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SYSTEM AND METHOD FOR ENHANCING A WASTEWATER TREATMENT
PROCESS

RELATED APPLICATIONS
This application claims priority to U.S. Application Serial No. 12/584,545 filed
September 8, under 35 U.S.C. §§119, 120, 363, 365 and 37 C.F.R. §1.55 and 1.78,

incorporated by reference herein.

FIELD OF THE INVENTION
This invention relates to a system and method for enhancing a wastewater

treatment process.

BACKGROUND OF THE INVENTION

Municipal and industrial wastewater treatment facilities often include primary,
secondary and tertiary processes to treat wastewater to remove contaminants, such as
suspended solids, biodegradable organics, phosphorus, nitrogen, microbiological
contaminants, and the like, to provide a clean effluent. The clean effluent is typically
subject to strict local, state and federal regulations.

The primary treatment processes often includes screens, grit chambers and/or
primary clarifiers to remove large solids and other suspended matter to provide a primary

effluent. Activated sludge is one type of secondary process which utilizes a biological



Muni ci pal and industrial wastewater treatnent facilities often include
primary, secondary and tertiary processes to treat wastewater to renobve
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processes that utilize activated sludge as a secondary process. The crucial
sol i ds sep#nuiremnens peprogessehy piditiensl tegtiary trgatEnent piecesses. b awiqrityabthe n t he
secondary clarifier is therefore typically the rate limting process which
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by a return activated sludge subsystem. The remaining, excess sludge is wasted from the

system to control the concentration of mixed liquor suspended solids.

However, separation of the biological flocs from the mixed liquor in the

secondary clarifier is difficult because the biological flocs are only marginally heavier

than water, and therefore settle slowly. As a result, the secondary clarifier of a typical

activated sludge process is often the bottleneck in most wastewater treatment processes

that utilize activated sludge as a secondary process. The crucial solids separation step of

the biological flocs from the mixed liquor in the secondary clarifier is therefore typically

the rate limiting process which is governed by a variety of factors, most notably the

specific gravity, or density, of the biological flocs.



3 Mor eover, solids separation in the secondary clarifier in a typical
activated sludge processes may be unreliable due to the many types of
settling woablienss3oshat are caused by inter alia: overgr@arhisediofniisanent ous
or gani sms, viscous bul ki ng caused by the overgrowm h of either zoogl eal
organi snms or exocel lul ar pol ysaccharide material, pin floc, straggler floc,
excessi ve solids |oading on the secondary clarifiers, excessive secondary
clarifier surface overflow rate, and the |iKke. Sequenci ng bat ch
reactor (SBR) systens nmay also be used t9 treat wastewater. A typica
conventional SBR systemincludes one or nore sequencing batch reactors
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are only marginally heavier than water. The solids separation in the
settling phaeealia esgowtyf filapprtouyergasmpaiseansbulking sawsed batthe | ng

probl ens di scussed above. This can result in reduced treatnent capacity
and/ or conprengievet of titler zoeglea] waganisms or exocellafpo pblysaceharidednattrialy piatfloag

wast ewat er, such as wastewater from breweries, pharnmaceutical plants, food
pr ocessi ng sirhgutérSlocped cpssivethofidp Riading@inlthé seesndaey tlarifibrs pexeedisivel secondary
facilities, and the like, is to use an anaerobic treatnment reactor. The

anaer obi ¢ {[@dHePRHack 83&HIBW ralcC@idEhe fiRe.anaer obi ¢ environnent whi ch contai ns
a popul ati on of m croorgani sns that ingest contam nants in the influent
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wastewater is typica near the bottom ot the anaerobic treatnent
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waste therel’n.” I'n operatl on, “Wast ewat er

anaerobic treatnment 4 reactor. flows upward t.hrough the anaerobic s|udge
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i nfluent wastewater is too fast, the_ anaerobic slud bl anket. can expand
and become WistM@Les to farm hielogical flees apg rept thg wadewtgk gﬁwew&%g isms in

the treated effluent which may conprom se the quality of the treated
ef fl uent. settling phase of a typical conventional SBR system, the biological flocs settle slowly

because they are only marginally heavier than water. The solids separation in the settling
phase is also unreliable due to the many types of settling problems discussed above. This
can result in reducgd treatment capacity and/or compromised effective quality.

Another method of treating wastewater, such as wastewater from breweries,

. pharmaceutical plants, food processing plants, pulp and paper facilities, ethanol
production facilities, and the like, is to use an anaerobic treatment reactor. The anaerobic
treatment reactor creates an anaerobic environment which contains a population of
microorganisms that ingest contaminants in the influent wastewater to form biological
flocs and treat the wastewater. The wastewater is typically fed near the bottom of the
anaerobic treatment reactor and into a sludge blanket where the microorganisms consume

the waste therein. In operation, wastewater fed into the bottom of the anaerobic treatment



SUMVARY OF THE | NVENTI ON This invention features a systemfor

enhanci ng an activated sl udge process including at |east one biol ogical

react or. woweilgistdoag agent i npregnation subsystemis compliras2aio/oviies

bi ol ogi cal reactor for m xi ng biological flocs and weighting agent to

i npregnate the weighting agent into the biological flocs to form wei ghted

bi ol ogi cal flocs. A weighting agent recovery subsystemis configured to

recover the weighting agent fromthe wei ghted biological flocs and

reintroduce the recovered wei ghting agenf to the weighting agent

i npregnation subsystem I n one enbodi ment, the weighting agent

recovery subsys I separ at or Lng the
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may include a shear mll_. The separator subsyste i hcl ude .a centri fugal

separator. The Loy e (58 sEE BRinthss FRSRc I et BEanisralip Sidet | The

separator subsystem may include a shear ml| and a wet drum nmagnetic

separ at or . bippketsap sxpand and herogag dffusay he restili raybemexFessiless ofind a

centrifugal separator. The separator subsystem nay include an ultrasonic

separ at or amefoargaaismd inythe iiggied efftuent which gy, compeomisp shequatitysefshy treated may

i nclude an ultrasonic separator and a centrifugal 5 separator. The shear

mll may iefflede rotor and a stator, wherein the rotor and/or the stator

include slots sized as to optim ze separation of weighting agent fromthe

wei ght ed bi ol ogi cal flocs. The wei ghting agent inpregnation subsystem may

i ncl ude a wei ghting agent storage tank and at | east one |line. The wei ghting

agent inpregnati on subsyst enyRIMARS! OferifE EVERtIIO8 agent feeder subsystem

configured to control the delivery rate of the weighting agent fromthe

wei ghting agent storage tank to the weighting agent inpregnation tank. The

wei ghti ng agent . knhcl . I e ubsystem
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medi a to r&gtRled © the hio gi%ﬁreaﬁtoaﬁa migmeaeloeispl Hacs apdvGHEHAG 28RIE MR to the
wei ghting agent inpregnation tank. The weighting agent inpregnation
subsyst em #iBEpregmte theave ghtingngerfriato the biolegicah Aacsio fpa sieighird hielesical The

wei ghting agent inpregnation subsystem may include a venturi m xer/eductor.
The maj ori tlpcoHf Atweeghtimg ghent mecoagermubspaiennmconfigped td reteves theewdighteng han
about 100 gm The mpjority of the weighting agent may have a particle size
| ess t han apentifroaOthg weighted bivlogical floafant heinwedgh thangcagesd weaghtinpapena
particle size |less than about 20 gm The wei ghting agent may i ncl ude

magnetite. tJie vidligltdgiagadt imPrghion@psysiph.ude at | east one aeration tank
and/ or one or nore sequencing batch reactors for receiving a fl ow of
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m croorgani sns to pronote growh of biological flocs in a xed |iquor
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flocs. The separator subsystem may include a shear mill. The separator subsystem may
include a centrifugal separator. The separator subsystem may include an ultrasonic
separator. The separator subsystem may include a shear mill and a wet drum magnetic

- separator. The separator subsystem may include a shear mill and a centrifugal separator.
The separator subsystem may include an ultrasonic separator and a wet drum magnetic

separator. The separator subsystem may include an ultrasonic separator and a centrifugal



one anaerobic treatnent reactor. The system may include a floccul ant

i njection subsystemconfigured to introduce a flocculant to the m xed

| i quor towerhamsesosett!|ing and thickening of wei ghted bipalrase@aloofshdcs and
to provi de aggl oneration of non-inpregnated biol ogical flocs and/or
partially inpregnated biological flocs wth weighted biological flocs. The
system may include at |east one clarifier configured to collecting the

wei ght ed bi ol ogical flocs fromthe m xed |iquor and configured to provide a
secondary effluent and a settled sludge.5 The system may include a return
activated sl udge subsystem configured to recycle the mgjority of settled

sludge to the biolQqgical r.eactor dior ta the weighti L pregnat i on
subsystem Seﬁ%al%%rys]ﬁ%r'?ﬁ%)}m dar %Bﬁlél?ﬁ?%fﬂqﬁr e%aa i}étgli’ W&greé%ﬂjgﬁg{g)gﬁ?‘g%ﬁ#gur ed to
waste remainin eftled sludge of. the wei ghti .agent recopvery subsystemto
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capacity of the system may be increased by increasing the concentration of
m xed |i quéiolegiead dege dTheoVeightingagepeingiregnatipie subsysemmagy ipgluded weigh§ng he
anount of the settled sludge wasted by the wasting subsystem The anount of
settl ed sl agen sieeagedahkoandtah tecaslaicilimg. Jhb sieighting aggnt repregohtmadubsysiencr ease
the concentration of m xed |iquor suspended solids for enhancing

ni trificat ney indludsararightingagdne feedaratbsystuoconfiphsedno tonttol cled dediveryaytelad
enhanced by increasing the amount of dissolved oxygen introduced into the
bi ol ogi cal tKeaagiRiing At PbBIRWEightifEALOSoMABY tanRGb Hdevahtipagenone anoxic
zone configured to renove nitrogen fromthe m xed |iquor. The biol ogical
react or Maypb AR i | ARSei B 2Bk sERYRemANLY BULAL a bhReRITRY €
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secondary effluent nmay have a total suspended solids concentration |ess

t han about s@Eplygf eompregseduair dothemgrangaradia togeayatsdividizationapd delivern of the

| ocat ed downstream fromthe biological reactor and before the secondary
clarifier. weightingBgéry td theewdtiglymgagent ifnpaeanaten @nky Theweightingageahci ng an
activated sludge process including at | east one biological reactor. A

wei ghti ng agpregnatigorsabs&tenomag izhydetaaimpoagnhtéch thnk binkatlieast agl mader.r Elaect or
for m xing biological flocs and wei ghting agent having particle size |ess
t han about %@@t'@@a@&tﬁﬁiﬁf@ﬁﬂﬁi@@@@wﬁehﬁpliﬂdngie%wﬁturi mberdetd amegi cal
flocs to formweli ghted biological flocs. A weighting agent recovery

subsystem in§a[j&?t9foif eHe P&l ghithgr %@Ht_vrﬁﬁy hdve i)t §i2013980A absiRTOD g, Vg ht ed
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weighting agent may include rhagnetite. The biological reactor méy include at least one
aeration tank and/or one or more sequencing batch reactors for receiving a flow of
wastewater and for introducing dissolved oxygen to a population of microorganisms to

promote growth of biological flocs in a mixed liquor defined by a concentration of mixed

liquor suspended solids. The at least one biological reactor may be configured as at least



