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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



oi | and suspended solids rel eased fromthe bed, which |leads to the
generation of significant anounts of backwash fluid. Simlarly, the use of
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Conventi onal backwash systens are also known to create dead spots in which
the filter nmedia is not sufficiently turned and/or in which the backwash
fluid does not reach, effectively leaving oil and suspended solids in the
bed. A need remains for a conpact walmut shell filter nmedia unit having a
footprint sufficiently small to be used in offshore applications. Mreover,
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medi a positioned in the vessel and a feed inlet positioned in the filter
media and fluidly connected to the source of wastewater. The filter unit

al so includes a draft tube sygghenRYsHE DOVEdTIONthe filter nedi a
constructed and arranged to substantially rol|l the filter nedia, a first

fluid inlet cHBriseerdencedwithnae apesgegodipeits|theiayention relaes tp PV 804 he draft
tube systemod@dRdefingivalE@he outl et positioned below the filter nedia. The
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second cdititrappargiugmal hevea drifhtube sxspenspdsitonedoth theaigites wetie rwhich mayebe

constructed and arranged to substantially roll the filter media. The filter apparatus may also
have a first fluid inlet constructed and arranged to deliver a first fluid to the draft tube system
and a filtrate outlet positioned below the filter media.

Another embodiment is directed to a system for filtering wastewater. The system
includes a source of wastewater comprising oil and suspended solids and a plurality of filter
units. Each filter unit includes a vessel, a walnut shell filter media positioned in the vessel
and a feed inlet positioned in the filter media and fluidly connected to the source of
wastewater. The filter unit also includes 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, and a filtrate outlet positioned
below the filter media. The filter unit also includes 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.



feed inlet of a second of the plurality of filter units. Another enbodi nent
is directed to a nethod of filtering a contamnated |iquid conprising oi
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shell filter nedia positioned in the vessel and a feed inlet positioned in
the vessel above the filter nedia. The filter apparatus may have a draft
tube system positioned in the filter nmedia which may be constructed and
arranged to substantially roll the filger nmedia. The filter apparatus nay
al so have a first fluid inlet constructed and arranged to deliver a first
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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 4 is a schematic drawing showing a filter apparatus according to one
or nore aspects of the invention; FIG 5 is an elevated schematic side view
of a drafwotolesb@ge portion according to one or nore aPpEAiSg009f580he
invention; FIG 6 is a block diagramshowing a filter systemaccording to
one or nore aspects of the invention; FIG 7 is a graph showi ng the total
outlet oil concentration verses tine according to one or nore aspects of
the invention; and FIG 8 is a flow chart of one enbodi nent of the

i nvention. DETAILED DESCRI PTI ON The invention is directed to wastewater
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to a deep bed of about 66 inches or nore. The filter vessel may be
constructed of any materi al suitgble for aIparticuIar pur pose. For exanpl e,
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contaminants such as oil and/or suspended solids, and includes produced water from primary

or secondary treatment systems.

One embodiment of the present invention includes a filter apparatus comprising a
vessel containing a filter media. The vessel may be open to the atmosphere or closed to
operate under pressure. The vessel may be sized and shaped according to a desired
application and volume of wastewater to be treated to provide a desired throughput and/or a
desired period of operation before a backwash is initiated. The vessel may have any bed depth
desired based upon the desired volume of wastewater to be treated and the filter media
selected for the particular application. Accordingly, the vessel may have any bed depth of
filter media, such as a shallow bed of about 10 inches up to a deep bed of about 66 inches or
more. The filter vessel may be constructed of any material suitable for a particular purpose.
For example, an open filter vessel may be an open tank formed of cement. In one
embodiment, a closed filter vessel may be formed of coated carbon steel, stainless steel, or
fiberglass reinforced polymer.

Any filter media suitable for removal of the target contaminant or contaminants may
be used so long as it is also suitable for use in a filter bed. One filter media useful in
removing oil and suspended solids from wastewater is walnut shell filter media, such as

media made from English walnut shells and black walnut shells.



removi ng oil and suspended solids fromwastewater is wal nut shell filter
medi a, such as nedia nade from English wal nut shells and bl ack wal nut

shel | s. Owoenyadrevent of the filter apparatus includes R®CTasS3@Y/05800%5 Ng one
or nore sidewalls dependi ng upon the desired shape of the vessel. For
exanple a cylindrical vessel may have one sidewall while a square or
rectangul ar vessel may have four side walls. In one enbodi nent, the vessel
has a cylindrical shape having one cantinuous sidewall positioned between
the first and second walls. In one enbodi nent, the vessel is closed wherein
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draft tubeselystem may conprise one or nore draft tubes positioned in the
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the draft tube system toward the first wall of the vessel and back toward the second wall of

the vessel. The draft tube system may be sized and shaped for a desired application and

volume of filter media to be backwashed and /or to operate within a preselected time period

for backwash operation. The draft tube system may comprise one or more draft tubes

positioned in the media. As used herein, a “draft tube” is a structure having one or more

sidewalls open at both ends which when positioned in the filter media provides a passageway

for flow of filter media during backwash. In one embodiment, the vessel may have a volume

filter media of about 4 to about 6 times the volume of a draft tube or the summation of the

volumes of the draft tubes in the draft tube 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 example, the draft tube may be formed of the same

material as the vessel or may be formed of other lighter and less expensive materials, such as

plastics, including fiberglass reinforced plastics. The draft tube may be preformed for

insertion into the vessel or manufactured as part of the vessel. As such, the draft tube may be



long as it is abrasion and oil resistant. For exanple, the draft tube may
be formed of the sane material as the vessel or may be forned of other
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fiberglass reinforced plastics. The draft tube may be preformed for
insertion into the vessel or manufactured as part of the vessel. As such,
the draft tube may bedesigned to retrofit current filter nmedia units. The
draft tube system nmay be supported onghe second wall of the vessel.
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forming passageways to allow some of the filter media at or near the first end of the draft tube

to enter through the sidewall of the draft tube. The cutouts forming the passageways may have

any shape to allow a sufficient volume of filter media to enter the draft tube. For example, cut

outs may be triangular, square, semicircular or have an irregular shape. Multiple passageways

may be identical to one another and uniformly positioned about the first end of the draft tube

to equally distribute flow of filter media in the draft tube.

