SEWAGE TREATMENT APPARATUS Technical Field The present
invention relates to a sewage treatnent apparatus, and nore
particularly, to a sewage treatnent apparatus which does not only
supply high quality treated water with uni formdiffusion of

m croorgani sm m xed | i quor suspended solids (M.SS) and organic
matters during hydraulic retention tinme (HRT), but also provides the
target quality of treate i-vel Vst ijng changes in the
quality of inflow water gﬁgﬁ%ﬁgﬁﬂgﬁgfgﬁﬁgxfﬂéy%$§iggén and phosphorus
wi thout the need for internal recycling. Background Art
Conventional ly, sewage and wastewater are treated to an appropriate

| evel of a chem cal oxygen demand (COD) and a bi ol ogi cal oxygen
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ni trogen and phosphorus within the sewage, regulations for the anmount
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froma sewage treatnent apparatus have been introduced and are

becomni ng paotienlatlyi tyerewage treatmeaheppdratus whichcdodst yotf @rly supply high
bi ol ogi cally processing nitrogen and phosphorus in the wastewater or
sewage caonslity srautal bvaver adtho unafodma d sfuliione mifatiooot ganksm Théexed liquor
bi oreactor is conprised of an anaerobi c zone, an anoxic zone, an

aer obi ¢ zosggndadkdlide (MkBS) andtdrgacienniattatsi durihgérydedulic retenticho time
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pl ace in the aerobic zone, nitrate, which is a result of the
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and phosphorus without the need for internal recycling.

Background Art

Conventionally, sewage and wastewater are treated to an appropriate
level of a chemical oxygen demand (COD) and a biological oxygen demand
(BOD), but with the rising issue of eutrophication due to nitrogen and
phosphorus within the sewage, regulations for the amount of nitrogen and
phosphorus contained in the treated water discharged from a sewage treatment
apparatus have been introduced and are becoming more stringent.

Generally, a facility for biologically processing nitrogen and phosphorus
in the wastewater or sewage consists of"a bioreactor and a sedimentation tank.
The bioreactor is comprised of an anaerobic zone, an anoxic zone, an aerobic
zone, and the like, or the combination thereof.

To biologically process nitrogen, an aerobic zone and an anoxic zone are
primarily required, and once the oxidation of ammonia nitrogen takes place in

the aerobic zone, nitrate, which is a result of the oxidation, is denitrified to



ni trogen gas by heterotrophic m croorganisns that use the nitrate as
el ectron acceptor in the anoxic zone, and thereby the nitrate is

r enoved. Further, to biologically process phosphorus, an
anaerobi ¢ zone and an aerobic zone are primarily required. Phosphate
accurul ati ng organi snms (PAGs) that accunul ate phosphorus within their
cell s synthesize pol yhydroxy al kanoate (PHA) using volatile organic
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PAGs accunu or us in their cells in the aerobic zone
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DNR system Referring to FIG 1, the conventional sewage.
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t he sl udgBosphorus is removed from the treated water.

Facilities for simultaneously biologically treating nitrogen and
phosphorus have been developed using these principles, and examples of such
facilities are illustrated in FIGS. 1 and 2.

FIG. 1 is a schematic diagram of a conventional sewage treatment plant
using A,O system and FIG. 2 is a schematic diagram of a conventional sewage
treatment plant using DNR system.

Referring to FIG. 1, the conventional sewage treatment plant using A,O
system has a relatively simple structure, consisting of an anaerobic reactor, an
anoxic reactor, an aerobic reactor, and a sedimentation tank, which are
sequentially arranged, so as to remove nitrogen and phosphorus from sewage.

In A,O system, sludge may flow back into the anaerobic reactor, into
which the sewage flows, from the sedimentation tank through a return sludge
pipe, and thus there may be a problem of reduced efficiency of phosphorus

removal due to quite a quantity of nitrate contained in the sludge.

That is, since organic acids contained in the influent sewage and readily



That is, since organic acids contained in the influent sewage and
readi |l y bi odegradabl e COD are consumed by denitrifying mcroorgani sns
before being used by PAGs in the anaerobic reactor, the PAGCs cannot
synt hesi ze a sufficient anount of PHA within their cells in the
anaerobic reactor, and are thus unable to absorb phosphorus in the
aerobic reactor, and consequently the phosphorus cannot be renoved
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a nethod (Korean Patent Registration No, 375413) of providing
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reactor, and hence there is a limtation in phosphorus renoval
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the DNR system has been devel oped by changing the | ayout of an
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includes more additional bioreactors has been developed. In addition, a method
(Korean Patent Registration No. 375413) of providing additional external carbon
sources to a system to increase RBCOD content within an anaerobic reactor and
thereby removing nitrogen and phosphorus has been introduced.

However, the above-suggested methods still have a fundamental
problem that returns sludge containing nitrate from the sedimentation tank to the
anaerobic reactor, and hence there is a limitation in phosphorus removal
efficiency.

As a solution for the drawbacks identified above, the DNR system has
been developed by changing the layout of an anaerobic reactor and an anoxic
reactor in the A,O system in such a manner that sludge in a sedimentation tank
is returned to anoxic reactor 1, instead of being returned to the anaerobic reactor,

which has been believed as the fundamental problem of the A,O or similar

systems. In addition, as shown in FIG. 2, the DNR system includes an



addi ti onal anoxic reactor 2, and hence consists of anoxic reactor 1,
t he anaerobi c reactor, anoxic reactor 2, the aerobic reactor, and the
sedi nentation tank which are arranged in this order. In the
sewage treatnent plant using DNR system shown in FIG 2, since
nitrate contained in sludge of the sedinmentation tank is transferred
to the anaerobic reactor after denitrification in anoxic reactor 1,
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treatment of general domestic sewage, a speed of denitrification using organic
matters in the influent water is 0.04~0.15g NO;3--N/gVSS (volatile suspended
solid)/day, whereas it is known that a speed of denitrification by endogenous
respiration of the POAs is only about 20% to 50% of the nitrification using
organic matters in the influent water.

Hence, there is a need for a new sewage treatment apparatus which not
only supplies high quality treated water with uniform diffusion of
microorganism mixed liquor suspended solids (MLSS) and organic matters
during hydraulic retention time (HRT), but also provides the target quality of

treated water by adaptively treating changes in the quality of inflowing water

and properly removing nitrogen and phosphorus without internal recycling.



