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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

recirculation. The mechanical backwash methods also utilize backwash fluid to remove any



recircul ati on. The mechani cal backwash nethods al so utilize backwash fluid
to renobve anyoil and suspended solids released fromthe bed, which leads to
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of high velocity backwash |iquid generates a | arge vol une of backwash
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in the bed. A need remains for a conmpact wal nut shell filter nmedia unit
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filter media and the draft tube system in a direction counter a flow of the liquid, and passing a

second fluid through the filter media and the peripheral zone. The method further includes
interrupting flow of the second fluid while continuing to pass the first fluid through the filter
media and the draft tube system, reestablishing flow of the second fluid, removing at least a
portion of the oil and suspended solids from the filter vessel, interrupting flow of the first
fluid and the second fluid, and reestablishing flow of the liquid through the filter vessel.

Another embodiment is directed to a method of backwashing a filter media comprising
passing a feed liquid comprising a contaminant through a filter vessel comprising a walnut
shell filter media, a draft tube, a peripheral zone between a side wall of the draft tube and a
side wall of the vessel to immobilize the contaminant on the media. The method also includes
interrupting flow of the liquid through the vessel, passing a second liquid 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  passing a gas through the walnut shell filter

media in the draft tube for a second period of time to separate at least a portion of the



flow of the liquid through the vessel, and passing a gas through the wal nut
shell filter nmedia in the draft tube for a second period of tine to
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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 1 is a schematic drawing of a filter apparatus according to one or
nore aspects of the invention;- A- FIG 2ais a schematic draw ng show ng
one aspecwoabiwdiesvoper ati on of a filter apparatus; Fl G PRDB/USS00/0ShEMALI C
drawi ng show ng an aspect of the operation of the filter apparatus of 2a;
FIG 2c is a schematic drawi ng show ng 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 noye enbodi nents of the invention; FIG
4 is a schematic drawing showing a filter apparatus according to one or

nore aspects pfg bAR d NGRkic ARwifid Gowmg che alpebll BRI BEraBGN GBIl Side view of
a draft tube base portion according to one or nore aspects of the

i nventi oBPPIANG; 6 is a block diagram showing a filter system according to
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outlet oil concentration verses tine according to one or nore aspects of
the i nvemppaorius d3d: FIG 8 is a flow chart of one enbodi nent of the
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or more aspects of the invention;

FIG. 6 is a block diagram showing a filter system according to one or more aspects of
the invention;

FIG. 7 is a graph showing the total outlet oil concentration verses time according to
one or more aspects of the invention; and

FIG. 8 is a flow chart of one embodiment of the invention.

DETAILED DESCRIPTION

The invention is directed to wastewater treatment systems utilizing a filter media bed.
“Wastewater,” as used herein, defines any wastewater to be treated such as surface water,
ground water, a stream of wastewater from industrial and municipal sources, having
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



desired period of operation before a backwash is initiated. The vessel may
have any bed depth desired based upon the desired volune of wastewater to
be treat adoant/wBh@ofilter media selected for the parti cRCIUSaEOIFT92 i on.
Accordi ngly, the vessel may have any bed depth of filter nedia, such as a
shal | ow bed of about 10 inches up to a deep bed of about 66 inches ornore.
The filter vessel may be constructed of any material suitable for a
particul ar purpose. For exanple, an apen filter vessel may be an open tank
formed of cement. In one enbodinent, a closed filter vessel may be forned
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dividers, such as screens or perforated plates, which retain the filter media in a desired
location within the vessel while allowing wastewater to flow throughout the media in the
vessel.

In some embodiments, the filter apparatus includes a draft tube system. The draft tube
system may be constructed and arranged to intermittently backwash the filter media by
providing a desired volume and/or velocity of backwash fluid to roll the bed. As used herein,
“rolling the bed” is defined as the movement of the filter media during backwash in which the
filter media at or near the second wall of the vessel is partially or completely moved through
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



the draft tube systemtoward the first wall of the vessel and back toward
the second wall of the vessel. The draft tube system nay be sized and
shaped f owoaotasbeed application and vol une of filter mediraAISR@9II087999
backwashed and /or to operate within a preselected tinme period for backwash
operation. The draft tube system may conprise one or nore draft tubes
positioned in the nedia. As used herein, a "draft tube" is a structure
havi ng one or nore sidewalls open at kypth ends which when positioned in the
filter media provides a passagewayfor flow of filter nedia during backwash.
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having a total volume substantially equal to the desired volume. An individual draft tube may
have a cross sectional area of any shape, such as circular, elliptical, square, rectangle, or any
irregular shape. The individual draft tube may have any overall shape, such as conical,
rectangular and cylindrical. In one embodiment, the draft tube is a cylinder. The draft tube
may be positioned in the filter media so as to be entirely enveloped by the filter media as well
as to be entirely filled with the filter media. One or both ends of the draft tube may be
constructed and arranged to assist flow of filter media into and/or out of the draft tube. For
example, the side wall at a first end of the draft tube may include one or more cut outs
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



as to be entirely filled with the filter nedia. One or both ends of the
draft tube may be constructed and arranged to assist flow of filter nedia
i nt o and/Wo0 201036690t he draft tube. For exanple, the si d@CHAISROANOSTY i r St
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t he passageways may have any shape ta-allow a sufficient volunme of filter
nmedia to enter the draft tube. For exanple, cut outs nay be triangular,
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in the draft tube. I n one enbodi ment ' be a so or hol | ow
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The filter media vessel also includes a wastewater feed inlet positioned above the filter
media and a filtrate outlet positioned below the filter media. The vessel also includes a first
inlet for a first fluid constructed and arranged to deliver the first fluid to a first end of the draft
tube to induce during backwash a flow of the filter media within the draft tube from the first
end of the draft tube to the second end of the draft tube while inducing flow of the filter media
along an outside sidewall of the draft tube from the second end of the draft tube to the first
end of the draft tube.
Operation of the draft tube system during backwashing establishes countercurrent
flows within the vessel and causes the filter 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



tube to induce during backwash a flow of the filter nedia within the draft
tube fromthe first end of the draft tube to the second end of the draft
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the draft tube fromthe second end of the draft tube to the first end of
the draft tube. Operation of the draft tube system during backwashi ng
establ i shes countercurrent flows within the vessel and causes the filter
media to nove as exenplarily shown ingilter nmedia apparatus 100 in FIG 1.
The filter nedia 16 noves fromthe first end 12 of the vessel 20 along the
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For exanmtiedirsttfhad foithesdraft kubke dysitamh @tlmlpay flye oétheduterf nedg theougb 2kl degft be a | et
for system. The first fluid inlet may have any configuration suitable for delivering the first fluid
to the draft tube. For example, the first fluid inlet may be an orifice, a nozzle, or a jet for
delivering a gas, liquid, or combination thereof to the draft tube. In one embodiment the first
inlet is a diffuser for delivering the gas to the draft tube.