The draft tube or draft tubes may be positioned at any suitable location within the filter

media. For example, a single draft tube may, but need not be positioned centrally in relation

to the vessel sidewalls. Similarly, multiple draft tubes in a single vessel may be randomly

positioned or positioned in a uniform pattern in relation to the vessel sidewalls. In one

embodiment, a single draft tube is positioned in the filter media in relation to the vessel so

that an axis extending from each end of the draft tube is co-axial with an axis parallel to the

sidewall of the vessel. Multiple draft tubes in a single vessel may, but need not be identical in



medi a. For exanple, a single draft tube may, but need not be positioned
centrally inrelation to the vessel sidewalls. Simlarly, nultiple draft
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single draft tube is positioned in the filter nedia in relation to the
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co-axial with an axis parallel to thesidewall of the vessel. Miltiple
draft tubes in a single vessel may, but need not be identical involune or
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end of tHedigrade ﬁﬂtt%f‘eoqﬂet RayBiosklsity badltgrmedia Hheartset alwenglidasé fiiduci ng
flow of th& ff)ﬂdﬁ@{ﬂw%rﬁtr@étéﬁnﬁd%ﬂa@éﬁ% ey sl henal ﬂm@tomet Gk tnelarize from

the second end of the draft tube to the first end e draft tube.

Oper at i ofbgfto tnﬁececﬂuaflg baolfiyashe fqve el theﬁltﬁ@lqﬂwcmmeﬂwﬁgﬁfegb%mrn dredyst
counter cupg eIh]aRWﬁ)e\% Ih? {to}u‘?@n %@dra@%e%ﬂé%@g&ﬁ%ﬂ&b F&E aiEdhay waO nmove

as exenplarily shown in |a appar at us 1. The filter
medi a 16 alwwg els oftpideryit¢venllfaf ﬂmdréhmb@iromfthet fseondeend ef the raf tahrego thedirgiut si de of
the draft,, 4 &gﬂé% the second end 14 of the vessel 20 where it may then
enter thé 11rst 52 of the draft tube 18 adj acent the second end 14 of
t he vessel ZooaﬁmmeWMmbymlhbe@ﬂ&heﬂumgbwkhmde&g@wmﬁﬂwabmm&mmumﬁme filter
media 16 ﬂ%s hO 1nqge yessel aIPaa causes ttheefﬁter media to move as exemplarily shown in filter
media apparatus 100 in FIG.1. The filter media 16 moves from the first end 12 of the vessel
20 along the outside of the draft tube 18 to the second end 14 of the vessel 20 where it may
then enter the first end 22 of the draft tube 18 adjacent the second end 14 of the vessel 20 as
shown by the dashed flow lines (not labeled). The filter media 16 (shown only in part) then
moves within the draft tube 18 in inner region 50 from the first end 22 of the draft tube to the
second end 24 of the draft tube where it exits the tube and enters a peripheral zone 26 of the
vessel 20 as shown by the dashed flow lines (not labeled). As used herein, a “peripheral
zone” is an internal volume of the vessel not occupied by the draft tube system. While
flowing in the draft tube 18, the filter media 16 may mix thereby releasing a portion of the oil
and suspended solids previously immobilized on the filter media. During backwash, upon
exiting the draft tube and entering the peripheral zone, the filter media is in a turbulent zone

above the draft tube in which the filter media continues to mix releasing additional



noves within the draft tube 18 in inner region 50 fromthe first end 22 of
the draft tube to the second end 24 of the draft tube where it exits the

t ube and wot2ere3esdperi pheral zone 26 of the vessel 20 aPCTRSMWI0§80DHhe
dashed flow lines (not |abeled). As used herein, a "peripheral zone" is an
internal volume of the vessel not occupied by the draft tube system While
flowwng in the draft tube 18, the filter nedia 16 nay m x thereby rel easing
a portion of the oil and suspended salg.ds previously i mobilized on the
filter media. During backwash, upon exiting the draft tube and entering the
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tube in which the filter nmedia continues to mx releasing
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and shape, i n€haishigpid nnaegelalafrﬂhyd sahaqh@d npvaﬁmw loéthe filthiemédiz @tough thied may be
any flui qratftq%ﬂh@q%? Exd gl;st ﬁIudtnpcl? bfe a §S Iaﬁl OE’ QPI%H gg f’i‘lfdt t ube.
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fluid in
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any con |gurat|on Suj t e or ellrver t he t ul to af t

t ube. ForWSé%n&eeﬁrS&fH%f ot By PRgiagy F?ﬂfjb%fl aﬂﬁw%@“afﬁorﬁelﬂrqr@g thefirfdbud e or a
jet for eelht Rtk Fofatmpld, tdifflst fRId lﬁ@mw@éamlﬂce%@@ilet& ajAigordraft tube.
In one enbodi nent the first inlet is a diffuser for del |ver|ngtthe gas to

t he dr af el\gHBE 2 FHeliqyid.tos porpination thease! &1 e diafdulse én epfecgiodifpsn

inlets toeel i Mgk fHYLRMink ki s Ian@dRRkieher al zone. The second |nI ets
may deliver the second fluid at” or near the second wall of the vessel to

i nduce fl ow ofhglligryesselpnaydsofinadydedne apapLy seend ides torislifirasecoadduigf t he
draft tu mor t he
vessel tgdea ?Q\%ﬁd}g Fzd ack?\/\gezsﬁg%ﬂg%ysg{ ? ﬁglm\?g{s}%e an@ﬁg?ggﬂé&ﬁﬂ?% é"}%&\b )

toward t IQéthd vefsel to utdecesat erassifthe ths dlownd mddwtdwmﬂythb@r%elgh@f thexdrbft qui d such
as the Tl 88 oPhoNASIEHEL G RS thibblistely ARdnequbi RalLans thereof . In

one enbo e secon e Was iverted Tromthe

wast ewat érckireddflowteethe vessdlendldivet filkat nfadarovind tle draft albe syotenl. €fhe sddoed second

fluid inl etd ma behaaé{ag, aalpc%id, such as the filtrate or wastewater to be filtered, and combinations
thereof. In one embodiment, the second fluid is the wastewater diverted from the wastewater
feed inlet or be diverted from the filtrate outlet. The second fluid inlet may have any
configuration suitable for delivering the second fluid to the peripheral zone. For example the
second fluid inlet may be an orifice, a nozzle, or a jet for delivering a gas, liquid, or
combination thereof. In one embodiment, the second inlet extends into the peripheral zone.
The second inlet may extend from any suitable location to assist in water distribution. For
example, the second inlet may extend into the peripheral zone from the vessel side wall and/or
from the draft tube sidewall. In another embodiment, the second inlet may extend into the
peripheral zone at an angle having a component tangential to the side wall of the vessel.