Techni cal Sol ution The present invention provides a sewage
treatnment apparatus including: a grit chanber configured to renove
solids and renpove contam nants of high specific gravity frominfl uent
sewage by settling the contam nants to a bottom a prinmary

sedi nentation tank configured to renove floating substances of |ow
specific gravity from sewage passing through the grit chanber by
settlingT%a§i%hqﬂ%hﬂgnsubstances to a bottom a bioreactor configured
to biologircally process sewage passing through the prinmary
sedinentation,fank'.agd a tEcondarg.seditmsnt tion Hﬁnk confiqur§d tp
filter out act!VaPBifc Wﬁd’gﬁ F PO e WRAYE PASSi NP PRI CUGRFRES Treatmen
bi oreactor, feed aerobic m croorgani back to the bioreactor, .and
filter ofPPHPESOMANIE TOF RIS THRSHES cBieh: QHELPI GSPS JHoLste Tt rgiform
bi oreactqr_is configured to conprise a first aerobic reactor .
conf i gur 844301 oé FnicroprarigayB i ps HaRgT swpsnged saladp MikeyS) and organic
sedi nentation tank, an anoxic reactor configured to process sewage
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to treat sewage passing through the anoxic reactor and a second
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reactor, and the first aerobic reactor receives influent water from
t he pri mwajerseat eopealy oemoamg cotmogat eddwhdsphhmsf imigbouaghebiasd for
reactor and returned water fromthe secondary sedi mentation tank for
mai nt ai nimgrnfaheeayatihgr of m croorganisns in the first aerobic
reactor, the secondary sedinentation tank being disposed in a
different direction fromthe primary sedi nentation tank, and includes
a flash mxer to quickly mx the influent water and the returned

wat er.  Technicall®1sg¥@ge treatment apparatus may further include an
anoxi c-reactordedi cated i nfluent feed pipe configured to conprise a
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anoxi c rgactor. e sewage treatnent apparatus may further
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conprise a plurality of second nozzles arranged at regul ar and
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anaerobi c reactor. , , _
sedimentation tank configured to filter out activated sludge from sewage passing

through the bioreactor, feed aerobic microorganisms back to the bioreactor, and
filter out dissoluble sludge from resultant liquid, wherein the bioreactor is
configured to comprise a first aerobic reactor configured to treat the sewage
passing through the primary sedimentation tank, an anoxic reactor configured to
process sewage passing through the first aerobic tank, an anaerobic tank
configured to treat sewage passing through the anoxic reactor and a second

aerobic reactor to treat sewage passing through the anaerobic reactor, and the



The sewage treatnment apparatus may further include an

anaer obi creact or-dedi cated sl ow m xer placed in the anaerobic reactor
and configured to slowy mx treated water in the anaerobic reactor
and to thereby maintain a substantially uniformconcentration of
phosphorus renoval m croorgani snms throughout the entire treated water
wi thin the anaerobic reactor. The sewage treatnent apparatus

may further |nc% | east on a r vrded to
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into the corresponding aerobic reactor froma ventilator.
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reactor, the anoxic reactor, the anaerobic reactor, and the second
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forth in the description which follows, and in part will be apparent
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influent feed pipe to supply organic sources required for denitrification to an
inside of the anoxic reactor.

The sewage treatment apparatus may further include an anoxic-reactor-
dedicated slow mixer placed in the anoxic reactor and configured to slowly mix
treated water in the anoxic reactor and to thereby maintain a substantially
uniform concentration of denitrifying microorganisms throughout the entire
treated water within the anoxic reactor.

The sewage treatment apparatus may further include an anaerobic-
reactor-dedicated influent feed pipe configured to supply carbon sources
required for action of phosphorus removal microorganisms to an inside of the
anaerobic reactor and to comprise a plurality of second nozzles arranged at
regular and uniform distances from one another on a circumference of the
anaerobic reactor.

The sewage treatment apparatus may further include an anaerobic-

reactor-dedicated slow mixer placed in the anaerobic reactor and configured to

slowly mix treated water in the anaerobic reactor and to thereby maintain a



Advant ageous Effects Accordi ng to exenpl ary enbodi nents of the
present invention, a sewage treatnent apparatus does not only supply
high quality treated water with uniformdiffusion of m croorganism
m xed |iquor suspended solids (M.SS) and organic matters during
hydraulic retention tine (HRT), but also provides the target quality
of treated water by adaptively treating changes in the quality of
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sewage tpgé\flﬁghttomfglml ﬂls§tﬁbl ;@ggogygf) in t e second aerobic reactor and

configured to prevent overflow and maintain an effluent flow velocity of treated
water of the second aerobic reactor within a predetermined range and to thereby
increase a nitrification rate.

The first aerobic reactor and the second aerobic reactor may include a
first air diffuser and a second air diffuser, respectively, and each air diffuser may
include a number of air holes through which air flows into the corresponding
aerobic reactor from a ventilator.

A number of bulkheads may be provided between the first aerobic reactor,
the anoxic reactor, the anaerobic reactor, and the second aerobic reactor, and a
number of treated water flowing grooves are formed on the respective bulkheads
in such a manner that they are arranged in an up- and down-stream direction
wherein the grooves appear alternately on upper and lower portions of the
corresponding bulkheads.

Additional features of the invention will be set forth in the description
which follows, and in part will be apparent from the description, or may be

learned by practice of the invention.

Advantageous Effects
According to exemplary embodiments of the present invention, a sewage
treatment apparatus does not only supply high quality treated water with uniform

diffusion of microorganism mixed liquor suspended solids (MLSS) and organic



FIG 2 is a schematic diagramof a conventional sewage treatnment
pl ant using DNR system FIG 3 is a diagramillustrating a
sewage treatnent systemincluding a sewage treatnent apparatus
according to an exenpl ary enbodi nent of the present invention.
FIG 4 is a diagramillustrating a top view of a sewage treatnent
apparatus according to an exenpl ary enbodi nent of the present
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water and properly removing nitrogen and phosphorus without internal recycling.

Description of Drawings

The accompanying drawings, which are included to provide a further
understanding of the invention and are incorporated in and constitute a part of
this specification, illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.

FIG. 1 is a schematic diagram of a conventional sewage treatment plant
using A,O system.