The filter vessel may also include one or more second inlets to deliver a second fluid
to a peripheral zone. The second inlets may deliver the second fluid at or near the second wall
of the vessel to induce flow or assist in the flow of media towards the first end of the draft
tube. One or more second fluid inlets may be positioned within the vessel to provide
backwash flow to the vessel and direct filter media toward the draft tube system. The second
fluid may be a gas, a liquid, 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



delivering a gas, liquid, or conbination thereof to the draft tube. In one
enbodi nent the first inlet is a diffuser for delivering the gas to the
draft tub®0 201036690t er vessel may al so include one or NMPCE/GSe@OM879N] ets to
deliver a second fluid to a peripheral zone. The second inlets may deliver
the second fluid at or near the second wall of the vessel to induce flow or
assist in the flow of nedia towards the first end of the draft tube. One or
nore second fluid inlets may be positigned within the vessel to provide
backwash flow to the vessel and direct filter nmedia toward the draft tube
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during the bed setting stage. The bed may be allowed to settle by gravity between pulses of
gas.
Intermittent pulsing of the gas may also coincide with or alternate with intermittent
pulsing of liquid through the second fluid inlet. Puling bursts of gas and liquid may disturb
the bed sufficiently to allow the bed to compact thereby reducing void space and overall bed
volume when compared to conventional bed setting techniques. Typically after backwashing,
filter media beds are set by gravity and feed forward flow of wastewater, which may result in
insufficient set of the media and inefficiencies in which the wastewater short circuits or
channels 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
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to conventional bed setting techniques. Typically after backwashing, filter
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filter ppara I ni ow 0 ewater feed to anot her
filter media Aptptherwm]psdlment is shown in FIG 2a. Apparatus 200 comprises a cylindrical

vessel 20 having a side wall 40, a first wall 42, and a second wall 44. A filter media 16 is
contained within a portion of the vessel 20 with media retention plate 30 positioned adjacent
the first end 12 of the vessel and screen 60 positioned adjacent the second end 14 of the
vessel. Media retention plate may have any structure suitable, such as a screen or a perforated
plate to retain the filter media within a portion of the vessel while allowing the feed liquid and
contaminants to pass into and out of the media. Vessel 20 also comprises a first end 12
adjacent the first wall 42, a second end 14 adjacent the second wall 44, and a wastewater feed
inlet 32 adjacent the first end 12 of the vessel 20 and above the filter media 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



based upon the first signal, the second signal, and conbi nations thereof.
Anot her enbodi nent is shown in FIG 2a. Apparatus 200 conprises a

cyl i ndri csbD 20888649020 having a side wall 40, a first walPCTAB2000/087999 second
wall 44. Afilter nmedia 16 is contained within a portion of the vessel 20
with nedia retention plate 30 positioned adjacent the first end 12 of the
vessel and screen 60 positioned adjacent the second end 14 of the vessel.
Media retention plate may have any sthiycture suitable, such as a screen or
a perforated plate to retain the filter nedia within a portion of the
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During filtration, wastewater containing oil and suspended solids is directed to feed
inlet 32, passes through screen 30 and enters the filter media 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 from the
second end 24 of the draft tube to the first end 22 of the draft tube. Filtrate exits the vessel 20
via filtrate exit 38 and may be directed to further treatment or discharged.
To extend the period of time in which filtration occurs between backwashes, the first
fluid may be pulsed to the draft tube via first fluid inlet 34 during the filtration cycle.
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



20. The vessel 20 in FIG 2a includes contam nant outlet 50 for renoving
contam nants such as oil and suspended solids fromthe vessel. Optionally,
t he peri pheralo/esye may conpri se one or nore first fl ui @CIrAISR8/057999
partially roll the bed during filtration and/or to assist in expanding and
rolling the bed during backwash. During filtration, wastewater containing
oil and suspended solids is directed to feed inlet 32, passes through
screen 30 and enters the filter nediaji6 in the bed adjacent the first end
12 of the vessel 20 towards the second end 14 as noted by dashed fl ow
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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.



flowof the filtrate fromthe filtrate outlet are interrupted. Flow of gas
isinitiated through first fluid inlet 34 and diffuser 46 and fl ow of the
wast ewat ewoi2810/a3sa9 at ed t hough second fluid inlet 36. | RCOAS2@06TPNENT
the flow of the second fluid may occur via a filtrate outl et thereby
elimnating 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 enbodinment_the flow of the first and second
fluids begins simultaneously, while in another enbodi ment the flow of the

second fluid pROERSARELAT Be §éc91‘M @Jldhﬂ? cBﬂtfnﬁBusU Mv@'dﬁr&g‘ﬂ&bl&ﬁa@h' zed. Upon
i ntroduction of the first and second he bed of filter nedia

expands dd@matveds thaflaoeftne oebeth efithe ﬁrs@e@ WQﬂdlﬂvlc’cSH@aY\}@s@éﬂff}lQ@t a8 shown by
the flow 7L %rﬂly%hl% t, 'clllrcti‘on@rﬁroug1§;l ﬂ&vﬁhr%@? tﬁehﬁ"at{ fubé @lﬁllé@gt'e@l.s Egﬂgéféﬁfatthé .he first

end 22 ofO t’ t ube noves towar second end Irection
count er ngrlnhheﬂ #arewTb¢ pylecsitfiomamayr baheripdig, lfllthat ﬁlatﬂp@yrregu‘r&rb' dyrles eatwerndi a 16
adj acent t e of the
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conpl et elyt treahd sang ab ke porad ofFinhd 1emhrmé1dhaﬂmmﬂ|owgs tnlnopgh. Férexamplfithe ube