In yet another embodiment, the peripheral zone may also include one or more first

fluid inlets to further agitate the filter media bed. The first fluid inlets in the peripheral zone



configuration suitable for delivering the second fluid to the peripheral
zone. For exanple the second fluid inlet nmay be an orifice, a nozzle, or a
jet for owbDi2owv3mg2a gas, |iquid, or combination thereoPCTIUS2e09058005

enbodi nent, the second inlet extends into the peripheral zone. The second
inlet my extend fromany suitable [ocation to assist in water
distribution. For exanple, the second inlet my extend into the peripheral
zone fromthe vessel side wall and/or.dromthe draft tube sidewall. In

anot her enbodi nent, the second inlet may extend into the peripheral zone at
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intermttent pulsing of liquid through the second fluid inlet. Puling
bursts of*jas and liquid may disturb the bed sufficiently to allow the bed
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continuous filtration e or nore filter la units are off line
because ofsulisenbget oigth¢ media batinpdisienagscih evhanh thedastatatdr napristieegies orl n t he
Wast ewat &f,inels in the filter media and breakthrough of oil and suspended solids.

Another embodiment is directed to a wastewater treatment system including a plurality
of filter media units to provide continuous filtration while one or more filter media units are
off line because of operating in a backwash cycle or bed setting stage. In the wastewater
treatment system, a source of wastewater including at least one contaminant may be fed in
parallel to a plurality of media filter units. Wastewater feed flow to one of the filter media
units may be interrupted while wastewater feed flow to the remaining filter media units
continues. The filter media unit taken offline may then be backwashed and have its bed set
before being brought back into service. Once the filter media unit is brought back into
service, another of the filter media units may be taken out of service for the backwashing and
bed setting cycles.

In some embodiments, the system and/or individual filter media apparatus may
include a controller to interrupt and initiate flows as desired. As used herein, the term

“interrupt” is defined as complete cessation of flow. A controller may direct the flow of the

wastewater feed, the first and second fluids and the gas depending upon the desired operating



treatment system a source of wastewater including at |east one contam nant
may be fed in parallel to a plurality of nmedia filter units. WAstewater
feed fl owOcomwsee? the filter nmedia units nay be inter POPUSAI0a058005
wastewater feed flowto the remaining filter nmedia units continues. The
filter nmedia unit taken offline may then be backwashed and have its bed set
bef ore bei ng brought back into service. Once the filter nmedia unit is
brought back into service, another of ghe filter nmedia units may be taken
out of service for the backwashing and bed setting cycles. In sone
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Simlarl t he controlle can itiate back sh based second si gnal
coner ot oaEyMEHE DA Bt irn kP b TR e APre R RBSRHR: ol or
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filter nmedia aggﬁ s and |n|t|atkﬁg f|OM/Ofu§? tewat er feed to another

filter nedia 2 odigeatly sShygnn £ife %8 r\pparef comppisesygidicdl gnal , and

combi nat iveRsl Johevieeh sidénat Bera fﬂ@ﬂ:\m 4PeRdd d ecSaGwN 44n AHifker n@ia 1BpPAr at us 200
conprises a cylindrical vessel 20 having a side wall 40, a first wall 42,

and a se€@H#MNGHaVIthiAZ porsop of thevessel d0avithgngdia retsation Mua SQpesiionedagitqeni on of

the vessele 40 it h of‘fﬁ@'v@ssél%@&Irée%mﬁbﬁﬁ@neégdﬁ&%{ fhk 0RGRu afi @G the first
end 12 of the vessel and screen 60 positioned adjacent the second end 14 of

t he vessepsselvBéidi resnieanniynmey e aﬁwtrlw&% SLafrwlesStudmet afceces of 2 etifosatesuch as
a screen ke @rfl hft&ffgfefﬂleﬁhh%ﬁh Aaaacif@het\l% {V AEd1oWREl e Wod gdla dndor ti on

of the vBssel |Ie oW ng t contam nants to pass into
and out @bnt@mmammmss Weswebuag tlaﬂlm@dla:o‘ﬁqssqlééglsacdmprsﬁs eht a@ 13dj acent t he
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d

wast ewat &r a(f %’g 9{1 g%’eﬁgf%@g n‘?h%ﬁag&%ﬁtg Se%gcfp\%gl ‘% agfé%sé%%e r?%"ﬂ and
above t hmlét|3[2taéjacmdleeﬁrs_‘t@nd | hotRh&Gres@d 20 and above the filter med1a 16. In FIG. 2a,

vessel 20 also includes a filtrate outlet 38 positioned below the filter media 16 adjacent the

second end 14 of the vessel 20.

In FIG. 2a, a cylindrical draft tube 18 having a first end 22 and a second end 24 is
centrally positioned within the filter media 16 such that the first end 22 of the draft tube 18 is
adjacent the second end 14 of the vessel. Filter media 16 is also positioned within draft tube
18, and is shown in part in FIG. 2a. The second end 24 of the draft tube is positioned
sufficiently below an upper end of the filter media bed so that sufficient filter media is present
in the bed to refill the draft tube upon completion of a backwash cycle. A peripheral zone 26
in vessel 20 is a region delineated by the volume of the filter media 16 excluding the space
occupied by the filter media in the draft tube 18. A scrub zone 28 in the peripheral zone is
positioned above a top surface of the media, between the top surface of the media and a
screen 30. Screen 30 is positioned above the scrub zone 28 adjacent the first end 12 of the

vessel 20 to prevent loss of media during backwash. Also shown in FIG. 2a is scrub zone 28



vessel 20 also includes a filtrate outlet 38 positioned below the filter
nmedi a 16 adj acent the second end 14 of the vessel 20. In FIG 2a, a

cyl i ndri c&D 2droaf3seorube 18 having a first end 22 and a s@CTAS2@M58045 | S
centrally positioned within the filter nmedia 16 such that the first end 22
of the draft tube 18 is adjacent the second end 14 of the vessel. Filter
nmedia 16 is also positioned within draft tube 18, and is shown in part in
FIG 2a. The second end 24 of the drafij_tube is positioned sufficiently
bel ow an upper end of the filter nedia bed so that sufficient filter nedia
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peri pher &' wie B BHeS ParEVadcond end of vessel 20. The vessel 20 in FIG