FIG. 2 is a schematic diagram of a conventional sewage treatment plant
using DNR system.

FIG. 3 is a diagram illustrating a sewage treatment system including a
sewage treatment apparatus according to an exemplary embodiment of the
present invention.

FIG. 4 is a diagram illustrating a top view of a sewage treatment
apparatus according to an exemplary embodiment of the present invention.

FIG. 5 is a diagram illustrating a longitudinal section profile of the

sewage treatment apparatus of FIG. 4.

Explanation of Reference numerals designating the Major Elements of the
Drawings

10: First air diffuser 12: Flash mixer



21: Anoxic-reactor-dedicated influent feed pipe 22: First nozzle 23:
Anoxi c-reactor-dedi cated sl ow m xer 31: Anaerobic-reactor-dedicat ed

I nfl uent feed pipe 32: Second nozzle 33: Anaerobic-reactor-dedicated
sl ow m xer 40: Second air diffuser 11,41: Air hole

21: Anoxic-reactor-dedicated influent feed pipe
22: First nozzle

23: Anoxic-reactor-dedicated slow mixer

31: Anaerobic-reactor-dedicated influent feed pipe
32: Second nozzle

33: Anaerobic-reactor-dedicated slow mixer

40: Second air diffuser

11,41: Air hole

51~54: Bulkhead 60: Partition

Mode for Invention

Hereinafter, exemplary embodiments of the present invention will be
described with reference to the accompanying drawings.

FIG. 3 is a diagram illustrating a sewage treatment system including a
sewage treatment apparatus according to an exemplary embodiment of the
present invention.

Referring to FIG. 3, a general sewage treatment system mainly includes a
grit chamber, a primary sedimentation tank, a bioreactor, and a secondary
sedimentation tank, and sewage and wastewater is discharged after passing
through these basins for treatment.

FIG. 3 illustrates an example of a typical sewage treatment system, and
the system may further include an additional chamber according to conditions of
the area and a quality of water. For example, the system may further include an
additional chamber for removing chlorine from sewage. Configurations of each

tank will be described in brief.



51-54: Bul khead 60: Partition Mdde for Invention Her ei nafter,
exenpl ary enbodi ments of the present invention will be described with
reference to the acconpanyi ng draw ngs. FIG 3 is a diagram
illustrating a sewage treatnent systemincluding a sewage treatnment
apparatus according to an exenplary enbodi ment of the present

I nventi on. Referri ng to FIG 3, a general sewage t reat ment
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described in brief. . ) _ ] _
The primary sedimentation tank is regarded as a physical treatment, in

which sedimentation of floating particles of low specific gravity takes place and
floating grease and lighter particles are removed.

The bioreactor is also called an aerobic tank or a biological treatment
tank. FIGS. 1 and 2 show a configuration of a bioreactor according to the
related art, and the sewage treatment apparatus which will be described
hereinafter in detail is a bioreactor. The sewage treatment apparatus as a
bioreactor will be described later with reference to FIGS. 4 and 5.

In the secondary sedimentation tank, activated sludge is filtered out and
aerobic microorganisms are fed back to the bioreactor, and suspended sludge is

- removed. The activated sludge is a mixture of sediment produced during
dissolving stage and microorganisms. The aerobic microorganisms use oxygen
in the decomposition of organic substance to obtain energy.

FIG. 4 is a diagram illustrating a top view of a sewage treatment
apparatus according to an exemplary embodiment of the present invention. FIG.
5 is a diagram illustrating a longitudinal section profile of the sewage treatment
apparatus of FIG. 4.

As shown in FIGS. 4 and 5, the sewage treatment apparatus includes a
grit chamber, a primary sedimentation tank, a bioreactor, and a secondary
sedimentation tank. The grit chamber may remove solids and the contaminants

of high specific gravity by allowing the contaminants to settle to the bottom.
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The grit chanber filters out |arge volume solid waste, such as

pl asti c bags, paper, and wooden debris, from sewage and all ows heavy
solids, such as sand and gravel, to settle to the bottomwhile the

i nfl uent sewage passes through a nmesh screen. The primary
sedimentation tank is regarded as a physical treatnent, in which
sedi mentation of floating particles of |ow specific gravity takes
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| ongi t udprialarg essidimmantatiofii tamkofart heosewaeptdr eat treatt tlep pawagelpassing
FIG 4. As shown in FIGS. 4 and 5, the sewage treatnent
appar at uthrbugh ttefirs agrdtic edwndie an ada@obi®rescedo Nt did sywdganjassiag
bi oreactor, and a secondary sedi nentation tank. The grit chanber may

renove Sﬂirbﬁigh anél ahbLicCrat®m] Mad e @EcdidiiersPRCdalordioantitythRYsewage

all owi ng the contam nants to settle to the bottom
passing through the anaerobic reactor, and these reactors are arranged close to
each other in the direction of sewage treatment flow. Hence, the bioreactor of
the sewage treatment apparatus according to the exemplary embodiment of the
present invention includes four steps including the first aerobic reactor, the
anoxic reactor, the anaerobic reactor, and the second aerobic reactor, which are
closely arranged close to each other.

For convenience of illustration, no particular reference numerals are
assigned to the first aerobic reactor, the anoxic reactor, the anaerobic reactor,
and the second aerobic reactor. The roles and configurations of each reactor
will be described below.

The first aerobic reactor is a reactor which provides an environment for
microorganisms to decompose contaminants (organic matters, etc.) under
aerobic condition (where oxygen exists). For example, an aquarium may be

such an aerobic reactor, and oxygen is constantly supplied to the first aerobic

reactor, and thereby the contaminants can decompose.
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Lighter solids of |low specific gravity settle at the bottom of the
primary sedi nentation tank, thereby being renoved fromthe sewage
influent fromthe grit chanber. The bioreactor biologically treats

t he sewage havi ng passed through the primary sedi nentation tank, and
t he secondary sedimentation tank filters activated sludge fromthe
effluent of the bioreactor and feeds back aerobic m croorganisns to

the bi oreact OrT]%@'ﬁgstf | b Sl éf ﬁgfér‘égzgﬁrél 4P 98rusERe O%Rﬁ%aﬁ%rﬁ?%ru%%

includes a first aerobic reac he sewage passi ng
t he primar di tation ft.a an oxi ¢ .reactor ta treat the.sewage
passi g e B T ephERT AR Spe s AR foed SRELRGL TS FeacPEAEY