m xes ther asin on t-he i nd Sys ended

i mobi | i gl dlb r}{ar?' f?‘% Fll&éfﬁ (ﬁgé?r%er pEl dtoefrtlm ?hc? 4 eeg(entoﬁﬂpn ‘?ﬁhsol? {lulﬁ ube may
further milox i ﬁnt@ru@tedubl amrembbdnﬁfembmelpedmbﬁltmg: 1ﬁd£ﬂlcﬂ1ltlﬁmfahd @ibwvs &and suspended
solids fr

ter di a. The. oi. uspended solids are drawn from
t he vessél S%tlglyéd%ﬁ?lé‘gﬁﬁﬁﬁ?o% llnlftmg" lgrfffﬁ%) fﬂr.ltepqu‘%edgas is also renoved
fromthe vessgl anafhewérﬁoo@ﬁmna,nhmfa@ﬁﬂmmbgabe b@rhhendly upplidd i dardubhie second

fluid may conti nuouys| flowdur ng rntlvel theflowof one
or both il I?H@SP(?OIHE?I éﬁﬂc%}é‘&%&b‘?ﬁ strllan %@@%ﬁ liqujdrys gayaed

enbodi MeRd the Giltr el Aﬂau@tusﬁeyweﬁh@\@ﬁentﬂﬂfe@ﬁﬁmatfm ﬁigtqfehod bfremdMRial @re¥v@iner 1 s

pul sed into the peripheral zone. pul sed flo be periodic, in that

t he f1 owCPEiltathe flowyad Iﬂl?shql%‘ttmé&h %‘F‘ fvesaﬁ&n% ﬁa*ﬁ hﬂ%wa@@@ oyt val s. The

period Ofwaiﬂuﬂﬁlell'ﬁlt%gd?a f-nhfr‘e éhjafﬂ'tlﬁ)eff&&"!%cdﬁﬁ)f)erl&%f theed siftadg 1L sane as
the period of tinme in whi lowis interrupted. For exanple, the

fluid mapofiopal ﬁl@poraammwgérronbtﬁle §H@rrrtl@na pereidgation of therirst praiedohBmperyod of
t ' me ' n % c1f:+{[% pTri“ r a?ﬂa'l leleJr oﬂﬁ&etgore Ic&‘ﬁgﬂ@l% bg W‘F@ﬁowg e RRE iod of
e a entica

tinme in ovv5|s substanti to the period of
time in ﬂuidahayfbmnf@rrﬁm@imhl@ theflew ol eetond ﬂuléro:onth@ps adisonkamravants atche fir st
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fluid is continuously supp during e ‘second Iqurd is passed
to the finayée rabetalslahechriﬂlelﬂmtwmftﬂhﬁeﬁmﬁlmdmas teh be fritdrtupred vehdle gheffow &f thd r st
period Ofsectolngrﬁuld cor?tln%lesrt% onée agaln 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



counter to the flow of the liquid through the vessel and a first liquid is
passed through the wal nut shell filter nmedia in the draft tube for a second
peri od ofwoi2em/3e698eparate at | east a portion of the comrCartSa@asfOPOM t he
filter media. The duration of the first period of tine may be sufficient to
performa partial roll or one or nore conplete bed rolls. The flow of the
first fluid my be interrupted while the flow of the second fluid continues
and contam nants are renoved. Flow of (filtrate through the filtrate exit
may be interrupted and flow of the first fluid may be reestablished. The
flow of therifel Fndliafilod e U&yeltf(t}@&gegé‘raﬁd?lta@lﬂ"tﬁbﬁtr&grnvi’@éelngrafea%lt&l BWiPhack he
second fluid continues to once again partially or conpletely roll the bed
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vessel f@fayhegQany ﬁxtalilﬁ’cﬂe ﬁﬂﬂaﬂyh@@ht’ie@tsh!tf:lﬂasﬁﬁ&ﬁi&ﬁérﬁéeﬁ(frofﬂ hyldedcaieAli @ back to
t he vessel. Mi ntenance of the conventional recz(y e punps is often

di f i cul Prosiefion o FéweryfagHities dherclyr glisnnatig stedged Br p Sompreseblo supdY degr ound.

Fl ushi ng .gf tottﬁbepuﬁs%%é‘dk‘é‘vaéﬁ sgz%mo'ﬂf{?&e Elgﬁﬁ%ﬁf"l@éﬁm&bﬁ% fpﬁlsécﬁba%mh%ﬁéin may al so
be difficult and may i nclude manual renova lter medi a

Fur t her mbrag utibzq maﬁaﬁd vhawd, it ducaedp splumalof backepsh lighi generateéeycl e punps
reduces sgysf& %’é’e!)&@&se "f’t{éq'lfef’ﬂﬁe@iﬁ Herot e'ﬁlo%@d fir @sepﬁﬁﬁl slwhQpanent s are

¢
internal to the Vessel ey_ma formed Q‘ﬁ ess expe |ve met eri al s,
such as pkmuneé@plpmgm@pmmmys endecend@o thepelitamedia haviag pless uroduleeolcl e system

as are C%ﬂ‘s’t‘?&% tl%ﬁ%lon\%ﬁ%ﬁlégﬁ{t%e | n‘é?a;fﬁ Q@gﬁ)%?@}(a?néol TRBMFE o 1%1{ Al i

conponents na SO re I On COS I'n sonme a I catl ons,
such as oldlls siedmewp Itcaprbmdﬂmpewre:oelescn@taaﬂ Ifittatiom oCwastevatan corg@sv g oil,
signifi C%rolxgvé:%r wafnut shnl(f E‘lﬁers are typically 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



system wei ght. Anot her advantage is that the gas or air used in the pul sed
backwash system nay be readily available in many facilities, such as

pr oduct i oMOgar/d3s@m hydr ocar bon producti on or refinery Pagiuseamm®s799? her eby
elimnating the need for a conpressor to supply the gas to the pul sed
backwash system More significantly, because the pul sed backwash system may
utilize a gas and a liquid, it reduces the volune of backwash |iquid
generated. Furthernore, because the fikter nedia is not renmoved fromthe
vessel during backwash, it's exposure to piping and punps is reduced so

that fil{efcNeeina f(ﬁﬁma@tgulfésl OVRF stFRAM ¥Si0REs FlapSirdtdd J00 AR sGRMYept i onal
filter media may be used. For exanﬁ%e, bl ack and English wal nut shells are
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apparatus 200 $ther th n filter nmedia apparatus conprises four draft tubes
18 posi t CHHEG" WOFPPF@?GN@H?QBT@““@}Iter nedi a apparatus 300 also differs