2a incl udes cpofigdifadidn, %ité@;te&@mfafaingr&mwlsme&@alg@mls MedHested ULRe@s oi | and
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may
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backwash. During filtration, wastewater containing oil and suspended solids

is di rectV\é'féteb’V@tef gagltaneoesly %St?srﬂerg%@sthq Akt uepdiaslorie &1e dzdt whell efiemthye t he
filter oﬁd &f 34 fttﬁlegir?f?fhb@w #C ﬁ%‘é %th off't}{e?r?‘rfﬁge 12 1Rke é&?th\é%%s%a'zzgm

t owar ds t secon 14 as note ashe ow arrows in Fl
Wast ewat e fﬁtrmbmaifemdsm}' heakrseted toHfnuhey kreathentfor diselrargeddi a 16 in the draft

drart tube. T Erarang g Py fihe BLabOR ol olofRbehRel BRI, ENNCD e
di r ect ed flugl rthayrtichpeitsed togtht dmefitrubsrviadiirsicihad gdad 34 during the filtration cycle. Y
Optionally, the first fluid may be pulsed via one or more first fluid inlets (not shown)
positioned in the peripheral zone during filtration. As used herein, a “pulsed flow” is defined
as a flow of fluid which is intermittently interrupted. A pulsed flow may occur at random
intervals or 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. 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.



To extend the period of tinme in which filtration occurs between backwashes,
the first fluid may be pulsed to the draft tube via first fluid inlet 34
during t heof2o0lwasedozon cycle. Optionally, the first fl ui @#Crays20pe/0p800Sed vi a
one or nore first fluid inlets (not shown) positioned in the peripheral
zone during filtration. As used herein, a "pulsed flow' is defined as a
flow of fluid which is intermttently interrupted. A pulsed flow nmay occur
at randomintervals or may be periodig;_in that the flow regularly cycles
between of f and on at preselected intervals. The period of time in which
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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.



direction counter to the flow of wastewater during filtration. The filter
nmedi a 16 adj acent the second end 24 of the draft tube noves along the
out si de ovorhw/ds@t tube towards the first end 22 of tReTAS2609/0580b%,
thereby partially or conpletely rolling the bed. Filter media noving
through the draft tube m xes thereby releasing a portion of the oil and
suspended solids immobilized on the filter nedia. Filter nmedia exiting the
draft tube may further mx in a scrubjzone thereby rel easing additional oi
and suspended solids fromthe filter nmedia. The oil and suspended solids
are drawn from dnB@cVERRImeAP tvd @< CRAT ATY DaMerRichE) su%?hédr{o kHcGraflibe The gas
is also renmoved fromthe vessel 20 via contam nant” ou . The first
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the desired | T ell)uls%fd bQ&(an@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, elimination 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,



is achieved. To conplete the backwash cycle, flow of the first fluid my be
interrupted while flow of the second fluid continues and contam nants are
renoved fwornmtomsespessel . Upon renoval of the contam nanP€T/ush@9ofobsms of t he
second fluid may be interrupted and feed forward fl ow 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. In one enbodi nent, the bed
is rolled about 3 tinmes. In another empodi nent, the bed is rolled about 4
times. The pul sed backwash system provi des advant ages over conventi onal
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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



because it has a higher nodulus of elasticity than English wal nut shells
and therefore has a nore durable surface for use in external backwash

syst ens. Bocauwssedvackwashes are perforned internally aceordiseg9nssoohe
enbodi nent, it may be possible to use the | ess expensive English wal nut
shell wi thout sacrificing efficiency. Once it is determned that sufficient
oil and suspended solids have been renoved fromthe filter nedia and/or the
backwash has been running for a predeterm ned period of tinme, flow of the
first and second fluids are then interrupted and wastewater flow to the

feed inl %Emln’énén{‘éftad Rh@d (B SO flFFS. 2GhoBh hét deb&sdry, |rﬁa‘f9,rra118@9‘bla sets in
t he bed. 3 1s a cross sectional schemati¢ plan view of filter media
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Theelinmnation of a central draft tube as shown in FIG 3, though not

necessar yhe detijedaiofg o sredivgslliag thiehghihsressebr satil e wat er distribution. FIG
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apparatus 400 is simlar to filter media apparatus wi'th the exception that
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as to have t otential for m Xxing to occur w he draft tube.
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the filt &iltradiaad badkiviasigeyele$ incapparetys 40there pafdrined metlie e manner as with

apparatus 200. As with apparatus 200, filter media apparatus 400 may optionally include

additional first fluid inlets and/or second fluid inlets in the peripheral zone 26 to assist rolling

the bed. During backwash, the filter media flows through the central portion 64 as well as the

outer region 66, while the filter media in the peripheral zone flows in a counter current

direction. During feed forward filtration, the liquid containing contaminant flows through the

filter media positioned in the peripheral zone 26, the outer region 66 and the central portion

64.

FIG. 5 is an clevated schematic view of one embodiment of a base portion 500 of a
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



si zed and shaped for a particular purpose. FIG 4 shows a cylindrical
baffle 62 centrally positioned within the draft tube 18. Al though 4 draft

t ubes ar ew®l0W/035¢92i s under st ood that any nunber and comCirgise@wviosseodf draft
tubes may be used so long as the draft tube system provides the desired

vol une of nedia rolling through the vessel. In apparatus 400, the first
fluid inlet 34, such as a gas inlet, may be constructed and arranged to
direct air though the entire draft tubg_including an outer portion 66
bounded by the sidewall of the draft tube and the sidewall of the baffles,
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and Shap%pﬁa%té’s'dlgwla‘i Yiild 6dehe §du§8é’o@fhetgla§6zfd ik 51@6 ﬂﬁ@@'&n@e@f&d@@&é&’@i@l@t fluid
within the draft tube to provid desited backwash'cycle. FIG 6 is a

bl ock di &frnparase odRskeRke &f3.t reat rrent system 600 conprising a first filter
medi a appar at %ﬂgéﬁa&?ﬂ% A0SERANH: T d fighe El@ \%P\Fé%@% R gﬁ?rat' ng in

parallel. Filte la units 610 and 620 rlse vess afilter
medi a, amstaw@mdbﬁhetapbazfaqg@sd\cqouhlmiywatvm Mot ﬁfté aaredlp@d thpEsBet beckohshwdst ewat er