This invention also features a nethod for enhancing a wastewater treatnent
process, the nethod including: a) receiving influent wastewater in at | east
one bi ol oypeal/mBemwst or, b) form ng biological flocs in rheuscabogidenl
reactor, c) inpregnating weighting agent into the biological flocs to form
wei ght ed bi ol ogi cal flocs, and d) recovering 8 weighting agent fromthe

wei ght ed biological flocs to reintroduce the weighting agent to step c).

I n one enbodi nent, the nmethod may include the step of separating the

wei ghting agent fromthe weighted biol ogical flocs. The method may include
the step of collecting the weighting agent and recycling the weighting

agent to step c). .The t hod i.ncl ude the. st f providi wei ghti ng
agent in V\/r?lngﬁn%e @'%ﬁf%%le?ve c?gl)r/h e\ﬁ@fg{ﬁlﬁ'trfl?‘ygmglélggf‘%ﬁﬁ ul%f“b’éi?&%&’l e size less
t han about 100 gm The method may ipclude the step of providing weighting
agent in MPMS‘FWO&E}%HgngIHSPdP‘FFea ﬁ%ﬁcaﬂm Wg}ﬁ%@é’ffp liger 1o g9RARGECFRIRG 7e | ess
t han about 40 gm The nethod may include the step of providing weighting
agent i n wané Huekeaingegf areighpedobiologicalv@oestant heyprayidetagglomesatiparafinene si ze | ess
t han about 20 gm The nmethod may include the step of introducing dissolved
oxygen to ampmguted biotogidal fibcy /g aitebly impregnaad belagiclMlbcolith welightrdc al
flocs in a mxed |iquor defined by a concentration of m xed |iquor
suspended %idlogical flbbe Tk H@tknimyy inchidear ldastaing dRarifiee caifRfurdditoicbllécdidgci ng a
flocculant to the m xed |liquor to enhance settling and thickening of the

wei ght ed bitgd Qeiighl bidl§58al FEs FremAht alkddSiiyud shdPEBRTiBhicano ?fovﬁum; i mpr egnat ed
bi ol ogi cal flocs and/or partially inpregnated biological flocs wth the

wei ohted bisolAghealnidPaRt a setied IR, SHRIEGLm ANARENADA rdhMEKETated N O her

eLrboldijrrents, nle_e ~not achieve a se objectives and tfe chal s herﬁof
obj ect i ves. i BbshiRp b b e e T S RO B SR BRIt ey

obj ect s, T 62l %aaAM A WHIATE mprephath Subsyster. "iesyStoin may furthet thende!

a wasting subsystem configured to waste remaining settled sludge of the weighting agent
recovery subsystem to control the population of the microorganisms in the mixed liquor.
The capacity of the system may be increased by increasing the concentration of mixed
liquor suspended solids in the biological reactor by reducing the amount of the settled
sludge wasted by the wasting subsystem. The amount of settled sludge wasted by the
wasting subsystem may be reduced to increase the concentration of mixed liquor
suspended solids for enhancing nitrification of ammonia in the mixed liquor. The
nitrification may be enhanced by increasing the amount of dissolved oxygen introduced
into the biological reactor. The biological reactor may include at least one anoxic zone
configured to remove nitrogen from the mixed liquor. The biological reactor may include
at least one anaerobic zone configured to remove phosphorus from the settled sludge.
The system may further include a coagulant addition subsystem for adding coagulant to

remove phosphorus by precipitation and/or coagulation. The coagulant addition



the follow ng description of a preferred enbodi nent and the acconpanyi ng

drawi ngs, in which: Fig. 1 is a three-dinensional view of one

enbodi mrenwoabi1ttdzesosyst em f or enhanci ng a wast ewat er tr eaCwarstoipnoniess of
this invention; Fig. 2 is a schematic side view showing in further
detail one enbodi nent of the weighting agent feeder subsystem shown in Fig.
1; Fig. 3 1s a mcroscopic photograph show ng one exanpl e of

wei ghting agent inpregnated into a biological flocs to forma wei ghted

bi ol ogi cal flocs in accordance with thisyinvention; Fig. 4is a

schemati c side-view show ng anot her enbodi nent of the weighting agent
o eonet! SRR EAPTARS B B g5 bRt i o
f ﬁge gﬁ;;? :tﬁ)qpqtY%aﬁ%vw%m?w;)ggagggﬁgrxa%%r?heoftloc%{ll?i}lts injie?:ti;[)lg1 s6ubrsgsttgr;1 tg1 pecrinosv%at or of
phosphorus by precipitation and/or coagulation. The weighting agent to a mixed liquor
may be greater than about 1:5 to 1. The system secondary effluent may have a total
suspended solids concentration less than about 30 mg/L. The weighting agent
impregnation subsystem may be located downstream from the biological reactor and
before the secondary clarifier.

This invention also features a system for enhancing an activated sludge process
including at least one biological reactor. A weighting agent impregnation subsystem
coupled to the biological reactor for mixing biological flocs and weighting agent having
particle size less than about 100 pm to impregnate the weighting agent into the biological
flocs to form weighted biological flocs. A weighting agent recovery subsystem is
configured to recover the weighting agent from the weighted biological flocs and
reintroducing the recovered weighting agent to the weighting agent impregnation
subsystem.

In one embodiment, the majority of the weighting agent may have a particle size
less than about 40 pym. The majority of the weighting agent may have a particle size less
than about 20 um.

This invention also features a method for enhancing a wastewater treatment
process, the method including: a) receiving influent wastewater in at least one biological
reactor, b) forming biological flocs in the biological reactor, ¢) impregnating weighting

agent into the biological flocs to form weighted biological flocs, and d) recovering



Fig. 5Cis a three-dinensional view of one enbodi nent of the shear mll in
Fig. 5A Fig. 6 is a three-dinensional front-view of another

enbodi mrenwoabi1ttdizesosepar at or shown in Fig. 1; Fi g. PCTIUS2@0/002443

t hree-di nensi onal front-view of yet another enbodi nent of the separator
shown in Fig. 1; Fig. 8 is a three-di nensional front-view of one exanple of
a wet drum nmagnetic 10 separator which may be utilized by the weighting
agent recovery subsystem shown in

8
weighting agent from the weighted biological flocs to reintroduce the weighting agent to
step c).

In one embodiment, the method may include the step of separating the weighting
agent from the weighted biological flocs. The method may include the step of collecting
the weighting agent and recycling the weighting agent to step ¢). The method may
include the step of providing weighting agent in which the majority of the weighting -
agent has a particle size less than about 100 pm. The method may include the step of
providing weighting agent in which the majority of the weighting agent has a particle size
less than about 40 pm. The method may include the step of providing weighting agent in
which the majority of the weighting agent has a particle size less than about 20 pum. The
method may include the step of introducing dissolved oxygen to a population of
microorganisms to promote growth of biological flocs in a mixed liquor defined by a
concentration of mixed liquor suspended solids. The method may further include the step
of introducing a flocculant to the mixed liquor to enhance settling and thickening of the
weighted biological flocs and to establish agglomeration of non-impregnated biologicai
flocs and/or partially impregnated biological flocs with the weighted biological flocs.

The subject invention, however, in other embodiments, need not achieve all these
objectives and the claims hereof should not be limited to structures or methods capable of

achieving these objectives.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Other objects, features and advantages will occur to those skilled in the art from



Fig. 1, Fig. 9 is a three-dinensional view of another enbodi nent of
the system for enhancing a wastewater treatnent process of this invention,;
Fig. 10 iwoaosaisesvati c bl ock di agram of one enbodi nent etCTiuseolbiooi4as)i ca
reactor shown in Fig. 9 including an anoxic zone configured to renove

nitrogen and an anaerobic zone configured to renove phosphorus; Fi g.
11 is a schematic side-view of another enbodi nent of the systemfor
enhanci ng a wastewater treatnment process of this invention; Fig. 12 is
a schematic side-view of yet another enbgpdi ment of the system for enhancing
a wastewater treatnment process of this invention; and Fig. 13 is a
schematic bl o di agram show.n ne odj.ment of. the primary.steps .of the
rethod for TeRlae SO A Pest e LARRE o apf s G PpwIEng SR R

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Aside fromthe preferred

enbodi nent “nbodi ments di scl osed bel ow, this invention is capabl e of
ot her enbodi nents and of bejing practiced or being carried out in various
ways. Thus, it iFig-tldspéhreerdisncnsional view of ppembpdimentnd thessysiem for gphangingn jt s
application to the details of construction and the arrangenments of
conponent s agerstefwater freptmenhprotedslof Wiisgpvemtsay; i ption or illustrated in the
drawi ngs. If only one enbodinent is described herein, the clains hereof are
not to be |im t&k.2ds hketenanibeidic visw shawing tnvfarthert degaiCdrri embodananiof diee not
to be read restrictively unless there is clear and convincing
weighting agent feeder subsystem shown in Fig. 1; ‘
Fig. 3 is a microscopic photograph showing one example of weighting agent
impregnated into a biological flocs to form a weighted biological flocs in accordance
with this invention;
Fig. 4 is a schematic side-view showing another embodiment of the weighting
agent impregnation subsystem shown in Fig. 1;
Fig. 5A is a schematic side-view of one embodiment of the separator shown in
Fig. 1;
Fig. 5B is a schematic top view showing one example of slots in the rotor and
stator of the shear mill shown in Fig. SA;
Fig. 5C is a three-dimensional view of one embodiment of the shear mill in Fig.
5A;
Fig. 6 is a three-dimensional front-view of another embodiment of the separator
shown in Fig. 1;
Fig. 7 is a three-dimensional front-view of yet another embodiment of the

separator shown in Fig. 1;