fromfilter e a@Q&heﬁaﬁdt&awﬁg@ﬂﬁl@ér%d;’a(agpms 05 PilCPMPUihL Bfpafddr first
fluid inlets (not shown) to direct the first fluidto each of the four draft

t ubes. OGS symifay éq filfes mefligapparaes with ﬁlﬁﬁé?eat%thefdbe Hralf tuhe 18 jofpnraratusy
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and backwash cycles in apparatus” 300 are performed in the same manner as

wi t h appagtiusiipomtly darpero astabave thppoteptipler fagk rnvflng otoceyryyighin the deadt nmy be
th 200,
ei t her 'rrgdéaiﬁaa%ta@lﬂn&'ing JHgS \%{é&k%r Sl it ARERYsH tg g‘(:rﬁtlt{%i %%W@G
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positioned within the draft tube 18. Although 4 draft tubes are show, it is understood that any

number and configuration of draft tubes may be used so long as the draft tube system provides

the desired volume of media 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 tube including an outer portion 66 bounded by

the sidewall of the draft tube and the sidewall 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 may be

an annular region surrounding bounded by a cylindrical draft tube and cylindrical baffle.

Filtration and backwash cycles in apparatus 400 are performed in the same 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



zone for nore effective renoval of the oil and suspended solids fromthe
filter media. The elimnation of a central draft tube as showmn in FIG 3,
t hough novonewdss@ny, may all ow for easier and nore ver PATIUSR00MAEPI
distribution. FIG 4 is a schematic drawing of filter nedia apparatus 400.
Filter nedia apparatus 400 is simlar to filter nedia apparatus wth the
exception that the draft tube 18 of apparatus 400 includes a baffle 62. A
baffl e may be advant ageous when a di apgter of the backwash tube is
sufficiently large so as to have the potential for back m xing to occur

wi thin tRg.qiaf buﬁﬁ%ﬁed Rk Hiondios, o h(ilh?cdll‘@a?ﬁlﬁg’\@éngmlﬁ'ﬁl@ fibivd IeuglRfd a
within the draft tu negatively inpact the flow and m xi ng of the
filter médpamedia p%élomchmtthqm@h?rélszam 2 ¢hei qutop srgron\penil ig captral pertipp r st end
of the dgaft tube and reducing the filter nedia rolling efficiency. The
baffl e may be sized and shaped for a particular purpose. FIG 4 shows a
cylindrical bBKfI5es wlmtﬁﬂrsmwtlpmwtqf@mﬁe@nmdtmnmdmleascipmion HQoef 218.
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filter mpgiiavaapparat us 400 may opti onal I y include additional first fluid
inlets and/ or second fluid inlets in the &@Pl pheral zone 26 tQ assi st
rol ling the bBY: Ot Plagk HagRines wastewaierftieptnent yaigmeP0P (compriting diighfiisie

central pQuta BParfifls &%) éﬂ@l lse@8d GG RULIpphask 850 @[@ratﬂ’{ghﬂ fardiRe fildit er medi a
in the peripheral zone flows in a counter currentdirection. During feed

forward fiedppugits @Y, and ﬁéO Ijay QPrEPTEse tvassal hélt@romdamﬁwam@raft dwpotihensdgh t he
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the central portion 64. i's an elevated tic view o
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any of f 'tﬂe s%{lrcggg\}vgste%k }%388%1d’%€gmn %doto arx'iva%{%{vﬁtlgl g S(?g'lemépﬁléeg rn?e]glf tube 518

conprises a plur passage the draft
t ube. 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 cut outs may assist the flow of filter nedia fromthe peripheral zone
(not shown) to the first end 522 and through the draft tube 518. The
passagewaWo 20ey03@0i denti cal to one anot her and regul ar PgTASa@edsBWHOUt t he
second end of the draft tube to provide consistent flow within the draft
tube. The passageways 570 may have any size and shape to allow sufficient
flow of the filter nedia and backwash fluid within the draft tube to
provi de a desired backwash cycle. FIG76 is a block diagram of wastewat er
treatment system 600 conprising a first filter media apparatus 610 and a
second figld©teMREFRs APRALBIY 56 4y PREERLh BYighf RAAkd aﬁﬁhhh&&HHEQ'a units
610 and 620 may conprise a vessel, a filter nedia, and a draft tube
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610 is réﬂning ina filtration cycle, valve 632 is open to supply

wast ewat 8% 0 t he apparatus. Accordingly, valves 636, 646 are closed to

prevent backwasthe §fstehhéf Hd@ds, whithollehes wast Byatpon@ddidnbie figassendods@ect i vel y.
Sinilarly,\%ﬁlve,64 remai ns closed to Prgvent t he gas fronldisgl?cing t he
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cycl e f omcdlalappdratas @m%ﬁﬂngﬁn th@ﬁltrhiicﬁ'fﬁcgﬂé&ﬁayagéﬁ&ﬁt@h@@nﬁlﬁhi&a‘&in@ﬂﬁf @king in
the filtration cycle. il e apparatus 620 is operating in the backwash
cycl e, varsereda pgos|thstalier msdigbed Baftreashed entaddsmined yplup et hiplyit i3 f eed

inlet of vt h&i@NPH %&Mﬁn a ¥ad4RSh 638 mBAS iPIParaRE 816, OTIRIBNHEIR: WRELENat er and
gas to the backwash cycle. Inthe systemof FIG 6, controller 650 may

respond tesPenddivsatratiernae gt @dreppnizolsignels td deficcalvr A andppededlersvidhed
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cause val ves 638, 648 to se an alve 634 to open so at apparatus 620
may oper &y eltarndieelyfpldce pag ¢rdwthoumisl b1Q, OAG 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



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 apmaratusesdbn anot her enbodi nment, the second fl uiPdTAEsgodAsSONNECT ed
to the first and second filtrate outlets to provide the second fluid to the
first apparatus and the second apparatus, thereby elimnating separate
second fluid inlets. In the systemof FIG 6, controller 650 nay al so
respond to signals fromsensors (not_sfown) positioned at any particul ar
location within the system For exanple, a sensor in filter nmedia apparatus