630 cont "E’ﬂerﬂeﬁ gvit‘ﬂitllle %@Lwﬁ'ﬁ Q&{‘t‘ﬂ@ gas§ pelslgegﬁvél)% §ilnli'l.51qg/,3(falve 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.



connected to a wastewater feed inlet of filter nedia apparatus 610 via
valve 632. Simlarly the source of wastewater 630 is fluidly connected to a
wast ewat ewof2emd3seseet of filter medi a apparatus 620 vi alPCralSe@9d3shos 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 val ve 638. A source of gas 640, such as an
air blower, is fluidly connected to ajgas inlet to apparatus 610 vial valve
646. The source of the gas 640 is also fluidly connected to a gas inlet of

appar at us 620 \h@séahVe 948, Wit dier GPRALATWS IR fo%lg’n%ﬂ@ RoRkehddrfnbi | tration
cycle, valve 632 i's open to supply wastéwater to th apaar at us.
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fQloti gnal : Y, a})ﬁﬁﬁgtﬁ?bmm dycRt ef dfyr dg@arﬁﬂublﬁw ysz@@mgftglltee@é)tr@aylcg@asfecogd
ul Inlet o t he ar.at us. an to the secon ul Inlet o t he
second appaFHtiisO3t ﬁ%ﬁ%& m@ﬂﬁ%inﬁ‘é‘ﬁly OPER & QRS AQSF HFFEYIBEY Bonnect ed

to the fiptusé theBeckSAGO MArihi {h'fers@'it@h Sk bedaSh b&l ﬁd@me%d&%@h &REOBshtiolie d to the
first appar atus and the second apparatus, thereby elimnating separ ate

second f 099 Bay Abe tsermtephporspand pows vape@lo648 é‘bPﬁOV’éP palpes@b gasrig fheadrafy

respond the3h 03 StfieAmR RQN gﬁse(o@g&s tRRA¥he B&%ﬂtﬁﬁ&ﬁ%ﬁdlﬁhrbﬁﬂé/béa%‘téﬂ cul ar
| ocation within the system exa e, a sensor in [ter medi a appar at us

610 oper athighghg bﬁdtg}fﬁé’ltb’ ispttlesath ?}HSW@PW%‘}IG@W@@@@@@IWFI thattipieat i ng t hat
the pre er m ned
Pressilgo ﬁg’aﬂpd@cﬁlrbqgesbegﬂ?telf \!vlg Ig{hte g@%%r%}z@%@td@sﬁ %Qﬁ fe (fseHLg

val ue at whic esira rma bac diain
appar at uso8moe foTla,@rngtmmlmd leario@ §0timeagr 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



respond by generating one or nore control signals to close valve 632 and
open val ves 636, 646 to start the backwash cycle. The controller 650 may

t hen recewvoeommdsddespond to signals by alternatively pl &Ce/Use@90880bdt h
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 intermttentgy to pul se the backwash. During the
switch over of each bed fromthe backwash cycle, controller 650 may al so
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l'i qui d, al5eiasq)reate@ﬂmm@rr@daérﬁﬁ@dﬁeswmg1‘1! th&tthd filkcr @fcdAMRAbR Weffitentget er m ne

if the pre sure drop across the filter nedia has reached a predeterm ned
val ue shéWsdi n step 802. If the value of the pressure drop has not reached

the predetermﬁ&dhé/ﬁwefthblf@dﬂﬂdldfmﬂeeﬁméﬂrﬁm&ﬁnfsep RS sttdr Blaee@hingtleg first
filer apparatus as in step 801. If the pressure reading is determned to

have r eaé}ri‘eﬁleéhlte‘e‘%‘é‘ee%d’e@ Prifedentls roled eepnipgiinpats atrehemovwr@?ﬂ thedB@r | i quid to

the f'|t%ﬁzﬁ@ﬁﬁh@kﬂ%li5Aﬁ&%§£6%@5ﬁ%nhﬁm§&%Pm§@@wok%c%&%hdﬁum4§ter the flow
of the feed I is interrupted, a fl ow of first fluid is introduced

into a drlraﬂfupttqcs]ibesfﬁm&%@d\ﬂeﬁs%@ ofyhe f@d eaulé@mth? flter a@pqrrefe% isaepstabliheéin t o t he
flow of fsﬁ @14{ 'Fﬂlrf'atg is d%alfnl %Wox%fd ddri ?fég&'ﬂ)r\tvérﬂ'fﬁrdtl%n @{‘ s?ﬁot $1Qt roduced into a

peri pheral ™ zone per step ep806 etermnation is made as to
whet her or noihqﬁedﬁmwnéawwe@gﬁCﬁdexbeemmsmemb@hmﬁﬁsvﬂh®Mtﬁmtmﬁmn@n

det et m N BOIRY B TRARIRAR, 1R OVALALLmbLIPHREr L BRSRT g doR (B! P 804

and 805 t he een sufticien rol | ed,
the fl owboﬂlusﬂn:ewb iy stture hod @e net con51dered 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



interrupted in step 807. If the filter nedia has not been sufficiently
rolled, the flow of the second fluid is interrupted in step 809. After

i nt erruptwogotamsedow of the second fluid, the flow of wPrhE/tse@ons8obsuid is
again initiated in step 810. Once again, a determnation is nade in step 8
11 as to whether or not the filter nedia has been sufficiently rolled. If
the bed has been sufficiently rolled, the flow of the first fluid is
interrupted in step 807. If the filtefgnedia has not been sufficiently
rolled, the flow of the second fluid is interrupted in step 809. Steps 809-

811 are rsﬁ‘d?l‘%‘%?edpaﬂﬂéd for h%ua'l éorﬁ!ﬁh%dﬁ'd‘i‘%ﬂbﬂdu?ﬁr%%a&w&a%h tihah ks f il ter nedia
has been suffi ci entléO | ed. Once the flow of the first fluid has been
mu

i nt er r uptskicated that ghst lang de watey hegendrgtmniodhackyath wolendg frgra ghe wadtlita has
been suf i ] he filter

appar at ugheiqlnfﬁ%% lévxs &g&h&ﬁl%l%z g@%@%@%ﬁ%ﬁ%@rﬁ%ﬁ%ﬁfiﬂc%% flow of the
second fluid Flst‘thenteets mapsteedductedstitiph@a®ve nebataties t6 bawpant canhisudueled |iquid to
the filtep . Al tr ain
emoved G Tty SEAT pat LSRR SABCLL ARk otk Tl T O AOT
advant agdﬁoutgh thehéa&uﬂxadlroet m@tteﬂntbe)d/aWEMHmqulyHprd @setit peripberd zowe am | | be
nore full rst oW N a l.es .are