treat the se e passing thrgugh the oxi c _reactor nd the second
her obi ¢ NERETG ChER ety nphd 1AL o ALST Ty PGSR Tho RGP D CROL
reactor, and these reactors are arranged close to each other in the
di recti oﬁemssgléﬁbﬁguﬁqﬁe@t hErbONE RS ABrAtE DI e iRy rReaogi a6 insfiad of
sewage treatnent apparatus according to the exenplary enbodi nent of

t he pres@ﬁiﬁfﬂﬁﬁh@ﬂgﬁeThgiudes four steps including the first aerobic
reactor, the anoxic reactor, the anaerobic reactor, and the second
aer obi ¢ react ofhe st laeerbac aleagter yregeivahdadiuenv seateno fecar Hhet pesmected
For convenience of illustration, no particular reference nunerals are
assi gnedptrimarfie fedimentatioobitenk eaudor rettinedanwsaier rizamt othe t $eondary
anaerobi c reactor, and the second aerobic reactor. The roles and

conf i gur atdiorentaforetank, mdach av dispbsedom dekitferdnedliteetion.from the hremary
first aerobic reactor is a reactor which provides an environnment for
m cr oor gaadisretdtiormleakpose te andiatainan suhbdegannt croirgalisms éh ¢he first
under aerobic condition (where oxygen exists). For exanple, an

aquar i umaempidecsteh arheafiFgiegobieathotor 1AEIAdOX YBER rhikefP NS ttanddi¥kly
supplied to the first aerobic reactor, and thereby the contam nants

can decopRR9Re influent waterT R {Hel Rturf8d KRtér. ' GBFLRIngd REFLEISS tRe Fdthiled
air diffuser 10 with a nunber of air holes 11 through which the air

flows i nbaedeold 8 sBEIRRALY se8RFEMALISE QMR 1Y 8Nl daftt Gbr MMiG AR Be

illustrated. However, the present invention is not necessarily

limted - aj : provi ded i nstead of

t he firs%9@%??8?P§§§Q;Q€%QBQuﬁﬂﬁ:&%ﬁ f?g?xggﬁgbic reactor receives
i nfluent wat ermfr t c . Ord : di af i

returned wat erTl{er g%%hf %Zxégg%ﬁsd}g@yld;égdl rr@%]/l'? g@l %‘h?m an nfﬂl\%ﬁl{ gj%%?rga{}% the
di sposed_i.n_a different direction fromthe prinmary sedjnentation
k. sorailbg” Watsht S b TARHRLF hilf off ERIrLRECR, TENuRy | f2, e
aerobic reactor. .The fi&st gagfb'c react or include% fl.ash nixenﬁ 2
to qui ckMCIOREANIMS nio ferd COREOFf OB Sr AR fatir Whigh F‘#@
to FIG 3, the returned water fromthe secondary sedi nentatjon tank
s a meallEreenisan 8 ?lﬁgf PRRANHURSEET BEIng BtRibiedaliPEnEici iRt pafdt
aerobi c reactor. . The flash m xer 12 is provided to quickly m x
t he i nfl {rem theapamagn gedimentaliqiy (ol ans: e rsiraed pwaterdram gxeeﬂeyoaqi@at e
an environnent optimal for the mcroorganisnms to feed and deconpose
organi c seimentation \aile hargo|aybnly i digiridaitedht to dndlogitdl oifleal goe g dn
matter being supplied fromthe influent water fromthe primry

sedi ment suspensibankn dhd fihd aeobinedastar emd tencbhea sewibomidyy dispersed
sedi mentation tank are evenly distributed to biological floc grow ng
i N suspeosia@ntration hef érgasic amtiebiia theafitsvracastdctirectebyis achidviedr mMThe
di spersed concentration of organic matter in the first aerobic
reactor flastaghik@Elmayhte 4d agtutor whosdmotdyspeed adirmgedsaior whose

not or speed i s increased.

The flash mixer 12 may be, but not necessarily, disposed inside a
partitioned area 13 which includes an opening 14 in the first aerobic reactor.

The opening 14 may be preferably formed on a lower portion of a bulkhead 15

12



The flash m xer 12 may be, but not necessarily, disposed inside a
partitioned area 13 which includes an opening 14 in the first aerobic
reactor. The opening 14 nmay be preferably forned on a | ower portion
of a bul khead 15 in the aerobic reactor. A first bul khead 51
is formed between the first aerobic reactor and the anoxic reactor,
including a first treated water flow ng groove 51la on its upper

portion.~F€B§ : ed water fromthe first aerobic reactor flows
into the' |rg%etr§%t8xr;e%&r8%actor through the first treated water flow ng

groove 5la on e u rd i one of e fi r obj actor.
| eadi ng t he fl‘lc‘)\?vlrgtf Bﬁﬁ%e&?é&{t %df O\%%’tegrkb elt\fﬁveéalﬂh%glﬁ%r éeglog)%c eiag{r?,r %ﬁiethe
retention ti.ne of water ji.n the firs erobi g reactor ey be .

e m zedRosqeaial B bedilicchret i Salstulia ThoBf Oty b o di Ve
fromthe water icﬁfl ent to the anoxic reactor i%.Mich t act.i on of
deni tri f PPHEP M §ahteatede YA B e He HEPT AfRePIEHEAETOF | 19 %h dYtoothe
m xi ng oxygen wi.th the sewage may_be increased. ) The anoxi c
react or Fi&StaanQXae reRctor thieeh therfinst itrqated Poteroflovaia gy enr i ? ion &
m xed |iquor suspended solids (MSS) takes place. The anoxic reactaor
i s connetPRY DRHIPNapL Hifokiry- wsabicoreagioi c Byeleaiinfg thenfloveet thy feated
having a nunber of first nozzles 22. The anoxic-reactor-dedicated

i nf | uent Wagssdimiapeupper ndiyedsigmp| the oregemiion sime eéswateyunridg fieat adrebic
denitrification to the anoxic reactor through the first nozzles 22.
In this castr mhebamoxiictizahendrthdeticchtmdcal wixlygemtefead (BiOi2) @dyibs
di sposed al ong the circunference of the anoxic reactor so as to

uni f or m yemle¥ddv éfont hiee ovagemnidflismitirto ethet anotxlie reavood i mdach ohe aatidntdfe
first nozzles 22 are arranged at uniform di stances from each other on

the peri getiéfifyahg thfcrodigatiBnis fceedbidapedttd, and theTbeficvog G fr fACINGr
i ncl udes anoxi c-reactor-dedi cated slow m xers 23 to slowy mx the

treated wai@m WathWRe BERhSe HA§ teulsiaabéd.al |y uniform concentration of

denitrifying mcroorgani sns throughout the treated water in the

anoxi ¢ The anoxic reactor is a reactor in which denitrification of returned
nitrified mixed liquor suspended solids (MLSS) takes place. The anoxic
reactor is connected with an anoxic-reactor-dedicated influent feed pipe 21
having a number of first nozzles 22. The anoxic-reactor-dedicated influent
feed pipe 21 may supply organic sources required for the denitrification to the
anoxic reactor through the first nozzles 22.