610 oper it4#9n bisit®1f letlre%tsta{% tﬁa/fét@hm Aenef AbBitds He@0Rlin FiRgkREt I ng t hat
the pressure drop across the filter nedia bed has reached a predeterm ned

val ue at apfirates tdeteaying i thpasesserp deoptagropeth HHen racdivaliak iggsheddf t he media in
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bac kwashpmyleuelenln%@h@ohwd)feleécor@s@esr'myass Heonghdeefivefilarrpparesparnid step si gnal s
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Ser et ng tBas Adovoth e SRR S 8BS it v 2 B iee g Py Bt he b
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dlrected hrough, the draft tube to agaih.disturb the bed after which the
bed gravil gﬁdgt@?mtn@éonw cotads oy aogf‘étlf SIRGPHEY PRSHIS IR SigPs <O 2gd 305.

predet er wen@ 08! if @ fer ﬁlbdﬁ@h&%"be&%tﬁﬁ&ent@ﬁol%t ihk floherRRditamiset tled to a
desi red hei ght, at which time the valves 646, 648 naﬁ renaln closed as

forward AE@EHDE i pep 8&irlé the dtepediabasimet bessoutiigionth tofled. d¢ flomintithly pul sed

bed sett kidagq Whiihs @asup@d id K BoMB¥er R rup@RANDAEW oPfic R BEHuiintho the
vessel via valves 636, 638 to assist settling. Pulsing the I'iquid may occur

bet ween dlowa thersecond Muidis pgaimivitiared igystep Hio. §é§e fgpin atdetcaminpfionjegadEpG 8 i s
a flowc E%%tgl 1 &s tH %\Ihret"ﬁt!n' glOPtIHF ﬁ%d‘?ﬁ@s b?énl shﬂﬁlénﬁ%%}feh Of}- the| ‘tQ:d 'ﬁhs%eeg step

801 incl ~passing eed to a ter apparatus. I'trate is
renoved @uﬁﬁbﬁgﬂ}f l@éldd ﬁlwrﬂmr effthd ﬁllS‘aﬁluld)m igferrgpteding@p SOVAF the flﬂt@@@@dﬂ@h@he f eed

liquid, g§.860% Mfg@i&ﬂiy rafled, i ?@%«%&‘ﬁ?e s@cofnd d fa it i térﬁ{pteﬁ :E?té&&dbs i 268.er m ne

if the pressure drop-across ter eac
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



predet erm ned val ue shown in step 802. If the value of the pressure drop
has not reached the predeterm ned value, liquid feed continues to pass

t hrough twe 2biwesseddi | er apparatus as in step 801. If thecCprssayoerdveadi ng
is determ ned to have reached or exceeded a predeterm ned val ue, the flow
of feed liquid to the filter apparatus is interrupted in step 803. In FIG
8, after the flowof the feed liquid is interrupted, a flow of a first
fluid is introduced into a draft tubejyn the vessel per step 804 in a
direction counter to the flow of feed liquid. Aflowof a second fluid is

al so iPt%&ﬁM@QHmh&%ﬁdéh&%ﬁkﬂgﬁﬁﬁhz%QBQAB%htﬁ&ﬁﬂvﬁ ﬁdﬁh&&§b?@x§p§, a
determnation is nade as to whether or not the filter nedia has been

suf fi ci erftchgs andlalhgight oftspeut defecs g plaeddah thewgntpyeof thedelumyo M Hiediffyser &b ti me
period p [ i : 0 it i di a has
been suf??%%gg?fga?%@?%ﬁﬁgﬁﬁ%ngﬂgﬁﬁégﬁ¥he§%?$§§9$fE#gd%EﬁP%¥%%fﬁg?§d in
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810. Onceo thgathashed badé taemded apprarimaslyeafiet abovestheeight bi thasirafidubvhet her or not
the filter negja.ha§tbeen suf ickﬁptk¥ ro#jeﬁ.tlﬁ.th% qu as_peen
sufficiently rofifed THEFIBWOGFARE PV FIE 4" PENYEF WSt 8T i n step
807. | f twhengd backedashmBdilayakiasfiiniehcybesmeasifréd mitenidigeity of thedvalnuhehefld ow of t he
second fluid is interrupted i tep.809. Ste 809- 811 are repeated until
E e et Bk amT HEehBE ST YRbES B berib R 4 & AL REEK EHRT 1 o ent y
r](cjl | ed. g]&ﬂl@ wfefﬁ)aiﬂt@woﬂffisﬁameohrffirl:cil§t'lionfdf lﬂidti(oiﬂ_ilaﬁrirfg&ﬁfbk\ifd’shﬁh?iu]p’éMSi In st elpl 887
after a determnation that the filter nedia_ha en_sufficient rol | ed,
cont ani nAMELtca ket fhahby Rt g @Wiar?éthﬁigﬁleeé?ﬂoaﬁﬁg?%wa YOHnag fEpym gheovalingt ey
renoval @hellcRRt d83 Hanfiantly RRuéddaVitiRhit saberichRaRBkdsh eifkidnsy.1 Nt errupted in
step 813 and the flow of the feed liquid to the filter apparatus is

r eest abl i shedFirhestegty werepondrcted vthethe aboxg apnaratusrip ceEPagvsIHBLUEEd f or war d

filtrati Qwie ratigPasBMter DHRISHENGE vRRr RRE AUNARLRIEInQint HBGS S 3P4, Ot her
enbodi nents of the present invention will be nore fully understood fromthe

fol | owi ndhrevehript daft tubhe bea Gigtingl) the wateecqntineqysle dlowsd o thie peranhersd zans af n

nat ure ang,@pL,ddft s EPRSIER" LY c&g B kT HLR0n4DN G S5 9iﬂ%§ Ttﬁeg)%ri'l{é\‘aﬁ““ on.
EXAMPLE | An experi nment was con % teg effecti

' C to determne the eness of a
pul sed wabwmsrat byath kweatds pulde plesbbutdppRYVdbabowalssceandf b luwaddywiotflowafocttwar pl asti ¢

col um_hayi.ng, % ghATELLL LHARRUS AEpLNGIER.caficd, AELAR clinflioyt 12 Teet. A

draft tube ving a dianeter of a
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 1.

