apparatus 610 is operating in the filtration cycle. While apparatus 620 is operating in the
backwash cycle, valve 634 is closed to prevent wastewater from entering the feed inlet of the
apparatus. Valves 638, 648 are open to provide wastewater and gas to the backwash cycle. In
the system of FIG. 6, controller 650 may respond to a signal generated by a timer indicating a
predetermined backwash period has elapsed and generate one or more control signals to cause
valves 638, 648 to close and valve 634 to open so that apparatus 620 may operate under
filtration conditions.

Optionally, a source of filtrate may be fluidly connected to the second fluid inlet of the
first apparatus and to the second fluid inlet of the second apparatus. In another embodiment,
the second fluid may be connected to the first and second filtrate outlets to provide the second
fluid to the first apparatus and the second apparatus, thereby eliminating separate second fluid

inlets.
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In the system of FIG. 6, controller 650 may also respond to signals from sensors (not
shown) positioned at any particular location within the system. For example, a sensor in filter
media apparatus 610 operating in the filtration cycle may generate a signal indicating that the
pressure drop across the filter media bed has reached a predetermined value at which it may
be desirable to perform a backwash of the media in apparatus 610. The controller 650 may
respond by generating one or more control signals to close valve 632 and open valves 636,
646 to start the backwash cycle. The controller 650 may then receive and respond to signals
by alternatively place one or both units 610, 620 in service or take one or the other out of
service to run a backwash cycle.

During the backwash cycles of either apparatus 610, 620, controller 650 may signal
valves 636, 638, 646, 648 to remain continuously open or to open and close intermittently to
pulse the backwash. During the switch over of each bed from the backwash cycle, controller
650 may also intermittently open and close valve 646, 648 to provide pulses of gas to the draft
tube to aid in setting the bed. A pulse of gas through the draft tube may disturb the bed after
which the bed gravity settles. A pulse of gas may then again be directed through the draft
tube to again disturb the bed after which the bed gravity settles. The pulsed bed setting may
continue for a predetermined period of time or pulses, or until the bed has settled to a desired
height, at which time the valves 646, 648 may remain closed as forward feed of the source of
wastewater 630 is initiated. During pulsed bed settling with gas, a liquid may, but need not, be
pulsed into the vessel via valves 636, 638 to assist settling. Pulsing the liquid may occur
between or at the same time as the gas pulses to settle the bed.

FIG. 8 is a flow chart illustrating an embodiment of the invention. In FIG. 8, step 801
includes passing a feed liquid to a filter apparatus. Filtrate is removed during feed forward
filtration of step 801. While passing the feed liquid, a sensor monitors pressure in first filter
apparatus to determine if the pressure drop across the filter media has reached a
predetermined value shown in step 802. If the value of the pressure drop has not reached the
predetermined value, liquid feed continues to pass through the first filer apparatus as in step
801. If the pressure reading is determined to have reached or exceeded a predetermined
value, the flow of feed liquid to the filter apparatus is interrupted in step 803.

In FIG. 8, after the flow of the feed liquid is interrupted, a flow of a first fluid is
introduced into a draft tube in the vessel per step 804 in a direction counter to the flow of feed

liquid. A flow of a second fluid is also introduced into a peripheral zone per step 805. In step
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806, a determination is made as to whether or not the filter media has been sufficiently rolled.
This determination may be made upon the overall time period passing in steps 804 and 805.
Per step 806, if the filter media has been sufficiently rolled, the flow of the first fluid is
interrupted in step 807. If the filter media has not been sufficiently rolled, the flow of the
second fluid is interrupted in step 809. After interrupting the flow of the second fluid, the
flow of the second fluid is again initiated in step 810. Once again, a determination is made in
step 811 as to whether or not the filter media has been sufficiently rolled. If the bed has been
sufficiently rolled, the flow of the first fluid is interrupted in step 807. If the filter media has
not been sufficiently rolled, the flow of the second fluid is interrupted in step 809. Steps 809-
811 are repeated until it is determined in step 811 that the filter media has been sufficiently
rolled.