"ot ended ¢ BB CEPMRT PRohBirtPY SRy RPN 55 ed R0 TR Tt ¢ g
t he SCOp@oMattVﬁIB aiwnted pliis© of abEdANMPRN fbr Aouteixqeesidfeidwadas rrocmdufbt gbut O
determ ne the ctl venes se wat er backwash. A test apparatus
s cont 1 GtBA S et e P o e hereri ot VoA HREaosE Bbour 12

i nches armdwadfmﬁ;@bberqihe@bmte aflZrafeagtabovA 4 d¥ra vhilel bhex doapangvetcstivaitgt er  of

about 3 inches and . a h t of about 5 feet S ace he cent er of the
col umm. ARWayas pylsed it ﬁﬁ%@? herat 200k aigvithe Wate iOEF gFP% rgh lof t he

draft tubgond hﬂl@@zed{l@;zﬁd) Asw F@rab6R 1Y@l RgacHRY€hin YRS RS dbyutsin@ead about

t he periphery of the colum. Each nozzle included an el bow to direct water
t angent i E\Fﬂlwesvlﬁ o hible Fhe col um was filled with 66 inches of bl ack
wal nut shells so that the shell bed extended approximately 6 feet above the
hei ght of the draft tube. A series of tests were perfornmed to neasure the
effect of air and water flow rates dTﬁbing backwash. Backwash effl ci ency was
e out si de of

measur eq F’ka Ep VISR STer T hhayskd a“@%’*ﬁ'
t he drafit 1Ihg W i ph eraﬁy\;@%e A portilon o¥0 %e wal n % hells were
pai nt ed cﬁonunumal confl rrra;ta bn of notion durlizty backwash. Init{al results
i ndi cat yat—that—byputsing—the—water—thergeneratton—of—backivash vol une
ff om ¢ ho Vel 50 >3

4 Continuous 28.1 2.3

4 Pulsed 34.2 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



shell filter was significantly reduced w thout sacrificing backwash
efficiency. Further tests were conducted with the above apparatus to
conpar e csaormsoeRy fl owi ng backwash water to pul sing PoE/UGsa000/05800% | e

mai ntai ning 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 GPMwhile in a conparative test water flow was pul sed into the

peri pheral zone at with a water pul seppf about 6 G°M for about 1 second
foll owed by no flow for about 1 second to achieve an overall flow of 3 GPM

| 2 5eCanirdiRsbiok 18 WAL o ARG THBIQUSL Yod: bPHRSINEAIA WilloRSTbBlier I zone at

a rate of abou e in a conparative test water flow was pul sed

i nto theflowiigpyddral zone at with a water pul se 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 | . Table | As can be seen,

pul si ng EXANBERH | ncreased the velocity of the wal nut shells by about 12

percent and r i . t pjﬁm . r en
conpared to t g&gg’% %Ar;:lglé%és Id%t\(/gvmﬁlg%lehse eg}%tg’g%sﬁ(%%l eSlf)lgl %3&%?1?18;%% samne

vol unme ofhdiadiewbsting iBilbpledrdfytpbgs uh sammgprisdretowatngte drafcrubasked firktaesy,@l oci ty of

t he wal nut ells abou ercen nd reduc the .tinme. to roll, the bed
by about "7 g5r BEAARRER 4 e8RS SN B Bl AR T At b8t 7 o

whi | e pr adbied wig fahrizasdm poaloung thefwabae kwis tvere Pamsed focidedtifisationdndat e t hat

pul sing the water duri n%nal%ackwa nmore efficient so that the backwash

h is
cycle may BEWSSFRRELG" é{aré%?‘%cé?o%él}ﬁhBHGSS‘Fl 19 PRREVe SR Se ALY packwash,
orI a gogbjarkmt ﬂﬁns.oﬁllag@édﬁd t@@seehsgp@gingb:diﬁn@wt at]:4fetet Welsdeast dramtudek ]E hat t]t]e
ul sed bac sh wou enerate 20-30, gallons ter per uare foot o
filter n@af&ﬁ@amgaﬁﬁaw@g of %g}@ﬁeér“aa@ if%gw%%u?he afy by F%W%rgswﬁgﬁwdper squar e
foot of fHirbd@ohtiBe As@ Bhdidva@ORdtbbAIAS A d fchOVINBe Ware 8dontiEaXAVBLE thsts. A t est
was conducted to determ ne the effectiveness of backwashi ng a bl ack wal nut

shel | filter N#vildguhuindicpied that the muftipledratt Hibe ey Vachloey ancliicHyt € draf t

tube. 1n &ifd hsbhed Kk siﬁ%lé’ 828 SlbeRRMEN In@indb AR BB Qfwad cf&8horb affeBRE
centrally | ocated draft tube having a dianeter of 12 inches was fabricated.

A port i onVigfout bpengpupdiby styatartisulge theonyaihp pesente of muépledfaficapdsarprand wi ndows

‘g’fer tehgos W hirQRRIdRE LYY QYR ckiff R ARt dibks bR cMERREhe LRICRRE MNEeHyhe Movenent