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 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



inches and a height of about 5 feet was placed at the center of the col um.
An air diffuser was attached to an air inlet at the base of the draft tube.
Thr ee no2wbes10fisse9del i veri ng water were equally spaced 2bo0iS2e00851969 1 phery
of the columm. Each nozzle included an el bow to direct water tangentially
in the colum. The colum was filled with 66 inches of black wal nut shells
so that the shell bed extended approximtely 6 feet above the height of the
draft tube. A series of tests were pepforned to neasure the effect of air
and water flow rates during backwash. Backwash efficiency was neasured in

the vel ogpfihudis ﬂo@@ra\@@'of‘}'E}PWhﬁegprM&Ml%'thenQnﬁQf%n{erb@b%k%%&lﬂesﬁﬁaﬁwe draft

tub in the peripheral zone. A portion of the walnut shells were painted for
vi sual conbing ghetwaser ipdreasest the relegityi of ghetyé?éw/alzﬂhls by abaut 3l peresstipdsreduseli cat ed

that thak iP5 9 obdsy WRLEL7 ﬁeﬁ%n AR A B AR N0l HEPoA4 O L he

wal nut shel ' ter was 'significant out sacrificing backwash
effici en@,PMWhrlwi@ducn@thssam\@lwnﬁbmmswth t he above apparatus to

compar e cont | HausL Y b0 OARKIARDIRL Bl QuASl RO hOERUher bl | ¢

mai nt ai ni ng a const ant air I'na first
test, theheimtlorashoyld mawhsslbqrfohh@i/\imd shorten ptiinel qheimepgracate lzsobackstaslg or at e of

about 3 GPM arat | est water W \Was d iinto the
peri pher 41°°%3) natloéltOf&n @h n%aulp%n hlS a%a S[&fas S5 attedéﬁaélgﬁﬁucfggg%&&? Shl second
f ol | owed mwdrganérhte\m)BOrgalarbl@ufwaxesm@aﬂdretfbotacflﬂltenr@ at @wgarlio f | ow of 3 GPM

In a second test ter continuously f dinto the er eral zone at
L o o Ot TR o SRR b e DG M i S RIS St Z0g

i nto thefpgeiigptueéral 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 I As can be seen,

pul si ng tEHxesmeter | ncreased the velocity of the wal nut shells by about 12
percent and reduces the time to roll the bed by about 11 ercent when

conpared to tAdeHNes FRRduEed o dgfernpine die sffectiveymns ofharlevashisaadlegly velet same
vol une Ofshé?ﬁﬂke\“’ﬁ%g éhlﬁblle@'fdfﬁ’tubé%% §ddﬂ91rlfscl;heto‘ﬁ@¥n%l‘e dri¥efuBasgd ﬁrE'thsY%l ocity of

t he wal nut shells by about 1 percent and reduces the time to roll the bed
by about Visrelﬁlémé Atdiagtsten O%fﬁptahﬂé@n@ eentrally lostied drat tbehpgog p dirmstepel 12 GPM

whi l e pr (ﬂﬁ'ﬂg‘é\g& f%} aR @R p%ﬁlo %?tlﬁfwa%? gﬁ’éﬁ§ Fremﬁlﬁ% fBﬁﬁéﬂtﬁ%aﬂoﬂQh& ate that

pul sing the water ur I ng "backwash 1s nore efficient so he backwash
cycl e mayildewsevefapayidngdnt aarive fqcations ér fhodesof! te phrerve deermaevatment dddly backwash,
or walnut shells. In a second test, a vessel having a diameter of 4 feet included 4 draft tubes
cach 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



a conbi nation of both. Based upon this data, it was estimated that the

pul sed backwash woul d generate 20-30 gallons of water per square foot of
filteringvanew/seivpared to generating about 160 gal | ons POfi/Gs2000/051989 squar e
foot of filtering area with continuously flowi ng water. EXAMPLE |1 A test
was conducted to determ ne the effectiveness of backwashing a bl ack wal nut
shell filter having nultiple draft tubes in conparison to a single draft
tube. In a first test, a vessel havingja diameter of 4 feet had one
centrally located draft tube having a dianeter of 12 inches was fabricated.

A por ti oReRfinlthed iRt HiteShEdilS e WBI g oRRE R BSeriOBackWaMleridigal | ORuyAnd W ndows
were positioned at various |ocations in the vessel to observe the novenent

of the wagshlit ofdhrenilos test aeniirmaed dlos ghetdeadt tubawitk 8 bafifle peovided adequpta heakepsiof 4

f eet inc%gQ&Q fl 1L @dikmbBRspach having a di ameter of 6 inches was
fabricat ed. f%e 47draft tubes were equally spaced throughout the vessel.

Backwash wat er volunme and gas volune were identical for both tests. Visual
results ﬁi@%ﬁ?ﬁf that the nmultiple draft tube design was at | east as
effective at rolling the bed as the single draft tube design, and in sone

i nst ances wasAeawsewanumduaéd teclticnnaine e teffouivelmss ofglchoaring abyrnatimg ppled éfcul ar
theory, the presence of |tiple draft tube r.e.unifor distributes the
e et ¢ Mg PRECEIER Ot pEbY BBk Sl Eeng e SR ek et Ber easi ng
t ur bul end@alinn shdilenedixivirgoaedntibnatlgnet ih avesseirhaviag b dicwee of Ensiek bpf t he oi

and suspended solids fr the filter nmedia 11 A pilot . test was
Conducr o B LR HERE et Pt {alent 3F oDeRbasH i LR ot

shel | | fLhﬁe@rexﬂ)h’rm%c_ﬂglriagﬂ&fﬁa]{ﬂa&‘l‘r@?ﬂcﬂé t@&&ﬂ%g!hﬂof%@ﬁ@%ih Hdﬂganga‘l\isf)ﬂ,gﬁeej’edSEd} a
vessel having a dianete feet was fitte t) raft tube made froma
12 inch éi‘iaéﬁ%’tVéli‘“%‘?]&’eS:et heck 0 £ el d?OPtPB‘H%‘gY dovie foryaierdkir Hhope> and
central | yihQ&at&hatdfidw Redival theh plforméd Raficaldrd HRWENSIRY bdb 8Ed ed in the
filter medial vessel in order to observe backwash efficiency. Visual

resul ts of th&hovplayt shekmedipips hapepimhapandse o beight of peingles Rftey gl | e

provi ded ,RA84AHBLEIRATKNAE Bt QAF whltbwterd dhd bR WK AiaMBYES wlRRSE mEAMPLE 1V A
test was conducted to determ ne the effectiveness of delivering alternating

pul ses of revesse &gdderectign dorgbputiZoniguigeendaflopdoleciilal Mpter e prlsqdethiiongh o set
the bed afdiRh .8 AAENASILEXG! Fgal/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 11
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
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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,”