Fig. 8 is a three-dimensional front-view of one example of a wet drum magnetic



11 evidence manifesting a certain exclusion, restriction, or disclainer.
There is shown in Fig. 1 one enbodi nent of system 10 for enhancing a

wast ewat ewotnsABm®At process of this invention. System POTR®yolomo248ed t o
enhance wastewater treatnent processes, including, inter alia, activated

sl udge wastewat er treatnent processes, SBR processes, anaerobic treatnent
reactor processes, or any other simlar type wastewater treatnent
processes. Wien used to enhance an activated sl udge wast ewater treatnment
process or an SBR process, system 10 inghjudes at | east one bi ol ogi cal
reactor 12, e.g., an aeration tank, which receives a flow of wastewater 14
by line 16, Bi ol ogi.cal react. i 1.S.S0. .oxygen 18
by |ine 205%))?]61 ¥e lctbmg Félhﬁ&é‘ﬂ@ tglé%{eghgggé%%ﬂqg{cggﬁggﬁb%‘s%%o%l\réggﬁ?sms to
pronote growth of biological flocs 23 in mxed |iquor 24. Mxed |iquor 24
is typical V?é’conbination of wastewater 14 and biol ogical flocs 23 and may
be defined by a concentration of mixed |iquor suspended solids (M.SS). In
ot her exanpl es, Figy8ishthres-dimpensiony Vi pakanothes embadiment afthe syssa Botc
treatnment process. In this case, biological reactor 12 is configured as an
anaer obi ¢ enlwatimgatwastsaateytreatheeng procpisof thiginygytéieam i s i ntroduced to reactor
12 and an anaerobic environnent is created therein. System 10 al so

i ncl udes wei ght Fipg 1@gendchemptiebloak daprasudionsteanhodiment of the bislogina reactor
enbodi ment, preferably includes weighting agent storage tank 34 coupled to
line 36, weh@it infGg ambludingne@oricizone t@ifigua, to atlove Me6gedtind Ak iaghdrbbig
agent inpregnation tank 28 receives mxed |liquor 24 from bi ol ogi cal reactor

12 by line 3¢ Qnfiglel t¢-nidve¢uBsghon® t he bottom of biol ogical reactor 12
via line 77. Inpréegnation tank 28 preferably receives virgin weighting

agent 33, e.g., Fig{.}‘i’i“is‘"ﬂ&?@hﬂ@siﬁ&%féwéﬁa%ﬁn%?ex% At SBthé %#’E‘en?ﬁyr as 12

shown at 35, and/?r recyc wel ghting agent rom wel ghit agent recovery

subsystem ZarAfhancing a wastewater treatment process of this invention;

Fig. 12 is a schematic side-view of yet another embodiment of the system for
enhancing a wastewater treatment process of this invention; and
Fig. 13 is a schematic block diagram showing one embodiment of the primary

steps of the method for enhancing a wastewater treatment process of this invention;

DETAILED DESCRIPTION OF THE INVENTION

Aside from.the breferred embodiment or embodiments disclosed below, this
invention is capable of other embodiments and of being practiced or being carried out in
various ways. Thus, it is to be understood that the invention is not limited in its
application to the details of construction and the arrangements of components set forth in
the following description or illustrated in the drawings. If only one embodiment is
described herein, the claims hereof are not to be limited to that embodiment. Moreover,

the claims hereof are not to be read restrictively unless there is clear and convincing



I n one design, weighting agent inpregnation subsystem 26 preferably

i ncl udes wei ghti ng agent feeder subsystem 110 configured to control the
del i very wate11ai31305r gi n wei ghti ng agent 33 to wei ghti ngPragastoioep4egnat i on
tank 28. Weighting agent feeder subsystem 110, Fig. 2, typically includes
pneumatic feeder subsystem 112 which includes porous nedia 114, e.g., a
plurality of stainless steel screens disposed on selected areas of the

i nside of weighting agent storage tank 34, e.g., areas 116 and 118 at the
bottom of wei ghting agent storage tank 34. Porous nedia 114 is al so
preferably disposed on the inside of line 36. In one design, pneumatic

f eed b j . f d 120
et SUbNALEDOHL, POl LSPULAh 3y oRhuee! comressed a1 12
t he deli ht i r; t .33. del ht i t

B N T Ky R e R R

stainless steel material with an_ultra-snoqgth flglshed cont act. surface nade
for preci s@’aétSW?'ﬁebFe?Hneb'd?rﬁ%"ébeWsymé’t‘i’fﬁl%t %é‘ﬁ@’?’ﬂ Y BrUSSeridFa29%1 pr oduces
an evenly distributed |ayer of air 120 that fl uidizes weighting agent 33 in
areas 116 aasteVagr bfatmentrrgesssesnincBulingnirt¢rrlia; prdivad shgge Westewatst medi a 114.
The boundary | ayer above porous nedia 114 reduces buil dup, friction, and
wear. |t alsanmeakpecessésgl8BRyocgsast ardsrobastr@atmen rcaotmevyodeyseeldrmhylaﬂieng
conpaction and drag of weighting agent 33 in areas 116 and 118 of storage
tank 34 anginhilir kypeevaifewaldr Gregtndsnp bidcedseq NWhemtised td eslitmte snbaivatedshidge
avai l abl e from Young I ndustries (Mincie, PA). In operation, the delivery

rate of weihgbfelwagr 89fRenStobdds YRMYBBRIFoREE BYstdmd 10HRSEER At ie@st dnank 28, Fig.
1, is controlled by regulating the anount of air 120, Fig. 2, delivered by

lines 121 %fbl&%&é?‘x‘éac{@%ae%lén adh@SFtank Bhtich RbeiVed egﬁ \!v%gw%gt%% F¥4 gg! i vered
to wei ghting agent | npregnafion tan 28 may be used |n|t|a

i mpregnat i e ti gi cal
roact o 12 8nd0aBEbHA PERY 2 ArRiBly §#§%%§é§§*%3%d°&§fg@t§%%%Elhgkﬁ

agent. Thereaft nalnt ance d n ent 33 nma supplied
to wei ghti ﬁﬁp%fﬁ‘gfﬂ a‘f‘a}?fﬁ? 'ioc?rPocpHﬁ‘E‘oﬁg %crﬁ%ig?ﬁlﬁf%ﬁ?gpraglg &4 ?fﬁent ration
of weighting agent xer 30 m xes the m xed |.i quor or the settled
sludge in tigiegios flges 73 mm@aeﬁ liguergdtt i MigeddigHer 43s dymigadly & sanhivatippiodd

wei ghting agent 38 to inpregnate the weightin ent into the biological
flocs in mW@é@Mateqlhéﬂnd)bloiqwaé 8peg Tangd Iu@bgb;e ‘ﬂ% bagenegitradoplonigi cal
flocs. Mxer 30 preferably utilizes a mxing energy sufficient to

i npr egnat e ligher snspeapided sudida ¢eihiS S)).ntrootheraixegpleal sybteocH) may plsmtedsddtoa mi xed

| iquor or the settled sludge to form wei ghted biological flocs. The

wei ght ed biephaigé afbndekabis treaimeanpro@ds.alnethistvase, bpbhdgidd edactod 1Diintandigassd
reactor 12 by line 37. The treated secondary effluent 50 exits reactor 12

by |'ine 51.asan anaerdbi@treatmsitQeictér. MEAOHED RS 6xypel'S Riro@i@day aiplog 12tnd
bi ol ogi cal flocs 23 inpregnated with virgin weighting agent 33 and recycled

wei ghti ng qggﬁgergﬁfgﬁ)w;my\glcg&tt&gh@egl ogi cal floc 25. Because

wei ghted bi ol ogi cal flocs generated by weighting agent inpregnation

subsystem 26 ha st@ﬁxerOea%o il {; ightit %éh #ﬁ@gn&?ghﬂsglj&ﬁ%%ﬁ%

bi ol ogi cal fl ocs; y Set regnat iolo |é1 flocs.
Thus, the tine to se ar.at,e ,wei ght ed b|oI m xed
avor of SyEEmedirn: bR R L aged stotadstank 38 Supl &8 e 36,

weighting agent impregnation tank 28, and mixer 30. Weighting agent impregnation tank
28 receives mixed liquor 24 from biological reactor 12 by line 32 or settled sludge from
the bottom of biological reactor 12 via line 77. Impregnation tank 28 preferably receives

virgin weighting agent 33, e.g., from weighting agent storage tank 34 by line 36, as



to a conventional activated sludge wastewater treatnent systemor SBR
system The wei ghted sl udge bl anket of an anaerobic treatnent systemis

al so nor ewoanpasi3oand dense and t herefore can handl e hi gh@rustéioimoz4at es and
is not as diffuse. The result is system 10 can substantially increase the
capacity of such wastewater systens while providing a high quality treated
ef fluent. I n anot her enbodi nent, wei ghting agent inpregnation
subsystem 26', Fig. 4, where |like parts have been given |ike nunbers, my
be configured as venturi m xer/eductor %z havi ng nozzle 31 and funnel 45
whi ch receives virgin weighting agent 33, e.g., fromtank 34 by |ine 36,

and/ or recygcl ed ighting agent .38.from rat or. i i nt

i npregnati %Ov‘énu%tsys e%? r gcyc%a,w%{g@tgl § aﬁ%ﬁﬁé%nﬂe‘ﬁeﬁ%{z iggeri‘{\gée%g%bs% gB%%{s%fn em 110,
simlar as giscussed above with reference to Fig. 2 for controlling the
delivery rdfe of wei ghting agent 33 to funnel 45, Fig. 4. Venturi

m xer/eductor 27 preferably receives mxed |iquor by line 32 or settled

sl udge by |ine ¥yonegdesignowpighting=aggnt impregnation subsysiema20inseferabhicinglidesci t y of
m xed liquor in line 32 or the settled sludge in line 77 is increased

