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suspendadd processes for removing such solids from wastewaters include filtration or
flotation depending on the nature of the solids. Fine or colloidal solids may have to
be coagulated by various means before they can be removed. The carbonaceous
matter in (1) can be present in wastewater partly as suspended solids and partly as

dissolved solids.

(3) Ammoniacal nitrogen which may be present in wastewater as ammonium ions
(NH4*-N) and/or as ammonia (NH3) is a deoxygenating pollutant like carbonaceous
matter. Ammonia can also be poisonous to fish present in receiving waters when
wastewater are discharged to such wastewaters. Further, ammoniacal nitrogen is a
plant nutrient and can cause eutrophication of receiving waters. Most of the
ammoniacal nitrogen in wastewaters is usually dissolved.



(5) Total phosphorus (TP) includes all non-nol ecul ar forns of
phosphorus conpri sing inorganic and organi c phosphates of one type or
other. LikeoIfonddsd S @ plant nutrient and can result patrEp2008065624
eut rophi cation of receiving waters. Cpnpounds containi ng phosphorus
may be dissolved or suspended. (6) M croorganisns include viruses,
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partial conversion to other matter, primarily microorganisms. Water separated out

during such treatment can be released into the environment, primarily natural waters.



The process described in the Korean patent involves the follow ng
treatnment steps in the follow ng order:- renoval of conparatively
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tank. The wastewater, flowing through both the contact step and the aeration tank, is
oxygenated.



Al'l or at least a major portion of the mcroorganismin the aeration
step are free-flowing in the mxed |iquor but the free-flow ng

M cr oor gary§ Bk /ikadsde suppl emented by ot her m croor ganipggkpafl/fshad
to support surfaces that may be fixedgin position or free-flowng in
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aeration step (defined as the volune of the mxed liquor in the
aeration step divided by the average flow rate of the wastewater)
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it is preferred that the DO concentration of the wastewater towards

t he begi nning of the wastewater's passage through the aeration step
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b. an aeration step, wherein gas is passed through wastewater that has
passed through the contact step and the dissolved oxygen
concentration of the wastewater is reduced as the wastewater passes
through the aeration step;

¢. a sedimentation step, wherein wastewater that has passed through the
aeration step is substantially separated into treated water and sludge;
and

d. a sludge recycling step, wherein at least a portion of the sludge from
the sedimentation step is passed to the contact step.



Optionally the dissol ved oxygen concentration of wastewater towards
the end of the wastewater's passage through the aeration step is in
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aeration step (defined as the volume of the mixed liquor in the aeration step divided

by the average flow rate of the wastewater) under the conditions wherein the
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form ng c i r.e.en ra ar t he

cond 11 SRSV BT RERITER <Rt RER AR S plber pre
c]?ndi g [ @asteirea% theowraged lh@rsp@hﬂmorﬁofcsimh chmdtetrna?m tﬁe@@m?glee?l@@@wmance

of endos or eria in the process because the | o

i ssol veBTUHDBON LaReBRCE Siep GroNTROEHRe SEGR en o8 GarRIR oy Bhteor

bact eri antgssatks fto Fe @t‘éﬁ@@é@lls‘tﬂaiéﬁ?\‘@roﬁrré%woheﬁt@éll? and survival rate.
It is also proposed that endospores inprove the séttling
characteristics of wastewater in the sedinentation tank so that the
treated

Fur t hor mp e oub ot GldBSed) iy L SR o SR TRIRREB R BEC o
(and i nentdbepdres lmsszs:posed tmeeimuragmheanmqnmhenm ohgnodjevels nﬁﬂmcamlalt he
resultin Qpu 0 etative IIs The surface
mmy be SA5RE6 pANRRE oA BER B Sefi ol St Bayp bR ST ibe BN

r et ai necéntihet=tast Guthe édpa@bntémﬁab@otm@i@nmwmto physi cal contact

w th wast ewat er passing through the contact step. The support surface
may be one or nore fixed bodies, which nay be static or capabl e of
”DVenentAcESrcﬁn%!ﬁ“:ﬁl@%r@féﬂ'éti@‘i‘ﬂ tR8 DO EStcdintrafiors BAthbwastwARBPtRWard® iR
body capabl e free movenent within the contact step (i.e. suspended
pl ast i ¢ bgainning efdhe wastawalg @P&@@géﬂh@@gbﬁw&@ﬁéo@ plepr ans) towardsgthe

parti culaploy ildakesdefr GIgrra M tcH sttf s RInEdf0d at SYEA I8Penddifages

the growth and development of endospore-forming bacteria and such bacteria to

undergo their life-cycle.



11 The bacteria are preferably retained onto the support surface by
formng a biofilmthereon. Preferably, the support surface is nmade of
a subst anggp bdigkhspgonot es the formation of a biofilm (pePrpidifosss2s
material is one to which bacteria canpattach to forman integrated
bi omass that has biological activity within the support surface as
wel |l as on the surface of the support surface). It has been found
that a support surface nade froma reticulated structure is

parti cutmnbsralguhte@mdsetvearcﬁ: Qér&bbl}’cériﬂ@tldjt@bf wuét@m%rsabwymsu;ﬁ@ E‘B@&‘nrﬁn
voi d of Preater t han 80, 90, 91, 93,. 94,