“comprising,” or “having,

29 &c

29 <

containing,

involving,”

and variations thercof 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:



Accordi ngly, the foregoing description and drawi ngs are by way of exanple
only. This invention is not [imted in its application to the details of
const r uctworoawmdeddne arrangenment of conponents set fort RCITAISRODE/OETIPY oW ng
description or illustrated in the drawings. The invention is capabl e of

ot her enbodi nents and of being practiced or of being carried out in various
ways. Al so, the phraseol ogy and term nol ogy used herein is for the purpose
of description and should not be regapgled as limting. The use of
"including,” "conprising,” or "having," "containing," "involving," and
variations thereof herein, is meantcfgpggconpass the itens |isted
thereafter and eqU|vaIents thereof as well as additional itens. Only the
transitional phfidesizodof isting qongmafantrfebnt ¢ basd eenmigingssential |y of are

cl osed or sem -cl gﬂd& gqﬁ&hbg&’lmﬁgiafﬁﬁdS&ﬁ%R% @ﬁgly, with respect to

the clains. As us t he ural i ers to two or nore
i tems or conponentmssiMgiée llqlsd diralgtlt@diliesvefS&%Ith»Bﬁller vesseleompsing whlnht er i ng

cont am N LT A AL ShOTREALAS PEALYl vl hlaGRIRL T o1 ng an of|

and susp urd ter vessel t he
filter veﬁﬁnmmmmMWawﬂhgﬂmmwmﬂ shell nedia, a draft tube systen1 a
peri pheral zone betwee raft. tube system and a side

d
wal | of the vessellnte q“ﬁ#ﬁﬁ?ﬁdywqméﬁl%%€H§VF¥8G|d t hrough t he vesse
passing a first fImwﬂhgﬁﬁ@u@Mdﬂh@gmnhﬂﬂmrHEdmanmﬂﬂ(ﬁﬁkﬂﬁbﬁ@%ﬁhﬂbe systen1in

a direction count e liquid; passing a second fluid through
t he f|ItgF“ﬁﬁafgngﬁ&%Pﬂégm%ﬁ' ngal zone; interrupting flow of the second

fluid while conti %m@d@c@ﬁﬁmld Meovigh gt filfel hhe@ia bid @U@Erighbal fdnkt er nedi a and
the draft tube system reestabl in f the second renmovi ng at
| east a portion of MCHBPHIE Oé{"n%ftgwﬁ%’%d{%khdo WG PatTHREEOPRSS t gﬁi #Fbﬁlm@essel

I nt er r uptirBgshfthOMit@imeih@nf ieShaff fubé &sRAL the second fluid; and
reestablishing flow of the liquid through the filter vessel . 2. The nethod

of claim1, wher e.rﬁ%&&w%ﬂ%@fﬁl?ﬁ@né ¥ifd through the filter nedia

removing at least a portion of the oil and suspended solids from the filter
vessel;

interrupting flow of the first fluid and the second fluid; and

reestablishing flow of the liquid through the filter vessel.

2. The method of claim 1, wherein passing the first fluid through the filter media

comprising passing a gas through the filter media.

3. The method of claim 2, wherein passing the second fluid through the filter media

comprises passing a second liquid through the filter media.

4 The method of claim 3, wherein passing the second fluid through the filter media

comprises passing the liquid comprising the at least one contaminant.

5. The method of claim 1, wherein providing the liquid comprises providing a liquid

comprising oil and suspended solids.

6. The method of claim 1, wherein passing the first fluid through the filter media and

the draft tube system comprises passing the first fluid for a first period of time, and wherein



conprising passing a gas through the filter nmedia. 3. The nethod of claim
2, wherein passing the second fluid through the filter nedia conprises
passi hg aweeowmdedonqui d t hrough the filter nmedia. 4 ThePgEfuse@I®579%9 ai m 3,
wherei n passing the second fluid through the filter nedia conprises passing
the liquid conprising the at |east one contam nant. 5. The nethod of claim
1, wherein providing the liquid conprises providing a |iquid conprising oi
and suspended solids. 6. The nmethod obgclaim1, wherein passing the first
fluid through the filter nmedia and the draft tube system conprises passing

the firstadln %'ﬂ% sfeQJndeﬂuid ﬂh?otuélpﬁfe'f@lgr 19ng£ hiffthe ﬁeé}i%hmgoﬁb BRASRE Sstile second

fluid throug | ter ia and ﬁerl ral zone conprises passing

t he secof$ SP‘FQ!ilFldlufd(fpr %156§@&ﬁmoééf1il@ﬁleéﬁt v} the firsepyiodipdimehe first period of
time. 7. The nmethod of claim1, wherein passing the first fluid through the
filter nmedia and the draft tube system conprises passing the first fluid
for a first pérTednghod efrekimdndhekiameismepbsBisnipid Heoupb dlonfeter ngilid andr ough

the filtgf LuBe %Qm} &ghpﬁ’%s dﬂgegg]{g%e RPfuif E&Brﬂ&go%n&f"éﬁln%g @J‘x@heﬁéﬁond fluid

for a secon peri e fir erio
met hod ofpadsmgklwmbrmrdgluai thidugle the el mechmmrpithspelg)hetpbzme pgniste@dsing qui d

conpr|S| t am nant a fi Ler,vess ing a wal nut shel
11 er it Se S R PR Rl Va0 Bt ot iR By RETR LBt a1 of the

draft tube and a side wall of the vessel to imobilize the contam nant on
the media; ingerru flow of t liquid through the vessel; passing a
Rt il

second |iquid®to "} pekpvayhinga BEPBPENBS wal nut shel | filter nedia
for a first periothagfindd feed liquid@cahprltigia@on@mifahethrough 4 ARerfde@ of the liquid
t hrough the vessel; pa as through the wal nut shell filt nedla in
the draf COPRIBE aowalau@ﬁ%ﬁge wﬁ}aoﬂdraﬁ ﬂiﬁenaepetr@h%rélngfl%%wa%na%%ﬁswﬁ Pfporti on
of the cemntdim ABOhnd d QM8 WhEoffthd $c@icl fRIFINRDLIlIZE HRICOMBAINAS dnl tRMnedia;t he gas,
renoving the at |east one contam nant fromthe filter vessel; |nterrupt|ng

flow of the second™eHRfing; C@Hﬁ*@é@%%ﬁ@ﬂwshﬂﬁde$Pbm1of the feed Iiquid

through the filter a‘s’s@@@éecorﬁl llqﬁnﬁo RRIARHvQbel Gh@intd tﬁ@ whhGl Sk iRASRddNY t he
second liquid to the filter vessel conprises provid pul si ng fl ow of

t he secodel dfirgfedod ¢f tinpgainfajdineetfongeder)to the flow of the 11qu1d %rough the vessel;
passing a gas 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;
interrupting flow of the gas;
removing the at least one contaminant from the filter vessel;
interrupting flow of the second liquid; and

reestablishing flow of the feed liquid through the filter vessel.