t hr ough noweightiBg ageyit fegider snbsyghem i) eapdigured3o gonttal ithe daliyetyadtendivirigin ng
agent 38 in funnel 45 enters nozzle 31 by line 39 and travels downstreamto
l'ine 37. Theightidgageny 38to Weightidy agdnt ddpregdition sankrA8L ibeightingagent feeder

entrai nment, as shown at 43. This inpregnates the virgin and/or recycled
wei-ghting sgRRétemntlo, kiBe2, kimtADi igaludds peambac feeddn subdyglehe Tl 2owRich ghdhales
flocs. The weighted biological flocs are then returned to bi ol ogi cal

reactor 12,bvuk ha8iadd4, é(é)., §gﬁﬁ‘ﬁlit.&l 3f Sthihlesd steblbcRBAs fﬁ§}zd§'_9(ll 8n sd1BGed RS NO

agent may Be magnetite, or any simlar type 15 weighting agent or

magnet i cal . e ' ixal . kn . il i+ the art
wnich 1 nor SdASBPLEH B AL AN raP LR, £ Oy LS aldDRR o el
therein. In one exanple, the jofity of ..t wei ght | nt has particle
Si'ze | oss DaNnEAERR Btpes kT dorbds Bicih I Fe Lot PR AR FRbossT Sy s
wei ghting agept particles have a size |ess than aboyt 40 um or .| ess than
about 20 uffHide of |{fmegéy R designppreumptic Jgedgr SURRYSifR ousi GRUEWES Hyent
recovery subsystem 74 which receives settled sludge from bi ol ogi cal reactor
12 by | i neTeeslate@ipght ofirgmpirsped e b2/ Ines 134 ye therpovonspnedia t Hhintagka34 ydes
separator subsystem 78 whi ch recovers the wei ghting agent fromthe weighted
bi ol ogi cal afd tcline 36 tomegudase thealgliverydete of weighting 7gena A3 delevemed todwriglting
(recycl es) weighting agent 38 to wei ghting agent inpregnation subsystem 26,
26' , Fi gs. agemundprégnation tank 28. In one example, porous media 114 may be a porous 316

stainless steel material with an ultra-smooth finished contact surface made for precise

control of permeability and strength. Porous media 114 produces an evenly distributed

layer of air 120 that fluidizes weighting agent 33 in areas 116 and 118 of storage tank 34

and in line 36 above porous media 114. The boundary layer above porous media 114

reduces buildup, friction, and wear. It also makes weighting agent 33 easier to convey by

eliminating compaction and drag of weighting agent 33 in areas 116 and 118 of storage

tank 34 and in line 36. One example of pneumatic feeder subsystem is available from

Young Industries (Muncie, PA).

In operation, the delivery rate of weighting agent 33 to weighting agent



In one design, separator subsystem 78 may be configured as shear m Il 112,
Fig. 5A, which shears the sludge in line 76 to separate the wei ghting agent
from t he wei2zghiwosaBobi ol ogi cal flocs. Shear m |l 112 i dealpcy/uise@lbwoxss r ot or
80 and stator 82. In operation, the settled sludge in line 76 enters shear
mll 112 and flows in the direction of arrows 180 and enters rotor 80 and
then stator 82. Shear m |l 112 is designed such that there is a cl ose

tol erance between rotor 80, Fig. 5B and stator 82, as shown at 83. Rotor 80
is preferably driven at high speeds, e.qs, greater than about 1,000 r.p. m
to forma m xture of weighting agent and obliterated flocs in area 182,

Fig. 5A, of_shear. m . th 1 of i.ghting agent . bl iterated
fl ocs exi témgﬁélégruorrrlit%‘{k %%1%5’ fsicr?lelé%%’deb sreg?\l@\}\%%\? ag}opgkfé}lairg%’ E‘lggb’ 5C
shows in further detail the structuyr f e enbodji nent .of shegr mll 112.
Pr of or abl y SelVFEsptResRY S paiaus tediad o FiEios iFs ooV BEP EREEn] LA RNSFch

16 function as a centrifugal punp to draw the settled sludge from above and
bel ow r ot oft® WeighHag ageat Bppragnatign tank Afrmay be,used Jorigitially grapregnajingshe entifg t hen
hurl the materials off the slot tigs at a very high speed to break the

wei ght ed  bipopwdgiieresf Hivlogisali fircs 28 Ine bivlogieal ecagfor W2 agdha sergndags etarified
obliterated flocs. For exanple, rotor 80, Fig. 5B, may include slots 186
and st at or (&i2cussed belov)uwdich skighting 8¢ent. SThérsafieBta maintedbide dQe anaéightind ot s 188
in stator 82 are preferably optimzed to increase shear energy to

ef fici ent| wg&ft Bamadyebet Sapp N 16 Hidi g3in@Ggakt imbeyghhtih et ghieslaiRt Paésrl

fl ocs. The shear devel oped by rotor 80 and stator 82 depends on the width

of slots 18Bn@Rfatldifof wdightinlpEANCe between rotor 80 and stator 82, and the
rotor tip speed. In one exanple, rotor 80 is driven at about 9,000 ft/mn.

The resul t is SigE 1 bbel 12 ARG & OSHALRL LG RIG Sifgctively

and efficiently separates the welghting agen e welg I ol'ogi cal

flocs to facklitate regqv of the wei.ghtin t.. l.n anot her
deo on. _sesmibR Eali 33 A v8 repRfea ikl e R smprepmpig Bk SREHO ven
| i ke nunbers, nmay be .configured as uJtrasonic separator 6. Utrasonic
separ at or f&%‘tf‘?}éiﬂﬁegqlf’&?acﬁ Qf§dR MK liuoRBr @%FQ@&%@%@%%%?&E%@S e.g.,
ul trasoni c transducer 262, 264, 266, 268, and/or 270, available from

Hi el scher bralegieddloss Minsm30 oreferablyrutilizes? e engigy: suifjeisat tatimpregnate
fluctuations of pressure and cavitation in the settled sludge in |ine 76.
Thi s resul the Vveighting agent into Winlogical fieas spspeddeding mixed fiqner asfthessttladsludgeat e a
m xture of weighting agent and obliterated flocs to effectively separate

t he wei ght itmépregeeighted binldgieal flecy Hiledwighted hiotadicdl flocsini tank 28 ars dicnl senlt

sl udge. The resulting m xture of weighting agent and obliterated flocs

exi ts ul tr adsckiobislegidilatavtorliRobyblynd 3METhélreatdd sgedndanadffigént 0 ekildrea&epar at or

subsystem 78, Fig. 7, where like parts have been
12 by line 51.
Fig. 3 shows a microscopic view of one example of biological flocs 23
impregnated with virgin weighting agent 33 and recycled weighting agent 38 to form
weighted biological floc 25.
Because weighted biological flocs generated by weighting agent impregnation
subsystem 26 have a greater specific gravity than non-impregnated biological flocs, they

settle faster than non-impregnated biological flocs. Thus, the time needed to separate

weighted biological flocs from the mixed liquor of system 10 is reduced when compared



17 given |ike nunbers, may be configured as centrifugal separator 118.
Centrifugal separator 114 typically includes cylindrical section 302

| ocat ed awotzha/Bogwsof hydrocycl one 300 and coni cal baseP8dAISc@omabad3 bel ow
section 302. The settled sludge in line 76 is fed tangentially into
cylindrical section 302 via port 303. Smaller exit port 306 (underflow or
reject port) is located at the bottom of conical section 304 and | arger
exit port 308 (overflow or accept port) is located at the top of
cylindrical section 302. | n operatjyon, the centrifugal force created
by the tangential feed of the sludge by port 303 causes the denser

wei ghti ng ent be.s d.fromth i 0l o flo in the
setled o1 dageonveRuorBL AL e P leh B B PR E St 2 Siptem nsffﬁewm | 308
of conical secti d exits at. part 306. ThIS ffectivel arates
he wel ght MAEHGERRIEe el Hgrobl TRETgy Pl 1 Se o ey

wei ghting agent 38 exits via port 306 and may be deposited to melghtlng
agent i npr elgnsetand thessforecpndgndis drigher-flgy rates @FﬁhlSAlOt Fytliffnges Theesukt ini ol ogi cal
flocs remain in the sludge and exit via port 308 through tube 310 extending
slightly i rsyssernié chosybstntinhyeincemsethe shpacdyof sdchgedsteyaparsastons vhide

Al t hough as di scussed above, separator subsystem 78 may be configured as a
shear m || préididf thighoqiatitystegaeddf@iuentor a centrifugal separator, this is-
not a necessary limtation of this invention. In other designs, separator

subsyst em 78 mayn BfotR&ntbdiRcht Aveightintdapens mi;@zgmnan slRyRen 280 Mg, 420

i nperforate basket, a disk stack separator, he |i ke, as known by those

skill ed 'wﬂkfeﬁuzé arts have bde %1%mb%rsaﬁﬁy%e\efeﬁﬁgn@d§se%ﬁﬁf0r 78, Figs.

5A-5C, is con |gured as s ear 112 to creéate the m xture of weighting
d
0o S L3, AR BB g A BB O

33, e.g., from tank 34 by line 36, and/or recycled welghtlng agent 38 from separator 78.
Weighting agent impregnation subsystem 26' may also include pneumatic feeder
subsystem 110, similar as discussed above with reference to Fig. 2 for controlling the
delivery rate of weighting agent 33 to funnel 45, Fig. 4. Venturi mixer/eductor 27
preferably receives mixed liquor by line 32 or settled sludge by line 77, as shown in Fig.
1.

In operation, the velocity of mixed liquor in line 32 or the settled sludge in line 77
is increased through nozzle 31. Virgin weighting agent 33 and/or recycled weighting
agent 38 in funnel 45 enters nozzle 31 by line 39 and travels downstream to line 37. The
widening of line 37 at 41 induces intimate mixing and entrainment, as shown at 43. This
impregnates the virgin and/or recycled weighting agent into the biological flocs to form
weighted biological -ﬂocs. The weighted biological flocs are then returned to bioiogical
reactor 12 by line 37, as shown in Fig. 1.