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



wal nut shells. In a second test, a vessel having a dianmeter of 4 feet

i ncluded 4 draft tubes each having a dianeter of 6 inches was fabricated.
The 4 dr avO 20u8s692er e equal | y spaced t hroughout the vePselUS2@a0k’eash wat er
vol ume and gas volune were identical for both tests. Visual results
indicated that the nmultiple draft tube design was at |east as effective at
rolling the bed as the single draft tube design, and in sone instances was
even nore effective. Wthout being bowpd by any particular theory, the
presence of multiple draft tubes nore uniformy distributes the air exiting

the draf trediiiBemsRAGeLR b ﬂ&\@t&&ﬁé«ltﬂe @€ 60 Int!ﬁ‘éseﬁi/e WA 8RS fchid Whbul ence
in the mxing scrub zone for nore ef ive renoval of the oil and

suspendedhesgkpaded quoe thedaghwask FY%‘@laélelgEMI\ﬁﬁLEhPf’r | Fomcpmpastson, gt beglas
conducte nut

chel | 1 e SoREMRRIE AR (60 Bl (TSRt REYRS el B Cai o
vessel haviuig. Eormaemféctvefeed)fvaﬂthﬁlemrfmsd foi nqaeute tictelfficacndy af the becbe nade from a
12 inch di amet and
centrally Iocaﬁgwgh&%Pﬂﬁmgﬁg%£§?L%égﬁ%ﬁ%&Rgg?%%%agﬁaégtﬁﬁﬁégg 1§§}n t he
filter rmhhraitlng@ab&l orlslnorolbldﬁrof twast@b&erramé abhackovaldbd eftlid walewciell Mechalall

results of the t roed t be mnth baffl e

b ovi ded tagtee v BheloRn BP0 BHES o bR G AP Srtb i R pre 1 v A
test was t}&ﬂmd ut:at ﬂ@bv Fade @f@b@mtrﬂﬂml/tﬂh@f@bﬁmtmnd@tﬁ@sahm]ﬁ aifl @fas pnﬂsadmgroag}t ernating

pul ses of er and air to a_bed of ut. shel.l to set

the bed buhbfir Byt R SenBr o TS Wehsd CaHeho todan 1y set

in a ves $@b thbﬂﬂiemﬁigﬁlame@ﬂi&'&:ﬁ[tn@fm a,aonde@slaesecbwafvﬁ@du BcV@Sdi@ VAL RE id the &

forward flom1 a bed%gepth of 60 inc esﬂ@pgw wal nut, shell nedia was then
t

expanded o FRB AL RYdEH V&) £ perdorgne copengsy bof ihdedermiggthe
conpari s @fﬁcﬁnb}eoﬂlﬁgcde@&asé@ﬂéd%hip%altd the S6HveRRmKILY @t B, ITNE k@it
continuously flowng forward feed for about 5 m nutes. Forward flow feed
was t hen t§ieouletpd gongsniigion yeisey tHae @ffﬁfidcfpléwé%/ﬁ%lﬁtl@qq@e bRtV TR &Gt lHber s hel |

medi a weaged-neitn aglationsa¥RAEAQM L O dn NRI@Afo0he %vbrﬂ%ﬂﬁﬁy RI6&Q 1aBELR a
al ternating gulses or short burst of wastewater and ai'r were added to the

wal nut s heise beteandethe pulgedsenhed dabdledegsetivade&ataon for about 2 mi nutes and

allowed to settle. Water was pul sed through the bed at a flow rate of about
1.5 gal/mn for one second after which air was pul sed through the bed in a
short burst for one second. The bedTgblelto a depth of 53 inches, which is 7
i nches

Time (min) Total Oil in Total Oil in % Change in
Effluent (ppm) | Effluent (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 -23.4
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.



| ess than the original depth resulting in a condensed bed having a reduced
void volunme in the filter nedia. Forward flow feed was then perfornmed on

t he condeweedidysdIzo determ ne the efficiency of the comdensealossdotonpared
to the conventionally set bed. The results of the total outlet oi
concentration verses tinme in feed forward filtration are shown in FIG 7.

Li near regression equations were calculated fromthe data for the
conventionally set bed, |abeled as a_bpose bed, and the pul sed set bed,

| abel ed a set bed. Data Table Il At seen in the tables above, as filter
tine 'ncrease@heﬁh&d@&hﬁ@ﬁm?ﬁkm@ﬁgaM@§ﬂ§k@ﬂhﬁEﬁ&ﬂﬁ&%ﬂﬁ%@%nﬁ%fER%,&e in
renmoving total and free oil fromthe wastewater, by as nmuch as 30 percent

at 800 nippriadeas tins;thin cenyaptipnadly getdsts befare itdhdanisahiaigtruma backweshi ncr eased t he
pul sed set e, HRFRY DAl RO REA Yo %41 aRShe De pul sed
set bed na? @ﬂ%#@?ﬁr%p% {?ﬁ%ﬁgn% i %’F?er§n%gggﬁ&%t g)rﬁn%&ﬁ} a | onger
peri od ofenerated hahlwash omureh iifowdthieynedet CGoawpectiveftieredimayiatsodessitimbtdde to run a
backwash. i ckwash cycl es nmay al so
reduce tﬁ'eg%ltS ﬁjgﬁggﬁﬁmgﬁ%gg%%@é?%bggég%%aéﬁ mg@r the life of the nedia.
Cbnpactlng thHabagﬂma¢wameseﬂmﬂhummmoﬁﬁ&mdﬁmbgn$oﬁhmmxﬁﬂﬁﬂhkﬁmmnbed depth
reduci ng.v. t us ,descri cts of

at | east lsotﬂ eéa%%c %Ylatmg%w{ Emgn \?ﬁ |onS a’nfl lm%roi’emeﬁ%vg ?aéﬁ?'g g?varl ous
al terati dnse skitdiif iieati Goeh al@pdionyyprodifieatmt Sinwihprovesdaisl aye deaded thdet hose

skilled in t rt. Such alteration moadi ficatio venents are
"t ended bbobGisdielosgt A A R e wnh s B R Sndan BOHEM thi v £ e
spirit andcsgaps, 0k fdrb@mgruee@tpn@mandqﬁ@@lﬁags by way beca@pRgmIyNg description
and draw ngs ﬁF by way of exanpl.e nvention is not limted in

its applicatid frwelet}% 1ﬂ%qté3m1t§dHlfltscaﬁﬁé%lafl%totﬁ%d%la o AASERGIARGRHERAL of

conponentfamehtt tbmpdhchtd Set FGH QMBI SIGIHE esREiptIM RillusiratbStnrted ed in the
drawi ngs. The invention is capable of other enmbodinents and of being

practi cedragangst THeimentoay qa@@lol%aftoth% ciphpdiparts ard f beine prcti¢adeor ghbedgeol ogy

and ter mRaLoGY u%é’rfl)ub%f‘s' 'Mso'S t}fe%ra%&ﬁog?r%@%?ﬁm%fog?%%rﬁe%ﬁd RMorand shoul d
not be regarded as mtin The ‘use of "I ncl udi ng;, conpri sing,” or