Once the flow of the first fluid has been interrupted in step 807 after a determination
that the filter media has been sufficiently rolled, contaminants are removed from the filter
apparatus in step 812. After removal of contaminants, the flow of the second fluid is
interrupted in step 813 and the flow of the feed liquid to the filter apparatus is reestablished in
step 814. Filtrate is again removed during feed forward filtration of step 814.

The function and advantages of these and other embodiments of the present invention
will be more fully understood from the following examples. These examples are intended to

be illustrative in nature and are not considered to be limiting the scope of the invention.

EXAMPLE I

An experiment was conducted to determine the effectiveness of a pulsed water
backwash. A test apparatus was configured with a clear plastic column having a diameter of
about 12 inches and a height of about 12 feet. A draft tube having a diameter of about 3
inches and a height of about 5 feet was placed at the center of the column. An air diffuser was
attached to an air inlet at the base of the draft tube. Three nozzles for delivering water were
equally spaced about the periphery of the column. Each nozzle included an elbow to direct
water tangentially in the column. The column was filled with 66 inches of black walnut shells
so that the shell bed extended approximately 6 feet above the height of the draft tube.

A series of tests were performed to measure the effect of air and water flow rates
during backwash. Backwash efficiency was measured in the velocity of the walnut shells

traveling down the outside of the draft tub in the peripheral zone. A portion of the walnut
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indicated that that by pulsing the water the generation of backwash volume from the walnut
shell filter was significantly reduced without sacrificing backwash efficiency.

Further tests were conducted with the above apparatus to compare continuously
flowing backwash water to pulsing the water while maintaining a constant flow rate of air
through the draft tube. In a first test, the water continuously flowed into the peripheral zone at
a rate of about 3 GPM while in a comparative test water flow was pulsed into the peripheral
zone at with a water pulse of about 6 GPM for about 1 second followed by no flow for about
1 second to achieve an overall flow of 3 GPM. In a second test, the water continuously
flowed into the peripheral zone at a rate of about 4 GPM while in a comparative test water
flow was pulsed into the peripheral zone at with a water pulse of about 8 GPM for about 1
second followed by no flow for about 1 second to achieve an overall flow of about 4 GPM.

The results are shown in Table I,

Table I
Water Flow Rate (GPM) Velocity (in/min) Time to Roll Bed (min.)
3 Continuous 23.5 2.8
3 Pulsed 26.4 2.5
4 Continuous 28.1 23
4 Pulsed 342 1.9

As can be seen, pulsing the water increased the velocity of the walnut shells by about
12 percent and reduces the time to roll the bed by about 11 percent when compared to the
continuous flow rates of 3 GPM while producing the same volume of backwash. Similarly,
pulsing the water increased the velocity of the walnut shells by about 21 percent and reduces
the time to roll the bed by about 17 percent when compared to the continuous flow rates of 4
GPM while producing the same volume of backwash.

These results indicate that pulsing the water during backwash is more efficient so that
the backwash cycle may be performed in a shorter period of time, generate less backwash, or
a combination of both. Based upon this data, it was estimated that the pulsed backwash

would generate 20-30 gallons of water per square foot of filtering area compared to
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walnut shells. In a second test, a vessel having a diameter of 4 feet included 4 draft tubes
each having a diameter of 6 inches was fabricated. The 4 draft tubes were equally spaced
throughout the vessel. Backwash water volume and gas volume were identical for both tests.
Visual results indicated that the multiple draft tube design was at least as effective at
rolling the bed as the single draft tube design, and in some instances was even more effective.
Without being bound by any particular theory, the presence of multiple draft tubes more
uniformly distributes the air exiting the draft tubes and entering the scrub zone, thereby
increasing turbulence in the mixing scrub zone for more effective removal of the oil and

suspended solids from the filter media.