In one example, the weighting agent may be magnetite, or any similar type



recover the weighting agent therefrom Further details of the design and
operation of wet drum magnetic separator 81 are disclosed in co-pending
appl i cat iwo 2011&31308bl i cati on No. 2008/ 0164184, entit| edPCFuseaionoBeanl i ng
System For a Wet Drum Magnetic Separator”, and U.S. Publication No.

2008/ 016483, entitled "Collection Systemfor a Rotating Wet Drum Magnetic
Separator", both incorporated by reference herein. In the exanpl e
where separator subsystem 78, Fig. 6, is configured as an ultrasonic
separator 116 to create the m xture of weighting agent and obliterated

bi ol ogi cal flocs, wet drum nagnetic separator 81, Fig. 8, or centrifugal
separator 118, .Fiq. may_ be used to,recover the.weighting ager .
thorer rom Verghtint Sent or FREpelEaty Spatsid RERAET matGial Rndn 19 BofETic Mg agent
as discussed above wth reference ta Fi.gs.. 5A-7 significantly reduces the
operating which fczeas Eflelfsr‘@é’tfﬁléerﬁ‘g@%?@ﬁci&hen ‘mpreg@,%gg}?fel@, Irig. 1
may al so include wasting subsystem 83 which wastes the remaining settled
sl udge of SBperamle, themaipsteed the weighting gt hasepatiplglsizeiless thym abput 100

m croorganisns in mxed |iquor 24 in biological reactor 12. In

anot her enpodi Imsther exgrsplesnthdmajoFityof the wetghting hgdne pptictes hawesibeless thawen

| i ke nunbers includes biological reactor 12, weighting inpregnation
subsyst em abowd@/unt onlessghdn atgut 2poumgnat i on subsystem 26', Fig. 4, and

wei ghti ng agent recovery subsystem 74 with separator subsystem 78, which
function sin | asyasmdiosEigs s aflsinenbesNvEiBhiiff flefiveCovedy hitd§sterh78 wiiéh t hi s
exanpl e, system 10' also includes floccul ant 1njection subsystem 42,

typi cally FQeateetkidisddeSaim Em@i&h 3&48%qg'byﬁﬁ@@kp!&véigmfrgc%@%&ver

floccul ant injection subsystem 42 nay be at any desire fon 1n ysystem

10. | hi g, J .0 I . L .
Do SRR BB s, £ S e HPABA P BV

ttli d_thickeni f,.t.h | ght ed bi ical fl i i xed
e " T P R e s WG B ER g ™
T o0 el L o3 S L TPLESTL L Bkt el

exanpl e, floccul ant 44 may be cationic or anionic polymer, such as
Dr ewf | oc(r)and,_’é-m (Ashl and Chem cal, New Jersey), or any simlar type
pol ynmer known to those skilled in the art.

In one design, separator subsystem 78 may be configured as shear mill 112, Fig.

SA, which shears the sludge in line 76 to separate the weighting agent from the weighted
biological flocs. Shear mill 112 ideally includes rotor 80 and stator 82. In operation, the
settled sludge in line 76 enters shear mill 112 and flows in the direction of arrows 180
and enters rotor 80 and then stator 82. Shear mill 112 is designed such that there is a
close tolerance between rotor 80, Fig. 5B and stator 82, as shown at 83. Rotor 80 is
preferably driven at high speeds, e.g., greater than about 1,000 r.p.m. to form a mixture of
weighting agent and obliterated flocs in area 182, Fig. 5A, of shear mill 112. The

mixture of weighting agent and obliterated flocs exits shear mill 112 by line 79, as shown
by arrows 184. Fig. 5C shows in further detail the structure of one embodiment of shear

mill 112. Preferably, rotor 80, Figs. 5A-5C, and/or stator 82 includes slots which



The aggl onerati on of non-inpregnated biol ogical flocs and/or partially

i npregnated flocs with the weighted biol ogical flocs makes | arger wei ghted
bi ol ogi cavof2bnes1306 provi de for rapid settling of the wecghiSedobiahdgi ca
flocs in settling zone 64 of clarifier 46. Floccul ant 44 al so enhances
settling and thickening of the weighted biological flocs in thickening zone
66 of clarifier 46 by reducing the size of, and increasing the density of,

t he wei ghted bi ol ogical flocs. This creates "drai nage" channel s between the
wei ght ed bi ol ogi cal flocs which allow wager at bottom 69 of clarifier 46.to
flow towards top 71 of clarifier 46 and wei ghted biol ogical flocs to flow

tovar ds: Dobh RS 4 oGt APNE iRGeReaSRAPABoBLe LA bagﬁé (oh 8

enhance the enl ng era |nc?udes

3§fgﬂggayb§% ra%tgéafag $¥B%F¥h§fdgzgggfﬁﬁa ?ﬁﬁg d g rake or

si phon (draft tube) subs stem 67 is used to, [enove sett]ed sludge 54 at

bot t om 69 @P t ipsAtiarvenr high spagd do hcak flr?ewwtgr%@éo%%%e@% intg the puxAIre el e a
greater specific gravity than non-inpregnated biol ogical flocs, they settle
faster in swtzhtngpgensred plliterateddlochaRorFamplepFegntd, &ig. BBomeyiecinderslete s
utilized in a typical systemfor an activated sludge 20 process. Thus,
secondary d8@and statpr 8Bmey iredude\sbdty 13 dSlefsf 1i86iie mitby8Gapiiratas 1 §din staomg ht ed

bi ol ogical flocs fromthe m xed liquor to provide secondary effluent 50'.
As a resul 82 atedyefetably sprinieeld fodnsreprsata enedgyind efficlindl egpaeat tHel vogightingom

m xed |iquor 24 of the system 10' is reduced when conpared to a typica

activat ed 5% @8mthe NefBhted bibloPRaVASIE FAE Sheat B6@1JPRADLYRE@E 86 8nd Jthics 82
increases the capacity of system 10' to process wastewater 14. Therefore,

system 10° dbp%nﬁp&?th%fv%ﬁﬁxtdf\éﬁyt? £dd Arfd 3L ;hertatefaﬂbé Betwb@Plotdt o8l stafor 2N

robust than a typical system or an acfivated sludge process. Nbreover t he

si ze of cl algarr}e%tofﬁ?g@e%orno% Bt 5L By m%rfat%rm%do%ﬁﬁ 1yé! | oW ng

syst em 10 ant. Fot print.
Thi s reduces he .i nst i on ,cost.s and and r nts 0, tem 10
Addi ti onal Fltinse irr Lﬁsvraglesscr SeE e FRCPEIeE T e rafﬁﬁ&%ﬁg of the
bi ol ogi cal rocs he nlxeg i quor .in the sec@@)ary clarifier,

di scussed FPPRALES the Homasesk Epputhe weighted hialpgicplfiocs to faﬂh@ﬁg?@rrrrwf Fig.

9, may also |nclude return activated sludge subsystem 70 which recycles the
maj ority ofhes‘éﬁtlgllltwaﬂe@dge 54 in secondary clarifier 42 to biol ogical
reactor 12 by line 72 using punp 47 and/or sends the settled sludge 54 to
wei ghti ng i npr edmaroithen dssiprs sspazatol §jbspBem /B aFigi fevieidlike parts havhbeanapaci t y
of system 10', Figs. 1-9, to process wastewater 14 may be increased by

i ncr easi nggiver like noabérs ahaybe adnfigneedMs SBrdsonibisepapgbcbl6. ridaasaic sepatayor
reduci ng the amount of settled sludge wasted by wasting subsystem 83. The

anount of geé tpaalls indigRs Vas bedokyul@dhicteansdRerss &.8 Tufifisoiy trahslciieereduced
to increase the concentration of MLSS in aeration tank 12 to enhance

nitrificatbhep 28k FHETRR/Er 270, Waiable! il Bliclécher UhEsBhiks Gfﬂbﬁats altf OCESS may
al so be further enhanced by increasing the ambunt of dissdlve

Germany, which generates fluctuations of pressure and cavitation in the settled sludge in
line 76. This results in microturbulences that produce a shearing effect to create a
mixture of weighting agent and obliterated flocs to effectively separate the weighting
agent from the weighted biological flocs in the settled sludge. The resulting mixture of
weighting agent and obliterated flocs exits ultrasonic separator 116 by line 79.

In yet another design, separator subsystem 78, Fig. 7, where like parts have been



21 oxygen 18 introduced to biological reactor 12 by |ine 20.

Coagul ant 88, Figs. 1 and 9, may be added to biol ogical reactor 12, as
shown at WO 20r1/3e308ei ght i ng agent inpregnation tank 28, pas/tshawoomu3 94, for
renmovi ng phosphorus and ot her contam nants from m xed |iquor 24 by

preci pitation and/ or coagul ation, as known by those skilled in the art. In
ot her exanpl es, coagul ant 88 may be added to flocculant injection port 42,
Fig. 9, as shown at 92, to renove phosphorus by precipitation and/or

coagul ation. In yet another exanple, qgulant 88 may be added to weighting
agent inpregnation tank 28, Figs. 1 and as shown at 94, or to venture

m xer/ edUCt CII%lL Efrngers g? F%lgure%tas]ég%‘cllfugai %Cp%{'g?éllj p%e E-H:E% US by

preci pi tatifon and/ o coa ng agent

e.g., m netlte o] S|ml dals kn to . th ski

o R R TS R N e R ﬂﬁtwg%% ong 5 1
1.0. In one exanple, secondary effluent 50 has a suspended sg

concent r at P8f apg conical base 394 degatad betowrggotion FAZ-c Kherssjtledsludgedn éH‘e 7@ isifed, and

federal guidelines for secondary effluent 50. System 10", Fig. 10,
where | i ke tyngentgallyanie dybindriqgl sestioh BR2 viapettsi03; Smejlet et pare3(s (@hdg‘ﬂewl or
reactor 12', e.g., an aeration tank, having anoxic zone 87 wth m xer 91
confi gured réjectlpen))isdocdtddangm‘bdttoﬁnbfﬁmﬁﬁl $dctjoioB0L4dnd larget bxispak add| e,
recycle line 100 connected to line 135 recycles mxed liquor 24 to anoxic

zone 87, agowdrow obYcoapt oG isliddate®utothe Wptatlcyligd@idabsectidn 30BY al so i ncl ude
anaer obic zone 93 with m xer 95 configured to renove phosphorus fromthe

i xed 1§ quor 24 14 BodrBich, RARRugdl iftee #Ra@E by A %&ﬁm fad Sfjthé kmqg@by

subsystem 70 recycl es the settled sl udge to anaerobi c zone

ot her poss g@h%o? 'c%s%g h%%gngw Weié]rﬁtng a§£ﬂ? Y@{)e ge?ﬂlta't&ﬂ‘r@rh melgﬁt\ée %?016@1&41 Iz ed

as known to thos
flocs in the settled sludge. The separated weighting agent is expelled against wall 308 of

conical section 304 and exits at port 306. This effectively separates the weighting agent
from the weighted biological flocs. The recovered weighting agent 38 exits via port 306
and may be deposited to weighting agent impregnation system 26, 26', Figs. 1 and 4. The
less dense biological flocs remain in the sludge and exit via port 308 through tube 310
extending slightly into the body of the center of centrifugal separator 118.