In this case, the anoxic-reactor-dedicated influent feed pipe 21 is
disposed along the circumference of the anoxic reactor so as to uniformly
deliver the organic sources to the anoxic reactor, and the first nozzles 22 are
arranged at uniform distances from each other on the perimeter of the influent
feed pipe 21.

The anoxic reactor includes anoxic-reactor-dedicated slow mixers 23 to

slowly mix the treated water to maintain the substantially uniform concentration

of denitrifying microorganisms throughout the treated water in the anoxic
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reactor. The anoxi c-reactor-dedicated slow m xer 23 refers to
a mxer with a slower notor speed than that of the flash m xer 12.
The operation of the slow m xer 23 contributes to naintaining the
uni form concentration of m croorgani snms throughout the entire area of

the anoxic reactor. As schematically illustrated in draw ngs, the
anoxi c-reactor-dedicated slow m xers 23 have a nunber of agitating
bl ades 2 ording to the height. A second bul khead 52 is

provi ded between the anoxic reactor and the anaerobic reactor, and a
second {1 eat edpuat,ar, f1.0Wlag 8500¥S 3R iSibPIT Q0 % |OWRLPYrH O
of the second bul Knea CThe treat ed watér fTomtHe anoxiC reactor
flows into the anaerobic¢ reactor through .the secaond treated ter
f1 owi ng BB dne2a REd fein kPt s fagh mixer 12°TRBE oeBlihy of sdtiow:
is a react.or mgich &{o%ides an environnment for njcroorgani sps .to ¢
deconposBiEEt &Ri nSHRIECRHSgalfl ¢ TRARtALNEE efhe ) UgHaER a Bigpon o
condition (where no oxygen exists). A septic tank is an exanple of
t he anaePBBi0OIgaMENdr thronghoyts the henliffactehi f r BictBIOXIS EagHIy &S
process organic matters using mcroorgani sns that inhabit anaerobic
envi r onneehematigadlyi dlugiratedr g dragiinghehaanenicreastostdndiqated Ry apxers
aeration unit is not provided since oxygen is inhibited.
Addi t i ondB Ihpye a mIOlwrdeagitating dhades 2Bhecaobng bl therleaghtor i s
mai nt ai ned to an anaerobic | evel such that phosphorous renoval
bacteria or mAmrecrmhbuliiwada? iebsasdephesptor the asoxmaleactsr podsthisl e
in the anaerobic reactor so as to be able to excessively consune the
r el easedajdwspicakustor,mridne sexexid teeaed oratert flewiecgodvasrahs omeatdnn.
The anaerobic reactor is connected with an
anaer obi pow@&agé@londediltat&dnd bulkhead 52. The treated water from the anoxic
reactor flows into the anaerobic reactor through the second treated water flowing
groove 52a at the lower portion.

The anaerobic reactor is a reactor which provides an environment for
microorganisms to decompose contaminants (organic matters, etc.) under
anaerobic condition (where no oxygen exists). A septic tank is an example of
the anaerobic reactor. That is, the anaerobic reactor is a unit to process organic
matters using microorganisms that inhabit anaerobic environments, and it differs
from the aerobic reactor in that an aeration unit is not provided since oxygen is
inhibited.

Additionally, a DO concentration in the anaerobic reactor is maintained
to an anaerobic level such that phosphorous removal bacteria or microorganisms
can release phosphorus as much as possible in the anaerobic reactor so as to be
able to excessively consume the released phosphorus in the next reactor, the

second aerobic reactor.

The anaerobic reactor is connected with an anaerobic-reactor-dedicated
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i nfluent feed pipe 31 which includes a nunber of second nozzles 32.
The anaerobi c-reactor-dedicated influent feed pipe 31 acts to feed
carbon sources required for the action of phosphorous renoval
bacteria or m croorgani sns to the anaerobic reactor. In this
case, to evenly disperse the carbon sources in the anaerobic reactor,
the influent feed pipe 31 is disposed along the circunference of the

anaer obi ¢, cagt flq 5’1@9 ﬁp%ﬂcﬂrﬁ%i&dﬁésoi n%ﬁfc%‘?domé ngtsﬁgleé% %2,  The

arranged at regular and uniform di stances om eac on the

i met f the infl f [ 1. Th
Bnaer obi eapaskEresRionBloadr TR AL al0E o ostt afestoaonrie st
Feca pi peired 1t sl ot PHSPHOREUS RGO bl e Pha B i gaBlemin®

anaer obi ¢c-react or.-dedi cated sl ow m xer 33 to slowy mx treated water
in the affef5TIFESBT such that a concentration of phosphorous
renoval bacteria qor m croorganjsns can be substantially uniform over
the treated wdfethis (fagmeteyfYspbbidispesssctlyy camipn sptcss iiBnthsr anagobicow
m xer 33 may contribute to maintaining the uniform concentration of
m cr oor gagfickers theyinflyeufeedhpipent ie disnesedtleng dhe teprcuntipeence of the
anaer obi c-reactor-dedi cated sl ow m xer 33 may be the sane as the
anoxi cr easagspbigaghctar.eahdsthowlnialdy odFecond nozzles AR rade lbrriakpehdt BZubaty
be provi ded between the anaerobic reactor and the second aerobic
react or, anddnifochulistanceshironh ¢achaitber oatler périmeiengpfdhomftudddeat pape
upper portion. The treated water in the anaerobic reactor flows into
t he secofd. adhelinacrobactenctdhdalicted hefltdritrided pésd 2t mwat Be ohltheisame
groove 53a. The second aerobic reactor is provided to maxi m ze

a nitrifiigatkon diffi¢rent Ratfrons thd MoHacteitoRdediciiediontuagacsdpigdat.

have rel eased phosphorus in the anaerobic reactor are encouraged to

consune as NMUQh 2BBREH) PO HBacREHIRAEREBE Encludes an anaerobic-reactor-dedicated
slow mixer 33 to slowly mix treated water in the anaerobic reactor such that a
concentration of phosphorous removal bacteria or microorganisms can be
substantially uniform over the treated water in the anaerobic reactor.  The
operation of the slow mixer 33 may contribute to maintaining the uniform
concentration of microorganisms throughout the entire anaerobic reactor. The
anaerobic-reactor-dedicated slow mixer 33 may be the same as the anoxic-
reactor-dedicated slow mixer 23.