EXAMPLE III

A pilot test was conducted to determine the effectiveness of backwashing a black
walnut shell filter having a baffle positioned in a draft tube. A filter media vessel having a
diameter of 4 feet was fitted with a draft tube made from a 12 inch diameter pipe. A baffle
formed from a 6 inch diameter pipe and centrally located in the draft tube. Clear windows
were installed in the filter medial vessel in order to observe backwash efficiency. Visual
results of the pilot test confirmed that the draft tube with a baffle provided adequate backwash

for the 4 ft large diameter vessel.

EXAMPLE IV
A test was conducted to determine the effectiveness of delivering alternating pulses of
wastewater and air to a bed of black walnut shell media to set the bed after a backwash cycle.

Walnut shell media was conventionally set in a vessel having a diameter of 12 inches by
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alternating pulses or short burst of wastewater and air were added to the walnut shell media in
a reverse feed direction for about 2 minutes and allowed to settle. Water was pulsed through
the bed at a flow rate of about 1.5 gal/min for one second after which air was pulsed through
the bed in a short burst for one second. The bed set to a depth of 53 inches, which is 7 inches
less than the original depth resulting in a condensed bed having a reduced void volume in the
filter media. Forward flow feed was then performed on the condensed bed to determine the
efficiency of the condensed bed compared to the conventionally set bed. The results of the
total outlet oil concentration verses time in feed forward filtration are shown in FIG.7. Linear
regression equations were calculated from the data for the conventionally set bed, labeled as a

loose bed, and the pulsed set bed, labeled a set bed. Data

Table II
Time (min) Total Oil in Total Oil in % Change in
Effluent (ppm) | Efftuent (ppm) | Oil in Effluent
Conventional Set Pulsed Set

100 19.364 21.292 +10.0
200 26.984 25.512 4.3

300 34.604 29.732 -14.1
400 42.224 33.952 -19.6
500 49.844 28.172 234
600 57.464 42.392 -26.2
700 65.084 46.612 -28.4
800 72,704 50.832 -30.1

At seen in the tables above, as filter time increased, the pulsed set bed was
significantly more effective in removing total and free oil from the wastewater, by as much as
30 percent at 800 minutes. Similarly the graph also shows that as time increased the pulsed

set bed removed more oil than the conventionally set bed.
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those skilled in the art. Such alterations, modifications, and improvements are intended to be
part of this disclosure, and are intended to be within the spirit and scope of the invention.
Accordingly, the foregoing description and drawings are by way of example only.

This invention is not limited in its application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the
drawings. The invention is capable of other embodiments and of being practiced or of being
carried out in various ways. Also, the phraseology and terminology used herein is for the
purpose of description and should not be regarded as limiting. The use of “including,”

2 &

containing,

% 6.

“comprising,” or “having, involving,” and variations thereof herein, is meant
to encompass the items listed thereafter and equivalents thereof as well as additional items.
Only the transitional phrases “consisting of” and “consisting essentially of” are closed or
semi-closed transitional phrases, respectively, with respect to the claims. As used herein, the

term “plurality” refers to two or more items or components

What is claimed is:



a vessel; a wal nut shell filler nedia positioned in the vessel;
a feed inlet positioned in the vessel above the filter nmedia and fluidly

connected to the source or wastewater; a draft tube system
positioned in the filter nedia constructed and arranged to substantially
roil the filter nedia; a first fluid inlet constricted and arranged to

deliver a first fluid to the draft nthe system thereby to cause rolling of
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and a controller in commni-@ation with the feed inlet of each of
the plurality filter units; the controller configured to generate a first
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the controller is conf 'aﬁﬁéﬁga f\lﬁ)eg‘ﬁxgﬁ?eﬁt%ﬁign%‘fiﬁ hg‘%fﬁ?ont rol signal, responsive

tea first sensor posi‘th urality of filter units

and configured to detgal ife posaribatdin Me Rede] priedstee Mt metinf the first of the
plurality of filter units, to interrupt &I w of the masse ter 40 t he feed
n‘: ?{1) an

inlet to the first of dfAdubsisyes) posijo Y medjp paustrucied and agrghgedios gy st em

of claiml, Wwhengi &G seRtk@h] er is configured to generate a fourth
control signal, reSponsive to the first sensor, to initiate flow of the

first fluid. 20 first flid el eairsted apdarineed to detsy afipt frdtodksdiafol 1 er s

configured t,0,.GeR&T AleRbftolchlst bUGRME MOk hEAR! ang r €SPONSi ve to the first
sensor, to initiate flow of the second fluid.
a filtrate outlet positioned below the filter media.