Although as discussed above, separator subsystem 78 may be configured as a
shear mill, an ultrasonic separator, or a centrifugal separator, this is not a necessary
limitation of this invention. In other designs, separator subsystem 78 may be configured
as a tubular bowl, a chamber bowl, an imperforate basket, a disk stack separator, and the
like, as known by those skilled in the art.

In the example above where a separator 78, Figs. SA-5C, is configured as shear
mill 112 to create the mixture of weighting agent and obliterated biological flocs, wet

drum magnetic separator 81, Fig. 8, or centrifugal separator 118, Fig. 7, may be used to



Al t hough as shown above with reference to Figs. 1 and 9, system 10,

i ncl udes wei ghti ng agent inpregnation subsystem 26, 26' which receives

m xed | i gworofwmsmiobi ol ogi cal reactor 12 and t hen di spenge3/ush@omeisght ed

bi ol ogi cal flocs back into the biological reactor, this is not a necessary
limtation of this invention. In other designs, weighting agent

i npregnati on subsystem 26, 26', may receive mxed |liquor from biologica
reactor 12 and di spense the wei ghted biol ogical flocs between bi ol ogi cal
reactor and the secondary clarifier. Forjgexanple, system 10", Fig. 11,
where |i ke parts have been given |ike nunbers, may include weighting

| mpr egnat g_?gc}%)%grbtﬁg\%ﬁe 1%3 i’ag%nq Ithergtir(%nljf_ll.le ?‘Cu\%ﬁeé‘ ﬁig%u (s:ﬁf @ggaﬁglg\r{gq 1‘9]’%&%@ nEIES Wer 1C€

to Figs. 4, enses o I'ihe 137
bet ween bi o] ogi cal reactor an | ari.fier 46. o er..desi gns,
et ahene. R e BT ot sdp Bihin 65 pehiog aplisaion U CHRERRRERS | he

bi ol ogical reactor and the secondary clarifier. For exanple, system 10lv,
Fig. 12, wiopP¥O0le484pentitied REludie Sealingi System Fare WatdBars MagaetiqRRParafRt] ght i ng
agent inpregnation subsystem 26, 26' |ocated between biol ogical reactor 12
and cl ari f iapd U4%. PublicationdNe 200810464 88a sntisledt ‘€ollgctiomsBystem for o Motatingietr y
processi ng systemor simlar type processing systemwhich has a high
concent r at immo¥apnetid Sgpard @b, dodr igesrporatedtiyaeference hereimcon ng wast ewat er
14. In this design, system 10" may not need return activated sl udge

subsystem 70, a IfdxampldWwhere SepabR6iedubsy MO V) FiLra) adonfiBut s gh own from
the renoval of influent organic natter to maintain a suitable popul ation of

m croor gani§ifohid skpifatbt Xfshol dréiithe #lixtur St weightingldeniEid ditdrteq enhancing a
wast ewat er treatnment process, in one enbodi nment o his invention, includes

receiving a. 0 b¢ ol agl.c 118t ep. 200,
Fro 13 B eBry g oof it SHih Haeniepn Tl of gy Y BERleal PRERR1IE ©F; O
202. Wi ghti.ng, agent is.then inpregnated intq, the biological flocs to form
wei ght ed biPld%%gf‘%é’lri’ef"ls%%éo,re%‘fvggﬁ’fd%@?wg ARE;t h?rfﬁ%magent is then recovered
and reintroduced_to §%§§.204,,ste 206.. The details of tgﬁ ogfra i on of

st eps 200- 206 are*df Jerpvpringandierycligg fae Weightineieepandisq eﬁiaé%‘.’e 1-9.

Al t hough specific features of the _invention are shown in sonme draw ngs and
not in ot he¥igh refegenceita Figsy Sponigmfieantly redyices the operating east ofevastVa& conbi ned
with any or all of the other features in accordance with the invention. The
wor ds "i ncltredtmegit systgmodfr i si ng", "having", and "with" as used herein are to
be interpreted broadly and conprehensively and are not limted to any

physi cal i nter c@yeat 1@iFig. Nomaoaies inchrdy wastgisubeystean 88 sdlichsweaktésrthe he

subj ect application are not to be taken as the only possibl e enbodi nents.

Q her enbodefigining sttled sirigh bf §epatdiersabskichl Etol ddntrbletha pbpditébnagfehe t hi n t he
foll owi ng clains. In addition, any anmendnent presented during the

prosecut i omRfockfidhatif MixePRYIdr34iiR Biol Yical Rastopapent is not a disclai mer
of any claimelenent presented in the application as filed: those skilled

in the art canngj aﬁ&ﬁgﬁoaﬂtmdsrmg‘ﬁ %&ﬂ?i@%%% dfd g e;ﬁ'r@i?g}/éeﬁ%ﬁg %ﬁﬂ:lﬂ%e

literally enconpass a possi bl & “equi val'efits, nany equ

unf oreseeabl e.at the.ti of the amendnent. and are beyond a fair
i or o ot sty hefiade fiBloBicat S BT ST in8 Ao RERu AR SABS sl 2 bngror, ) o

under | yi ng the anmendnment .nay  bear , iore than .a tangential relation to
many equ v aY SRS TRALGRITh R R H Y- B 1 GH e recovery uBsystem

74 with separator subsystem 78, which function similar as discussed above with reference
to Figs. 1-8. In this example, system 10' also includes flocculant injection subsystem 42,
typically located downstream from biological reactor 12, although flocculant injection

subsystem 42 may be at any desired location in system 10. In this example, flocculant



24 the applicant can not be expected to describe certain insubstantial
substitutes for any claimelenment amended. What is clainmed is: 25 CLAIMS
1. A systwozborodessianci ng an activated sl udge process ceaprisgingo2443
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injection subsystem introduces flocculant 44 into mixed liquor 24 by line 135. Flocculant
44 enhances settling and thickening of the weighted biological flocs suspended in mixed
liquor 24 in secondary clarifier 46 and establishes agglomeration of non-impregnated
biological flocs and/or partially impregnated biological flocs with the weighted biological
flocs in secondary clarifier 46. In one example, flocculant 44 may be cationic or anionic
polymer, such as Drewfloc® 2270 (Ashland Chemical, New J ersey), or any similar type
polymer known to those skilled in the art.

- The agglomeration of non-impregnated biological flocs and/or partially
impregnated flocs with the weighted biological flocs makes larger weighted bioloéical
flocs to provide for rapid settling of the weighted biological flocs in settling zone 64 of
clarifier 46. Flocculant 44 also enhances settling and thickening of the weighted
biological flocs in thickening zone 66 of clarifier 46 by reducing the size of, and
increasing the density of, the weighted biological flocs. This creates “drainage” channels
between the weighted biological flocs which allow water at bottom 69 of clarifier 46 to
flow towards top 71 of clarifier 46 and weighted biological flocs to flow towards bottom
69 in thickening zone 66 of secondary clarifier 46 to enhance the thickening process.

System 10’ also preferably includes secondary clarifier 46 which may be used to
separate and collect the weighted biological flocs from the mixed liquor. In one example,
a rake or siphon (draft tube) subsystem 67 is used to remove settled sludge 54 at bottom
69 of clarifier 46. Because the weighted biological flocs have a greater specific gravity
than non-impregnated biological flocs, they settle faster in secondary clarifier 46 than

non-impregnated biological flocs utilized in a typical system for an activated sludge



at | east one biological reactor; a wei ghting agent

| mpregnati on subsystem coupled to the biological reactor for m xing

bi ol ogi cavof2boes1aad wei ghting agent to inpregnate the wergiscomgomgent into
t he biological flocs to formweighted biological flocs; and

a wei ghting agent recovery subsystem configured to recover the weighting
agent fromthe wei ghted biological flocs and reintroduce the recovered

wei ghting agent to the weighting agent inpregnation subsystem 2.
The systemof claim1 in which the weig bing agent recovery subsystem

I ncl udes a separator subsystemfor separating the weighting agent fromthe

oL O b o 1 S VLA BT S 20

the separ a%)?orlogsigaqs ogst fer(r)nmi tlrllec lnljj)?e%sliq?xor to provide secondary effluent 50'. As a result, the
time needed to separate weighted biological flocs from mixed liquor 24 of the system 10'
is reduced when compared to a typical activated sludge or similar type wastewater
treatment process. This increases the capacity of system 10' to process wastewater 14.
Therefore, system 10' is more effective, efficient, reliable, cost effective, and robust than
a typical system for an activated sludge process. Moreover, the size of clarifier 46 and/or
biological reactor 12 can be reduced, allowing system 10' to treat the same quantity of
wastewater in a smaller footprint. This reduces the installation costs and land
requirements of system 10'. Additionally, the problems associated with the separatioﬁ
process of the biological flocs from the mixed liquor in the secondary clarifier, as
discussed in the Background Section, are alleviated.

System 10, Fig. 9, may also include return activated sludge subsystem 70 which

. recycles the majority of settled sludge 54 in secondary clarifier 42 to biological reactor 12
by line 72 using pump 47 and/or sends the settled sludge 54 to weighting impregnation
subsystem 26, 26' via line 119.