"havi ng, Pum@%ﬁﬁéﬁﬁﬁﬁgﬁlmwﬁ Wﬁhg“&mﬁﬁ@awhﬁﬁ@glBﬁ@mﬁhéﬂééﬁmh@reln is
meant to“?cgl‘i& %S %rtﬁb‘% Paﬁn? LA4h NEneas g va?rﬁ%&%ér%ﬁh%fé‘ir? Lheneof as

mell as ad i tent e transitional phrases con5|st|ng of and
"consi st ithepcewpasatlicalciny hstfed éne@a&etr@sé dquwyalengsrtheredfos evgll oy adiigtionploteals. phr ases,

respecti Yﬁlll)y the %ﬁsﬂloqlgﬁj%?a%és ¢ cgnsﬂslﬁﬁg 81’ %hErBCOné?th; ?&nﬁﬁfyedfnaretcnged 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:



term"plurality" refers to two or nore itens or conponents What is clained
is:CLAIMS 1. Afilter apparatus conprising: a vessel; a wal nut shell filter
medi a poswoi20nadedon t he vessel ; a feed inlet positionedPCh/ush@owsssel and
above the filter nedia; a draft tube systempositioned in the filter nedia
constructed and arranged to substantially roll the filter nedia; a first
fluid inlet constructed and arranged to deliver a first fluid to the draft
tube system and a filtrate outlet posgitioned below the filter nedia. 2.
The filter apparatus of claim1l, wherein the draft tube system conprises a
draft tube centrally located in thecygpggl formng a peripheral zone
positioned between a side wall of the draft tube and a side wall of the
vessel . 3. Thé Aifilteesrpagpacampdsiegt cl aim 2, wherein the first fluid inlet
conprises a gas ini\ee% o4 The filter apparatus of claim3, further
conprising a second ?u’i d inlet constructed and arranged to deliver a
second fluid to thewvgestishibfiltdr medagosiBoneThetheivesselr appar atus of claim 2,
wherein the gas i j . Al i 1 i .apparatus of claim
4, further conpri gtﬁggd félfeﬁﬁ%%tgblnlg%gltfé%&%geé%rhagabf)lygiﬁafﬁlhtlﬁﬁlg{dslg 7. The filter
appar atus of cl ai na @aft wbesgstam pds@ioptdimahé fijer ofedmecmacted endlarrang@iits ext end
into the peri ral. .zane at .an angl e having a conponent tangential to the
si de wal IS&S\Ean{I)HF refééhsegﬂt.er %‘.edlﬁ‘he filter apparatus of claim7, wherein the
plurality of secondfifd flilidlinlalkceissu@xd @ndirianged té bdivpes fiphttridlo thodaftat an
angl e having a conponent tangential to the side wall of the draft tube.9.
The fil té‘fbegbsﬁ%[?’a?flngs of claim2, further conprising a baffle positioned in
the draft tube. 1G filflibe obildtipesitiaRpaciawule ffer @lediam 9, wherein the baffle
conprises a hollow cylinder having an axis substantially co-axial an axis
of the draft tube. 11. The filter apparatus of claim1l, wherein the draft

t ube system cONPkd SRS agparatus of claim 1, wherein the draft tube system comprises a draft
tube centrally 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 2, 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.



plurality of draft tubes positioned in the vessel form ng a peripheral zone
external to the plurality of draft tubes and internal to the vessel. 12.
The filteawvoappasetas of claiml1ll, wherein the first fl uPdTiUSR@V/05&0R gas
inlet conprising a diffuser positioned in each of the plurality of draft
tubes. 13. The filter apparatus of claim4, further conprising a gas inlet
positioned above the filter nedia. 14. The filter apparatus of claiml1,
wherein the filtrate outlet is constrygted an arranged to renove filtrate
fromthe vessel and to provide a second fluid to the vessel. 15. The filter

appar at us of §J@ﬁ@ﬁﬁxaﬂﬁ%&%ﬂﬂcﬁhﬂ@hﬁﬂﬁx%%mbﬁﬁn%£$£ﬁé S®endd nhd g vessel is
at | east about three tines greater than the vol une o? the draft tube

system 1#®¢. The filter apparatus of claim 15, wherein the volune of the
filter media in the vessel is about four tinmes greater than the vol une of
the draft tube system 17. A systemfor filtering wastewater conprising: a
source of wasi®@vilitediltce epppratusionglami P, veheeris ths pefild sdmpades eldollay pilndal ity of
filter unjft. eac it 1:Si.0q a wal nut shell filter nedia
positiong%%?%m}%@ﬂvggégFﬁyg?géééﬂgﬁ?gfﬁgggﬁ%P%%ed in the vessel above the
filter media and fluidly connected to the source of wastewater;a draft tube

system posi ti in the filter, nedia constructed and arranged to
substant i al |y Fote Tich heiapissPriali & e PL 4 RSP En b RBERSE : Lot ed and
ar r anged ptudaliebf degfic tubed pasBibndd initle viesset foemilg afperiplehezayskemal @nbk a filtrate

outl et position elow the filter nedjia; and a controller in conmunication
with thepﬁﬁﬂﬁyPﬁﬁ@?w%?”ggdWGB#¢?ﬁ5Vﬁﬁﬁ#aIity 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 generat®e Hhe Q@bﬁﬂm@ﬂﬁpggﬁm%?bﬂ’ RPHQ?Eﬁﬁﬁ@ﬁPﬂﬁP%Xg%dﬂﬁbf wast evat er

to the feegdpiidihees difrfiscdp&@eBd indach JSIQh@‘IBIUfaﬁ{y!dﬂdra@tftulﬁésJ ter units. 18. The
syst em of c?a|n117, wherein the controller is configured to generate a

third
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;



control signal, responsive to a first sensor positioned in the first of the
plurality of filter units and configured to detect a predeterm ned pressure
val ue of wbeofoassg92of the plurality of filter units, toPCHtUSRe09530DF ow of
the wastewater to the feed inlet to the first of the plurality of filter
units. 19. The systemof 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_.29Jhe system of claim 19, wherein the
controller is configured to generate a fifth control signal, responsive to

the first sensor, to inifiraf6e %#sf%ﬁh%i_ti%ﬁ‘&i i QN fnbdth Bonséletedui@®t hod of
filtering a contam nated |iquid conprising oil and suspended solids

utilizing thearzyged Qisukstaptialyy il wherfilter media;
a first fluid inlet constructed and arranged to deliver a first fluid to the
draft tube system; 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 liquid comprising oil and suspended solids

utilizing the apparatus of claim 1.