2. The filter apparatus of claim 1, wherein the draft tube system comprises a draft
tube centraily located in the vessel forming a peripheral zone positioned between a side wall
of the draft tube and a side wall of the vessel.

3. The filter apparatus of claim 2, wherein the first fluid inlet comprises a gas inlet.

4. The filter apparatus of claim 3, further comprising a second fluid inlet constructed

and arranged to deliver a second fluid to the peripheral zone.
5. The filter apparatus of claim 3, wherein the gas inlet is an air diffuser.
6. The filter apparatus of claim 4, further comprising a plurality of second fluid inlets.
7. The filter apparatus of claim 6, wherein the plurality of second fluid inlets extend
into the peripheral zone at an angle having a component tangential to the side wall of the

vessel.

8. The filter apparatus of claim 7, wherein the plurality of second fluid inlets extend
into the peripheral zone at an angle having a component tangential to the side wall of the draft

tube.



21. A nethod of filtering a contam nated liquid conprising oil and
suspended solids i2sing the apparatus of claiml,
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9. The filter apparatus of claim 2, further comprising a baffle positioned in the draft
tube.

10. The filter apparatus of claim 9, wherein the baffle comprises a hollow cylinder

having an axis substantially co-axial an axis of the draft tube.

11. The filter apparatus of claim 1, wherein the draft tube system comprises a
plurality of draft tubes positioned in the vessel forming a peripheral zone external to the

plurality of draft tubes and internal to the vessel.

12. The filter apparatus of claim 11, wherein the first fluid inlet is a gas inlet

comprising a diffuser positioned in each of the plurality of draft tubes.

13. The filter apparatus of claim 4, further comprising a gas inlet positioned above the

filter media.

14. The filter apparatus of claim 1, wherein the filtrate outlet is constructed an

arranged to remove filtrate from the vessel and to provide a second fluid to the vessel.

15. The filter apparatus of claim 1, wherein a volume of the filter media in the vessel

is at least about three times greater than the volume of the draft tube system.

16. The filter apparatus of claim 15, wherein the volume of the filter media in the

vessel is about four times greater than the volume of the draft tube system.

17. A system for filtering wastewater comprising:
a source of wastewater comprising oil and suspended solids;
a plurality of filter units, each unit comprising:
a vessel;
a walnut shell filter media positioned in the vessel;
a feed inlet positioned in the vessel above the filter media and fluidly

connected to the source of wastewater;
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a draft tube system positioned in the filter media constructed and
arranged to substantially roll the filter media;
a first fluid inlet constructed and arranged to deliver a first fluid to the
draft tube system, thereby to cause rolling of the filter media; and
a filtrate outlet positioned below the filter media; and
a controller in communication with the feed inlet of each of the plurality filter
units; the controller configured to generate a first control signal that initiates flow of
wastewater to the feed inlet of a first of the plurality of filter units, and to generate a second
control signal that interrupts flow of wastewater to the feed inlet of a second of the plurality

of filter units.

18. The system of claim 17, wherein the controller is configured to generate a third
control signal, responsive to a first sensor positioned in the first of the plurality of filter units
and configured to detect a predetermined pressure value of the first of the plurality of filter
units, to interrupt flow of the wastewater to the feed inlet to the first of the plurality of filter

units.

19. The system of claim 18, wherein the controller is configured to generate a fourth

control signal, responsive to the first sensor, to initiate flow of the first fluid.

20. The system of claim 19, wherein the controller is configured to generate a fifth

control signal, responsive to the first sensor, to initiate flow of the second fluid.

21. A method of filtering a contaminated hquid comprising oil and suspended solids

utilizing the apparatus of claim 1.