The capacity of system 10/, Figs. 1-9, to process wastewater 14 may be increased
by increasing the concentration of the MLSS in biological reactor 12 by reducing the
amount of settled sludge wasted by wasting subsystem 83. The amount of settled sludge
wasted by wasting subsystem 83 may also be reduced to increase the concentration of

MLSS in aeration tank 12 to enhance nitrification of ammonia in mixed liquor 24. The

nitrification process may also be further enhanced by increasing the amount of dissolved



centrifugal separator. 5. The systemof claim2 in which the

separ ator subsystemincludes an ultrasonic separator. 26 6. The
syst em ofwol2aim31305n whi ch t he separator subsystem i ncl edeasaoislaern3 m | |
and a wet drum magnetic separator. 7. The systemof claim1l in which

t he separator subsystemincludes a shear m||l and a centrifugal separator.
8. The systemof claiml in which the separator subsystem i ncludes an
ultrasonic separator and a wet drum nagnetic separator.
21
oxygen 18 introduced to biological reactor 12 by line 20.
Coagulant 88, Figs. 1 and 9, may be added to biological reactor 12, as shown at
90 or to weighting agent impregnation tank 28, as shown at 94, for removing phosphorus
and other contaminants from mixed liquor 24 by precipitation and/or coagulation, as
known by those skilled in the art. In other examples, coagulant 88 may be added to
flocculant injection port 42, Fig. 9, as shown at 92, to remove phosphorus by
precipitation and/or coagulation. In yet another example, coagulant 88 may be added to
weighting agent impregnation tank 28, Figs. 1 and 9, as shown at 94, or to venture
mixer/eductor 27, Fig. 4, as shown at 103, for removing phosphorus by precipitation
and/or coagulation.
The ratio of the weighting agent, e.g., magnetite or similar type materials known
to those skilled in the art, to mixed liquor and/or settled sludge niay be greater than about
1.5 to 1.0. In one example, secondary effluent 50 has a suspended solid concentration of
less than about 30 mg/L, which may meet local, state, and federal guidelines for
secondary effluent 50.
System 10", Fig. 10, where like parts have been given like numbers, may include
biological reactor 12, e.g., an aeration tank, having anoxic zone 87 with mixer 91
configured to remove nitrogen from mixed liquor 24. In this example, recycle line 100
connected to line 135 recycles mixed liquor 24 to anoxic zone 87, as shown by arrows
101. Biological reactor 12' may also include anaerobic zone 93 with mixer 95 configured

to remove phosphorus from the mixed liquor 24 In this example, line 72 of return

activated sludge subsystem 70 recycles the settled sludge to anaerobic zone 84. Many



9. The systemof claim1l in which the separator subsystemincludes an

ul trasoni c separator and a centrifugal separator. 10. The system of
cl aim 3 iwowhilais13ohe shear mi |l includes rotor and a stacomS2eeomUnh t he
rotor and/or the stator include slots sized as to optim ze separation of
wei ghting agent fromthe wei ghted biol ogical flocs. 11. The system
of claim1 in which the weighting agent inpregnation subsystemincludes a
wei ghti ng agent storage tank and at |east one |ine. 12. The system

of claim 11 in which the weighting agenp2i npregnation 27 rate of weighting
agent fromthe weighting agent storage tank to the weighting agent

;rrpr egnat i gfhel félible biologic f’mﬁ;{g&ﬁ S8t A T nfrhtfinSndedy Heuti2e g s kiGwivgl ght i ng
gent feeder subsystem i"ncludes a pneumatiC feeder "subsystem
those skilled in the art.

Although as shown above with reference to Figs. 1 and 9, system 10, includes
weighting agent impregnation subsystem 26, 26' which receives mixed liquor from
biological reactor 12 and then dispenses the weighted biological flocs back into the
biological reactor, this is not a necessary limitation of this invention. In other designs,
weighting agent impregnation subsystem 26, 26', may receive mixed liquor from
biological reactor 12 and dispense the weighted biological flocs between biological
reactor and the secondary clarifier. For example, system 10", Fig. 11, where like parts
have been given like numbers, may include weighting impregnation subsystem 26, 26,
similar as discussed above with reference to Figs. 1 and 4, which dispenses the weighted
biological flocs to line 137 between biological reactor 12 and clarifier 46.

In other designs, weighting agent impregnation subsystem 26, 26' may be located
between the biological reactor and the secondary clarifier. For example, system 10",
Fig. 12, where like parts have been given like numbers, includes weighting agent
impregnation subsystem 26, 26' located between biological reactor 12 and clarifier 46. In
this example, wastewater 14 may be from a brewery processing system or similar type
processing system which has a high concentration of biodegradable organic matter in the
incoming wastewater 14. In this design, system 10" may not need return activated
sludge subsystem 70, a shown in Fig. 9, because enough organisms are grown from the
removal of influent organic matter to maintain a suitable popﬁlation of microorganisms in

the mixed liquor 24.



14. The systemof claim 13 in which the pneumatic feeder subsystemincludes
porous nedi a di sposed on selected areas of the inside of the weighting
agent st owageittemiosand t he inside of the at |east one | iPO@/US2010/00242%. The
systemof claim 14 in which the pneumatic feeder subsystemis configured to
deliver a controlled supply of conpressed air to the porous nedia to

regul ate fluidization and delivery of the weighting agent to the wei ghting

agent inpregnation tank. 16. The systemof claiml1l in which the
wei ghti ng agent inpregnation subsystem hncludes an inpregnation tank and at
| east one m xer. 17. The systemof claim 1l in which the weighting

agent i npregnat hgp npest &Rahéifik Y g&eﬁte@'faf{e? E&g&vﬁi;eengﬂ;lxiél L5 SHRE Qﬁﬁgéiﬁlgﬁh%

systemof claiml1l in which a mjority o [ ng agent
particle s Wifi§ irlv%i?t?or;[, ﬂ%ﬂx@? pe"(lzgiv%n%oa B of wastewater in at last one biological reactor,

step 200, Fig. 13. Biological flocs are then formed in the biological reactor, step 202.
Weighting agent is then impregnated into the biological flocs to form weighted biological
flocs, step 204. The weighting agent is then recovered and reintroduced to step 204, step
206. The details of the operation of steps 200-206 are discussed in detail above with
reference to Figs. 1-9.

Although specific features of the invention are shown in some drawings and not
in others, this is for convenience only as each feature may be combined with any or all of
the other features in accordance with the invention. The wofds “including”,
“comprising”, “having”, and “with” as used herein are to be interpreted broadly and
comprehensively and are not limited to any physical interconnection. Moreover, any
embodiments disclosed in the subject application are not to be taken as the only possible
embodiments. Other embodiments will occur to those skilled in the art and are within the
following claims.

In addition, any amendment presented during the prosecution of the patent
application for this patent is not a disclaimer of any claim element presented in the
application as filed: those skilled in the art cannot reasonably be expected to draft a claim
that would literally encompass all possible equivalents, many equivalents will be
unforesegable at the time of the amendment and are beyond a fair interpretation of what
1s to be surrendered (if anything), the rationale uhderlying the amendment may bear no

more than a tangential relation to many equivalents, and/or there are many other reasons



19. The systemof claim1 in which a magjority of the weighting agent has a

particle size |less than about 40 p.m 20. The systemof claim1l in
whi ch a mepanittop1ms t he wei ghting agent has a particl e srrash@ssoishan about
20 p.m 21. The systemof claim1l in which said weighting agent

i ncl udes magnetite. 22. The systemof claim1 in which the

bi ol ogi cal reactor includes at | east one aeration tank and/or one or nore
sequenci ng batch reactors for receiving a fl ow of wastewater and for

i ntroducing dissolved oxygen to a popul gji on of i croorganisms to pronote
grow h of biological flocs in a mxed I1rquor defined by a concentration of
m xed | i qugr suspended lids. 23. The. system of .cl.ajm.1 in which
the at |eaS¥ agﬂ]ggaﬂp‘bqnorm% B%que&?&tgfieﬁcggg8?‘}?%1@{5?%%%&5@2‘%[“1’?%% ? 1988 anaer obi ¢
treatnment reactor. 24. The systemof claim22 further including a

f1 occul ant R} glemeBlaaenssdst em configured to introduce a floccul ant to the
m xed |iquor to enhance settling and thickening of weighted biol ogical
flocs and to provi deWAgyisshmad ison of non-i npregnat ed



29 biological flocs and/or partially inpregnated biological flocs with

wei ght ed bi ol ogi cal fl ocs. 25. The system of claim24 further

i ncl udi ngvat2oi1ieasiosone clarifier configured to collect wrhe/useiiglords

bi ol ogi cal flocs fromthe m xed |liquor and configured to provide a
secondary effluent and a settled sl udge. 26. The systemof claim1
further including a return activated sl udge subsystem configured to recycle
the majority of settled sludge to the biological reactor and/or to the

wei ghting inpregnation subsystem 7527. The system of claim11 further
including a wasting subsystem configured to waste renai ning settled sl udge
of the weighting agent recovery subsystemto control the population of the
m croorgani snms in the mxed |iquor. ML8. The systemof claim27 in

whi ch the capacity of the systemis increased by increasing the
concentration of mxed |i r suspended solids in the biological reactor by
reduci ng the anbunt Syftﬁ’g&g’é?l%sqaggnglaﬁaﬁéva\tﬁgsi? eB{f”F??e“\%@i“#g subsyst em
29. The systemof claim 27 in which the amount of settled sludge wasted by
the wasting subsystem is 3 gt igJogigRlTeasd®; t he concentration of nixed

| i quor suspended solids for enhancing nitrification of ammonia in the m xed
| i quor. a weighting agent impregnation subsystem coupled to the

biological reactor for mixing biological flocs and weighting agent to impregnate the
weighting agent into the biological flocs to form weighted biological flocs; and

a weighting agent recovery subsystem configured to recover the
weighting agent from the weighted biological flocs and reintroduce the recovered

weighting agent to the weighting agent impregnation subsystem.

2. The system of claim 1 in which the weighting agent recovery subsystem

includes a separator subsystem for separating the weighting agent from the weighted

biological flocs.

3. The system of claim 1 in which the separator subsystem includes a shear
mill.

4, The system of claim 2 in which the separator subsystem includes a

centrifugal separator.

5. The system of claim 2 in which the separator subsystem includes an

ultrasonic separator.