A third bulkhead 53 may be provided between the anaerobic reactor and
the second aerobic reactor, and include a third treated water flowing groove 53a
at an upper portion. The treated water in the anaerobic reactor flows into the
second aerobic reactor through the third treated water flowing groove 53a.

The second aerobic reactor is provided to maximize a nitrification rate.

That is, the bacteria or microorganisms that have released phosphorus in the

anaerobic reactor are encouraged to consume as much phosphorous as possible
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in the second aerobic reactor. The second aerobi c reactor
includes a second air diffuser 40 with a nunber of air holes 41
t hrough which the air flows into the second aerobic reactor fromthe

ventilator, which is not illustrated. However, the present invention
is not necessarily limted to the above, and an air bl ower may be
provi ded instead of the first air diffuser 40. A partition 60

IS provi ﬁfﬂlel &CBF& a%xeo%(?@gea%‘? obic reactor to increase the
a e

nitrification ra y preventing overflow and mai ntaining a

pr edet er m ned n of, effluent flow vel.ocity of the treated t.er in
t he second aerlfz)% gg?oélélc Srro%blcl'ﬁga%g? tllnfliugﬁsélo ?Cnoélldu lésdl ‘%Sl%aﬁdé\gvl\abtaer
fl owi ng groove 61 .at I ortian., A . stabidization,pond ich s
for med by UERET 53t B A0 TOEHb "BEb S AF dIE udeuBy Steehdof o
the overfl ow and ensure an approprjate retention tine of the water,

t her eby HeEdeioH ril’i% ‘ﬁiﬁeVﬁ’iﬂtﬂrafcﬁi c‘ﬁﬁ‘iciﬂnlsr é‘Pé.l?f‘]lS“atedAtH%WF}é%& @ﬁdpﬁﬁelﬁthe
second aerobic reactor, a term.nal pond distribution waterway and a

t er m nal IPSHECRrE MPtspeesaarily Hautadntdh thk rbaye.5and anpais\hlawgr geanden
the term nal pond distribution pond and the second aerobic reactor,
and i ncl pedded fnsteadrofithe firedaindifduser|49wi ng groove 54a at an upper
portion. The treated water in the second aerobic reactor flows into
the term nal pomdrtdict 60bgtpronidedtiar thaysechndugtohihecdasor th ingreagecthe
wat er flowi ng groove 54a at the upper portion of the second aerobic

r eact or . nitrificatidw catedhynpteyentihg ovedkive cindah &intdihiong mgradeteaughed hange
first aerobic reactor, the anoxic reactor, the anaerobic reactor, the

second aef efiluent €@t oeloaitg of hke trenteidnaitep dmtheesbnd hetobid res@t@tr Waihe
passes through the flow ng grooves 5la, 52a, 53a, 54a, and 61 which

are arr apgedionn6@in¢lndeBdr Oy waitdreAowild @eddvens1 ihe 1acap@eridmt AN

the up- and down-streamdirection allows water to flow alternately

up and dewBilization pond which is formed by the partition 60 in the second aerobic
reactor can prevent the overflow and ensure an appropriate retention time of the
water, thereby maximizing the nitrification rate.

At a rear end of the second aerobic reactor, a terminal pond distribution
waterway and a terminal pond are disposed. A fourth bulkhead 54 is provided
between the terminal pond distribution pond and the second aerobic reactor, and
includes a fourth treated water flowing groove 54a at an upper portion. The
treated water in the second aerobic reactor flows into the terminal pond
distribution waterway through the fourth treated water flowing groove 54a at the
upper portion of the second aerobic reactor.

Accordingly, the treated water flowing through the first aerobic reactor,
the anoxic reactor, the anaerobic reactor, the second aerobic reactor and the
terminal pond distribution waterway passes through the flowing grooves 5la,

52a, 53a, 54a, and 61 which are arranged in an up- and down-stream direction.

The arrangement in the up- and down-stream direction allows water to flow
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Operation of the sewage treatnent apparatus according to the

exenpl ary enbodi nents of the present invention described above wll
be descri bed hereinafter. I nfluent water fromthe grit chanber
and the primary sedinmentation tank and returned water fromthe
secondary sedinentation tank flowinto the first aerobic reactor, and
then they are quickly m xed and the m xture flows into an anoxic

react or fa[tgfﬂa?élé/ P&l @AkLI on of the first aerobic reactor. .
Then, denitrificCation to rel ease nitrogen takes place in the anoxic

reactor. Duri "9 é#ﬁggﬁ%@ thE :iyfvagé iﬁr%ﬁtr{n%gga}?a?atﬁ? Hggoqairflg?%e%{ég%xteéncplary

nitrification are ivere 0 OXl c-reacto

i nfluent f eg. ipe 21,..and _t he. anoxicreagtor.;dedi,cated sl Qw mi xer, 2
mai nt ai n§TR° HB?I%PmO%o%lgeﬁ{?Saeﬁ olrrllvg?tl%l c&eoSSFl g@i %b Veac?‘r’%lsg)et ?gscerh e|d?e
anoxic r actorf The wasted water in the anoxic reactor flows
into thelSHA8H58i ¢ reactor fromthe | ower portion, and phosphor us