9. The method of claim 8, wherein passing the second liquid to the filter vessel

comprises providing a pulsing flow of the second liquid to the filter vessel.

10. The method of claim 9, wherein the liquid comprising a contaminant is

wastewater comprising oil and suspended solids.

11. The method of claim 9, wherein passing a gas through the walnut shell filter

media for the second period of time is less than the first period of time.



10. The method of claim9, wherein the liquid conprising a contam nant is
wast ewat er conprising oil and suspended solids. 11. The nmethod of claim?9,
wher ei n psie2Y3e69gas t hrough the wal nut shell filter medirasseaw/ 051989 second
period of time is less than the first period of tinme.12. A method of
filtering contam nants froma feed liquid conprising oil and suspended
solids conprising: passing the feed liquid through a wal nut shell filter
media positioned in a filter vessel; _and intermttently passing a backwash
fluid into the wal nut shell filter media while passing the |iquid through

the wal nut shej | Afickdoof ARGHR codt3minhhE 0Bl IR RfuiféRhhsihg oilwhgr ei n the

fluid is a gas. 14. The nethod of claim 13, wherein passing feed liquid
t hrough swecidel selids yespiétingonpri ses the feed liquid through a draft tube

system and a peri gﬂ@s{,\ﬁé théﬁa@@h ﬁ'tﬁrb %qv%'ft}ftghﬂ ﬁlt@?meglhtpg{m%%ﬁ%éﬁ 61‘5 The

met hod of claim1l erein i ern1 ent passing t as throug
wal nut sheds¢l; mwlter medi a conprises pulsing the air through t he malnut

shel | filter medigf %m@ntgfp%%? £ @eﬁ@%b%{d ﬁ% etgé W%%‘Eﬁaelﬂﬁher%l Hf‘at\{r\ﬁer redi a

setting a filter bed passi ng over a

bed p05|pwmmgwmhqmnﬁud@bﬁww&kmeﬂwﬁdmmrm@hmg the nedia, a draft tube system
positioned in the filter nedia, a peripheral zone between a side wall of
the draft tube systemand a side wall of the vessel; interrupting flow of

t he feed |iquill;Thrasshaigpfalagad2 iteatigthetfloel idngid tube systemin a direction
counter to passing the feed liquid over the filter nmedia; interrupting flow
of the gas; allowing the filter nedia to settle; and alternating between

the steps of D@ﬂeﬁ@etﬁcﬁﬁof@&ﬁnﬂﬂrmﬂﬁ)aﬁ@mgi'fe’éﬂﬂmﬁﬁﬂﬁo@&h@ﬁﬂt@ﬂ%sw | owi ng the
filter nedia.to_ s ttle fo rm ned nunber of cycles. to set. the bed.
17. The (RTHGES BF %qdéﬁqmdf%mum&éﬁe w%ség%ﬁinﬁaldtwr@%a ZRRORRTHIOPFHEVERAS t  t ube
conpri seshe¥aksidiglt he gas for a first predeterm ned period of tinel8. The
met hod of claim 17, further conprising passing a second fluid through the

15. The method of claim 13, wherein intermittently passing the gas through the
walnut shell filter media comprises pulsing the air through the walnut shell filter media for a

predetermined period of time.

16. A method of setting a filter bed comprising:
passing a feed liquid over a filter media bed positioned in a filter vessel
comprising the media, a draft tube system positioned in the filter media, a peripheral zone
between a side wall of the draft tube system and a side wall of the vessel;
interrupting flow of the feed liquid;
passing a gas through the draft tube system in a direction counter to passing the
feed liquid over the filter media;
interrupting flow of the gas;
allowing the filter media to settle; and
alternating between the steps of passing the gas through the draft tube system and

allowing the filter media to settle for a predetermined number of cycles to set the bed.

17. The method of claim 16, wherein passing the gas through the draft tube comprises

passing the gas for a first predetermined period of time



filter nmedia in the peripheral zone in a direction counter to passing the
feed liquid.. 19. The nethod of claim 18, wherein passing the second fluid
conpri seswpaswiaigedbhe second fluid for a second predet ePRirASAPAsTION Of
time. 20. The method of claim 18, further conprising passing the second
fluid through the peripheral zone while passing the gas through the draft
tube system 21. The nethod of claim 18, further conprising passing the
second fluid through the peripheral zogpe after interrupting flow of the
gas. 22. The nethod of claim 19, wherein the first predeterm ned period of

time is substantirlhandd\§ g7 afirhbeosPRANE pRLRES &L NG 1REhAR. Of ti ne.
23. The nethod of claim 19, wherein the flrs? predeterm ned period of tine

i s | ess fifanmehieingbepaiphgiplegat Bradieidonsoppteido phssiugrike feodiliquithe net hod of
claim19, wherein the first predetermined period of tinme is greater than

t he second predeterm ned period of tine.
19. The method of claim 18, wherein passing the second fluid comprises passing the

second fluid for a second predetermined period of time.

20. The method of claim 18, further comprising passing the second fluid through the
peripheral zone while passing the gas through the draft tube system.

21. The method of claim 18, further comprising passing the second fluid through the

peripheral zone after interrupting flow of the gas.

22. The method of claim 19, wherein the first predetermined period of time is

substantially the same as the second predetermined period of time.

23. The method of claim 19, wherein the first predetermined period of time is less

than the second predetermined period of time.

24. The method of claim 19, wherein the first predetermined period of time is greater

than the second predetermined period of time.