30 30. The systemof claim27 in which the nitrification is enhanced
by increasing the anount of dissolved oxygen introduced into the biological
react or. wo02011/0385 The system of claim 1l in which the lpcolusgiloab24zact or

i ncludes at | east one anoxic zone configured to renmove nitrogen fromthe

m xed |iquor. 32. The systemof claim11 in which the biol ogica
reactor includes at |east one anaerobic zone configured to renove
phosphorus fromthe settled sl udge. 33. The systemof claim1
further including a coagul ant addition sybsystem for addi ng coagul ant to
remove phosphorus by precipitation and/or coagul ation. 34. The
systemof claim33 in which the coagul ant addition subsystem adds to

coagul ant to the wei ghting agent inpregnation subsystem and/or the at |east

one bi ol ogi cal react and/ or .the fl occulant injection subsystemto renove
phosphorus by pPeci pilt&SYSm ShelEn ld%ﬁ’ééﬂhég? ggpatator S“gsys§§! inglydesy sheat, of

claiml1l in which the ratio of the weighting agent to a mxed |iquor is
greater thanllapdapvet dgim magnetic separator.

7. The system of claim 1 in which the separator subsystem includes a shear

mill and a centrifugal separator.

8. The system of claim 1 in which the separator subsystem includes an

ultrasonic separator and a wet drum magnetic separator.

9. The system of claim 1 in which the separator subsystem includes an

ultrasonic separator and a centrifugal separator.

10. The system of claim 3 in which the shear mill includes rotor and a stator,
wherein the rotor and/or the stator include slots sized as to optimize separation of

weighting agent from the weighted biological flocs.

11.  The system of claim 1 in which the weighting agent impregnation

subsystem includes a weighting agent storage tank and at least one line.

12. The system of claim 11 in which the weighting agent impregnation

subsystem includes a weighting agent feeder subsystem configured to control the delivery



31 suspended solids concentration | ess than about 30 ng/L. 37. The
systemof claim25 in which the weighting agent inpregnation subsystemis

| ocat ed owonstwsasestrom t he bi ol ogi cal reactor and bef oPeTiuseoiv@enzlar y
clarifier. 38. A systemfor enhancing an activated sludge process
conprising: at |east one biological reactor; a wei ghting agent
i npregnati on subsystem coupled to the biological reactor for m xing

bi ol ogi cal flogs and wei ghting agent having particle size | ess than about
100 gmto inpregnate the wei ghting agent7into the biological flocs to form

wei ght ed bi ol ogi cal flocs; and a wei ghting agent recovery
subsystem } Ne . wej ed

b1 ol ogi cal T o gfind ShehFRa%he WL Ak AR SRR =
wei ghting acent §gpat|on subsystem 39. The system of claim 38
in which alﬂ n§ the wei ghting agent has a particle size |less than
about 40 gm 40. The systemof claim38 in which a ngjority of the

wei ghting agent has a particle size |less than about 20 gm

13. The system of claim 12 in which the weighting agent feeder subsystem

includes a pneumatic feeder subsystem.

14. The system of claim 13 in which the pneumatic feeder subsystem includes
porous media disposed on selected areas of the inside of the weighting agent storage tank

and the inside of the at least one line.

15. The system of claim 14 in which the pneumatic feeder subsystem is
configured to deliver a controlled supply of compressed air to the porous media to
regulate fluidization and delivery of the weighting agent to the weighting agent

impregnation tank.

16.  The system of claim 1 in which the weighting agent impregnation

subsystem includes an impregnation tank and at least one mixer.

17. The system of claim 1 in which the weighting agent impregnation

subsystem includes a venturi mixer/eductor.

18.  The system of claim 1 in which a majority of the weighting agent has a



32 41. A nethod for enhancing a wastewater treatnent process, the nethod
conpri si ng: a) receiving influent wastewater in at |east one
bi ol ogi cavoneraBeds b) form ng biological flocs in the Ppcolusgiloab24nact or
c) inpregnating weighting agent into the biological flocs to form weighted
bi ol ogi cal flocs; and d) recovering weighting agent fromthe
wei ght ed biological flocs to reintroduce the weighting agent to step c).

28

particle size less than about 100 um.

19. The system of claim 1 in which a majority of the weighting agent has a

particle size less than about 40 um.

20. The system of claim 1 in which a majority of the weighting agent has a

particle size less than about 20 pm.

21. The system of claim 1 in which said weighting agent includes magnetite.

22.  The system of claim 1 in which the biological reactor includes at least one
aeration tank and/or one or more sequencing batch reactors for receiving a flow of
wastewater and for introducing dissolved oxygen to a population of microorganisms to
promote growth of biological flocs in a mixed liquor defined by a concentration of mixed

liquor suspended solids.

23.  The system of claim 1 in which the at least one biological reactor is

configured as at least one anaerobic treatment reactor.

24.  The system of claim 22 further including a flocculant injection subsystem
configured to introduce a flocculant to the mixed liquor to enhance settling and

thickening of weighted biological flocs and to provide agglomeration of non-impregnated



42. The nmethod of claim 41 further including the step of separating the

wei ghting agent fromthe wei ghted biological flocs. 43. The nethod of claim
41 furthewoizotlo3tiong t he step of coll ecting the wei ghti RgTASe/0023d3
recycling the weighting agent to step c). 44.The nethod of claim4l further
I ncluding the step of providing weighting agent in which the majority of
the wei ghting agent has a particle size |l ess than about 100 Jim 45. The

met hod of claim4l further including the step of providing weighting agent
in which the majority of the weighting fgent has having a particle size

| ess than about 40 pm

biological flocs and/or partially impregnated biological flocs with weighted biological

flocs.

25.  The system of claim 24 further including at least one clarifier configured
to collect the weighted biological flocs from the mixed liquor and configured to provide a

secondary effluent and a settled sludge.

26.  The system of claim 1 further including a return activated sludge
subsystem configured to recycle the majority of settled sludge to the biological reactor

and/or to the weighting impregnation subsystem.

27.  The system of claim 1 further including a wasting subsystem configured to
waste remaining settled sludge of the weighting agent recovery subsystem to control the

population of the microorganisms in the mixed liquor.

28.  The system of claim 27 in which the capacity of the system is increased by
increasing the concentration of mixed liquor suspended solids in the biological reactor by

reducing the amount of the settled sludge wasted by the wasting subsystem.

29.  The system of claim 27 in which the amount of settled sludge wasted by
the wasting subsystem is reduced to increase the concentration of mixed liquor suspended

solids for enhancing nitrification of ammonia in the mixed liquor.



33 46. The nethod of claim4l further including the step of providing
wei ghting agent in which the majority of the weighting agent has having a
particl e wozellss®st han about 20 gm 47. The net hedTafS2aiadzmsll
further including the step of introducing dissolved oxygen to a popul ation
of m croorganisns to pronote growth of biological flocs in a mxed |iquor
defined by a concentration of m xed |iquor suspended solids. 48. The
met hod of claim47 further including the step of introducing a floccul ant
to the mxed liquor to enhance settlingsgnd thickening of the weighted

bi ol ogi cal flocs and to establish aggl oneration of non-inpregnated

bi ol ogi cal flocs and/or partially inpregnated biological flocs wth the
wei ght ed bi ol ogi cal fl ocs.

30.  The system of claim 27 in which the nitrification is enhanced by

increasing the amount of dissolved oxygen introduced into the biological reactor.

31.  The system of claim 1 in which the biological reactor includes at least one

anoxic zone configured to remove nitrogen from the mixed liquor.

32.  The system of claim 1 in which the biological reactor includes at least one

anaerobic zone configured to remove phosphorus from the settled sludge.

33.  The system of claim 1 further including a coagulant addition subsystem

for adding coagulant to remove phosphorus by precipitation and/or coagulation.

34. The system of claim 33 in which the coagulant addition subsystem adds to
coagulant to the weighting agent impregnation subsystem and/or the at least one
biological reactor and/or the flocculant injection subsystem to remove phosphorus by

precipitation and/or coagulation.

35.  The system of claim 1 in which the ratio of the weighting agent to a mixed

liquor is greater than about 1:5 to 1.

36.  The system of claim 25 in which the secondary effluent has a total
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suspended solids concentration less than about 30 mg/L.

37. The system of claim 25 in which the weighting agent impregnation
subsystem is located downstream from the biological reactor and before the secondary

clarifier.

38. A system for enhancing an activated sludge process comprising:

at least one biological réactor;

a weighting agent impregnation subsystem coupled to the biological
reactor for mixing biological flocs and weighting agent having particle size less than
about 100 um to impregnate the weighting agent into the biological flocs to form
weighted biological flocs; and

a weighting agent recovery subsystem configured to recover the weighting
agent from the weighted biological flocs and reintroducing the recovered weighting agent

to the weighting agent impregnation subsystem.

39.  The system of claim 38 in which a majority of the weighting agent has a

particle size less than about 40 pm.

40.  The system of claim 38 in which a majority of the weighting agent has a

particle size less than about 20 pm.
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41. A method for enhancing a wastewater treatment process, the method

comprising:

a) receiving influent wastewater in at least one biological reactor;

b) forming biological flocs in the biological reactor;

c¢) impregnating weighting agent into the biological flocs to form weighted
biological flocs; and

d) recovering weighting agent from the weighted biological flocs to

reintroduce the weighting agent to step c).

42. The method of claim 41 further including the step of separating the

weighting agent from the weighted biological flocs.

43. The method of claim 41 further including the step of collecting the

weighting agent and recycling the weighting agent to step c).

44. The method of claim 41 further including the step of providing weighting
agent in which the majority of the weighting agent has a particle size less than about 100

pm.

45.  The method of claim 41 further including the step of providing weighting
agent in which the majority of the weighting agent has having a particle size less than

about 40 pm.
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46.  The method of claim 41 further including the step of providing weighting
agent in which the majority of the weighting agent has having a particle size less than

about 20 pm.

47.  The method of claim 41 further including the step of introducing dissolved
oxygen to a population of microorganisms to promote growth of biological flocs in a

mixed liquor defined by a concentration of mixed liquor suspended solids.

48. The method of claim 47 further including the step of introducing a
flocculant to the mixed liquor to enhance settling and thickening of the weighted
biological flocs and to establish agglomeration of non-impregnated biological flocs

and/or partially impregnated biological flocs with the weighted biological flocs.