renmoval occurs in the anaerobjc reactor. During the phosphorus
removal , car boATHGRT BAKT e Pe@rF shamyer 38Y (B PEMaTKGE PRI 9 Fal
bacteria or mcroorganisns are delivered thr oufqh t he ) ]
anaer obi 8nd ggtirBed eApT Aty tharsegendary sedipenation taglkflawdnto the first
anaer obi c-reactordedi cated sl ow m xer 33 maintains a uniform
concent r a¢tobic sfackate eperthemitleis argcqwiskin mexehend shamrstgbiftowserde gin
The treated water in the anaerobic reactor flows into the second
aer obi ¢ meexicaradtopfnotthen upper pgtioniodrihe &mst aehebistraditbi.zat i on pond 65
within the second aerobic reactor ensures an appropriate retention
time of the trBemedendtiBcati¢her eddgaseriitrbgemiakgs arhacef il the mnokicowactor.
velocity of the treated water within a predefined range. Thus, the
nitrificBurg (et desirifioetiomxbrgangd sodives tfoeahehitrifitstiomfaterdelivered
maximzing the nitrification rate flows to the termnal pond
di stri butiretghaher ayeokiareadtbedédicticdainfRRAd. feed pipe 21, and the anoxic-
reactor-dedicated slow mixer 23 maintains a uniform concentration of
microorganisms across the entire anoxic reactor.
The wasted water in the anoxic reactor flows into the anaerobic reactor
from the lower portion, and phosphorus removal occurs in the anaerobic reactor.
During the phosphorus removal, carbon sources required for the action of
phosphorus removal bacteria or microorganisms are delivered through the
anaerobic-reactor-dedicated influent feed pipe 31, and the anaerobic-reactor-
dedicated slow mixer 33 maintains a uniform concentration of microorganisms
across the entire anaerobic reactor.
The treated water in the anaerobic reactor flows into the second aerobic
reactor from the upper portion, and the stabilization pond 65 within the second
aerobic reactor ensures an appropriate retention time of the treated water,

thereby maintaining an effluent flow velocity of the treated water within a

predefined range. Thus, the nitrification rate can be maximized. The treated
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The water, after chem cal treatnent in the bioreactor, flows into the
secondary sedi nentation tank which filters out activated sludge. The

secondary sedi nentation tank feeds back the aerobic m croorganisns to
the bioreactor and filters suspended sludge fromthe remaining |iquid
and di scharge the treated water. As descri bed above, according

to the exenplary enbodi nents of the present invention, the sewage

tr eat ment, ARD3LAL U JAER AP AN b THARLY IGNABNA! b Vark! SahedalalcRl

Wi th uniform usi on o croorgant sm m xed I'iquor susp

(MSS) ag?sargé ?%L%tagfgétggra%dqﬁgitgl%ligxﬁrz&uc{i c retention time (HRT), but

al so pro qualrTty o edated water by adaptively

treating changes in, the quality of in&%o wat er .and properly renoying

ni trogen and glﬁ't?sm(g‘?rusaf t lcgl‘néreﬁ Eflv}{fBlr tﬁ%t"éﬂ?&%"f’e&%’% Hﬁ.o the

In fact, under the condjtion where HRT s 6-8 hours, a sogid

et ent i FCIIRETY SHeRFRation, garle, Whig) sEItPE 7860358ty oty idgay o The

return sludge rate_is 50-100%_ a simulation perfornmed showed that

t r eat menseconfppy spdipnegtatanp tadoeedsy daek dbe aEPhig PIFPOTEANGSTS NO athE

T-P is over 98% over 95% over 98% and 85% respectively. It

wi |l be hispeadder and filtess suspenfleddludgetfhemdhe remaming tiggigsand discharge

nodi fi cations and variation can be nmade in the present invention

wi t hout theplaedtedgyaierom t he spirit or scope of the invention. Thus, it

is intended that the present invention cover the nodifications and

vari ati ons of Asidssdéribeentbove, praordied tohéhe eammplary hembodimatopd i

t he appended clains and their equivalents. CLAIMS 1. A sewage

t r eat menpre3pipiaimtensioapmips isswage treatment apparatus does not only supply high
quality treated water with uniform diffusion of microorganism mixed liquor
suspended solids (MLSS) and organic matters during hydraulic retention time
(HRT), but also provides the target quality of treated water by adaptively
treating changes in the quality of inflow water and properly removing nitrogen
and phosphorus without the need for internal recycling.

In fact, under the condition where HRT is 6-8 hours, a solid retention
time (SRT) is 10-15 days, MLSS is 2500-3500 mg/l and a return sludge rate is
50-100%, a simulation performed showed that treatment efficiency of BOD,
COD, suspended solid (SS), and T-N and T-P is over 98%, over 95%, over 98%,
and 85%, respectively.
It will be apparent to those skilled in the art that various modifications

and variation can be made in the present invention without departing from the
spirit or scope of the invention. Thus, it is intended that the present invention

cover the modifications and variations of this invention provided they come

within the scope of the appended claims and their equivalents.
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a grit chanber configured to renove solids and renbve contam nants of
hi gh specific gravity frominfluent sewage by settling the

contam nants to a bottom a primary sedi nentation tank
configured to renove floating substances of |ow specific gravity from
sewage passing through the grit chanber by settling the floating
substances to a bottom a bioreactor configured to biologically
process ggug@ggpassi ng through the primary sedinmentation tank; and

a secondary sedinentation tank configured to filter out activated

sl udge from se e R@ggi é%n% Lor.eact.or, feed aerobic
nicroorganisnsﬁﬁgﬁi ﬁﬁ%u%¥%? cr%€§(§h§&F| ‘er out dissoluble
sludge fromres er ei n,.t.he %oreactor

ul.t ant {)iquic%,i ¢ wh g i S. ts of
configured to ac%ﬁ%?ﬁ%% & RS _r%tgle%m?/%gg{lo? ago_nFllné)l‘J’Fec n%aémtn?régtc_)
react or SO e By 13 Y onete iR S bAEE: g e bagHe e gt B

aerobi c tank, an anaerobic tank configured to treat sewage passing
t hr ough PREBAoxic reactor and a second aerobic reactor to treat
sewage passing through the anaerobic reactor, and the first aerobic
reactor recei VeBIM#Y SeAMMepaken tapkmeondewiednigr (enaQis HeARE isvhstanghe
connected with the first aerobic reactor and returned water fromthe
secondar 9f kerlispesifigtgravity o seowagmparstisihigugththengrfhedrangfer by settling
m croorganisns in the first aerobic reactor, the secondary
sedi nent #td Boatirgkubstinegs & sposteth;in a different direction fromthe
primary sedi nentation tank, and includes a flash m xer to quickly m x
t he i nfluent wabmreanor ttwefigwedriockiolegieslly pPocethaewapagasting dhrmargh
apparatus of claim11, further conprising:

the primary sedimentation tank; and

a secondary sedimentation tank configured to filter out activated sludge
from sewage passing through the bioreactor, feed aerobic microorganisms back
to the bioreactor, and filter out dissoluble sludge from resultant liquid,

wherein the bioreactor is configured to comprise a first aerobic reactor
configured to treat the sewage passing through the primary sedimentation tank,
an anoxic reactor configured to process sewage passing through the first aerobic
tank, an anaerobic tank configured to treat sewage passing through the anoxic
reactor and a second aerobic reactor to treat sewage passing through the
anaerobic reactor, and the first aerobic reactor receives influent water from the
primary sedimentation tank connected with the first aerobic reactor and returned
water from the secondary sedimentation tank for maintaining the number of
microorganisms in the first aerobic reactor, the secondary sedimentation tank
being disposed in a different direction from the primary sedimentation tank, and

includes a flash mixer to quickly mix the influent water and the returned water.
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an anoxi c-reactor-dedi cated influent feed pipe configured to conprise
a plurality of first nozzles arranged at regular and uniform

di stances from one another on a perineter of the influent feed pipe
to supply organic sources required for denitrification to an inside
of the anoxic reactor. 3. The sewage treatnment apparatus of claim 2,
further conpri sing: an anoxi c-reactor-dedi cated sl ow m xer

placed in the An@pGeHage tRatRGH HPafdtubeiatf 1SIeMhY% Mnipligigat ed
water in the anoxic reactor and to thereby maintain a substantially

uni f or m Concegbtnr Qﬁd)&g-rg)etci’%?ﬁ@jta(ﬁrcétfewiﬂﬂu@iiltcf&?;@ﬁ@g&@ﬁg%ﬁﬁggﬂbrﬂsgea

entire treated water wt € anoxi Cc reac

treat ment 1u%Qﬁ€${ %Tflf%sf) Tno%%l%g rgr%%nlg%g rné{th o u C??nPl{d %ﬁlﬁg¥m distances from qne

anaer obi 8-Téact or - dédi Caf &d ‘i pi'pe configure 0 supply
car bon souréﬁs required ;or ggﬁionﬂof p?osphorui r empyal .

mi cr oor gARPENE ¥ 2RI AeO bt HAMLRY e FEHT € TR% %ts&ppﬁ'nd’rg%nﬁo%rrfesse
a plurality of second .nozzles arranged.at regular and uniform

di st ance%e‘%’rlfﬁﬁ]l %ﬁé‘e B%HE?O%FP an dn5i¢e, Af B 1oFeaCHY: anaer obi ¢
reactor. 5. The sewage treatnent apparatus of claim4, further

conpri si ng: an anaer obi c-reactor-dedi cated sl ow m xer placed in
t he anaerobic reactor and configured to slowy mx treated water in

t he anaer obi ¢ }-edéesewagel tneatnaerdappyraties of eliain 2, SUPBrGMMRIESIPSUNi f or m
concentration of phosphorus renoval m croorgani snms throughout the
entire treat edinveroxicugachomdedieatas sbawicer glasedrin the anoxic reactor and

configured to slowly mix treated water in the anoxic reactor and to thereby
maintain a substantially uniform concentration of denitrifying microorganisms

throughout the entire treated water within the anoxic reactor.

4. The sewage treatment apparatus of claim 1, further comprising:

an anaerobic-reactor-dedicated influent feed pipe configured to supply
carbon sources required for action of phosphorus removal microorganisms to an
inside of the anaerobic reactor and to comprise a plurality of second nozzles
arranged at regular and uniform distances from one another on a circumference

of the anaerobic reactor.

5. The sewage treatment apparatus of claim 4, further comprising:

an anaerobic-reactor-dedicated slow mixer placed in the anaerobic
reactor and configured to slowly mix treated water in the anaerobic reactor and
to thereby maintain a substantially uniform concentration of phosphorus removal

microorganisms throughout the entire treated water within the anaerobic reactor.
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6. The sewage treatnent apparatus of claim11, further conprising:

at | east one partition provided to forma stabilization pond in the
second aerobic reactor and configured to prevent overfl ow and

mai ntain an effluent flow velocity of treated water of the second
aerobic reactor within a predeterm ned range and to thereby increase
anitrification rate. 7. The sewage treatnent apparatus of

claiml, whereyn ﬁ%e@aéé&re@ﬁfx?@h@gﬁ?ﬂﬁé 8F cRRd gﬁrtﬁ&‘?%’q}ﬂ?ﬁﬁhg?i ¢

react or include irst-air rand a second air use
respectively, h ail.diffuser incl udes a n r of .air,hqles
b whi oh 1fas R0 Aelciph prb96a 0 Tol 5o MIREE 5Bhadh nd ShEha
treat nent apparatuys of .one of clains 1 to 7, wherei,n a. nunber

but eheaqeeaPE sRsfPuand Dafvbimed o Fre et adsrgiohe “Runudilei Rh Shasnt
reactor, the aqaerobig reactor, and thg second aerqQhic reactor,. .and a
number of10F e%tI8E haPlr TEHEHI MY dvele afeEondr REEPTIN THEIGTe IR e
bul kheads in such a manner, that they are arranged in an up- and

down- st r BEsAcHTFEBE] BN aRARddotherdydhersoesa agpdicatigniaienat el y on upper
and | ower portions of the correspondi ng bul kheads.

7. The sewage treatment apparatus of claim 1, wherein the first
aerobic reactor and the second aerobic reactor include a first air diffuser and a
second air diffuser, respectively, and each air diffuser includes a number of air

holes through which air flows in from a ventilator.

8. The sewage treatment apparatus of one of claims 1 to 7, wherein
a number of bulkheads are provided between the first aerobic reactor, the anoxic
reactor, the anaerobic reactor, and the second aerobic reactor, and a number of
treated water flowing grooves are formed on the respective bulkheads in such a
manner that they are arranged in an up- and down-stream direction wherein the
grooves appear alternately on upper and lower portions of the corresponding

bulkheads.
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