98% buPTihesxast ﬁ‘é(ﬁteié@@és%ﬁe WW%PP@GF%FP@&"%@ B g @@eﬁlfﬁ?ﬁ:bo 51*9@
SuppOr t il H3CH MBINGICOTREE! Simgh, BYNoNES infg/Pef BITRD £ Big/i s resi stant
to bi odegradatl on i N wastewater, can support biofil mand can be
constructed in the formof a reticulated structure. Exanpl es of

sui t abl

pol yur et aléﬁélﬂ)e&\}e %ﬁhf?éﬁ?dé@gure?rﬁ%r%r%&?ﬁ @Q&e@?«%ﬁ&%@!’s the end of the
pol yvi nydast@mter@ﬂ)msegje tlandglpdhe]aemyd)m dimpds ir tinerred@e obfrorardyto 1.0 mg/l,

combi nat.i 9 here ddi tion ! activator
Conposi ﬁ% @t%P %/Jlaoto ﬁ{%@;f@&o[&hﬁmg NOE&L MYther ein an
acti vat or corrp05| tion that stimulates growth of these bacteria is
added to wastewater. The activator corrgom tion dosing step nma

carri ed THatwvastqugter prefespblvdakas ahleaside u8 10y 1RihcHrsaiRyPase Haough

the progggsionp, RhEfEES ngnlré(fepéﬂ'lﬁ' B9eh&te, 20nt agk S%S?Fé oﬁhﬁléﬁmlﬁ‘st be
activator corrp05|t| ons conprise sili cates and/or nmagnesi um
conpouné&gertrithdst Renditiersce er@ttheémsglveé%weracmcenﬁa‘s@ peifaivastevgier
endospo r VEL t natural ly
cont ai négrgfggré c?gwelqggééggbg?ndaé?‘t’i?ovSr?égﬁ@%%&c?ﬁ%’%@%ﬁ@ﬁ%ﬁe{o.that can be
determ ned by chem cal analysis of the wastewater), in which case an

acti vat sition dosing,st.e S not

ror ot ponhe HHORR Lo Ben SRAE R ot Heb Bval HrelEty M b as ons.
Firstl YCohﬂ'lﬁJdaéb‘yS‘éQ@c&sf asgrﬁéa@@sttﬁﬁcﬁ@htth@ abRSbAYaLep! /e, e BEEcPEdages
m xi ng of its conponents and mai ntains a suspensi on of inter alia the

bact er i 8¥YIRFEFICREALAIFINGY PRISERFEIFIAN. §T ﬁ@ry dsop gradusty, M e nt ai n
the bacig Pnﬁ.dﬁr{oﬁw BREDE B3 aér%#@%beﬁ\%;&éblg% @n&%@%ﬂ'u‘?ﬂﬂ?’(i gi xed

to mai nta e suspensi on. Secondl eni1s’inclu In the
gas, thintgaionaiin raJeec&é@\mened caigad; tﬂwarh@ QiC)ssoI ved oxygen
concentration of wastewater, this is discussed above (oxygen
facilitates breakdown of contam nants in the wastewater and grow h of
bacteri a/]ainbénamejdmgbyi,issbhvedgﬂggew\ﬂarm%ﬂﬁﬁ)&&ﬁéﬁlemoab%aéwibbﬂ
pref erab co i ses. e. air en _en ced or rtially
Glepl ot oabbrs Sobpe S5t BY Sonfybrafkpund SN diegton evBlin, which
directl Ynéan&ihée%Qﬁyb@@‘ néb@(?gérf OlTh@@péﬁﬂdula'ﬂjﬂhﬁédrﬂiht 8k Gie dwdqelﬁg t he
sedi nent -recycling step wi shing necessarily to be boun

t heory, deR@ndsy &t waﬁ%a&m%&avwaﬂw drsH@da )b'ﬂhﬁ:lcarﬁmﬁﬂ@oﬂﬁocess
of the c

Fecycl 1 R T R R e e T e e P ek Bpl
enmbedde@xygeroto tha wastewaippoay bewnohtobedq nevayingiby sbpplyrie orderitw at ed
and ger t ps
o the. praReb e RERAR Sh¥E oBe B! BsRE fabBh AP sRBE
recycli tige. siyepcreaklagmeﬂetrbasmgfth@agygecmfsafdpej forteatvastdwatar)r i ed out in
t he contact tank and/or aeration tank; and thereby the overall
efficacy of the process as a whole. Sludge fromthe sedi nentation

step, anMedkilaPest woullbRMBvErk of tPHang VayBeh RARBRHRRIUNEEshtidNe
steps and recycled. Recycling may be achievéed by passive transport

(when gOAVIER/SRRhet PP olASRWARE TowRg diatiah )theﬁorri?ct@é@w gad/or aersaﬁ@rrwt
(where RUIPFRPeRAmBIKCE sHIciTRY FothbRBhBIRRLRD by 5E IR RIMERMY from

and returned to the wastewater {preferably in a rotational movement), thereby stirring

atmospheric oxygen into the wastewater. The structure operated during the contact



During the sedinmentation step the conponents of wastewater that are
heavi er than water sink to the bottomof the tank in which this step
i's practi Gega00M8i88s and | i ghter conponents of wastewat @er/e@sdik/Fsse24
supernatant. Such separation is prefegably passively carried out
under the influence of gravity. However, separation nmay additionally

or alterpative carried out, by spipni ewat er during.the
ced meneBh BHY B b eeshh phioncilind P S tee Rl R, AL AR or)
or by ubgjduh vasbevabisied thIoagty heawhstbivater tiloat, otdainang | fbéoratddypipe.
wat er may pass. WD 2009/ 063086PCT/ EP20081065624 13 The process
according to the present invention may further conprise a sludge
renoval He@RnMRAiisRes hoflas chhPM dx§es SAbIPRS Mo WoAstEnsIRr | chdl GIFDYEH
fromthe process, for exanple, to a'Storage tank or released fromthe
uni t i ncanir@ihe Hisspived ex¥gescepeniratibroatthe mrastewathe Essangally thism t he

sedi ment at | . F - i

and! or TBRbBES BT ER LS Ehifs PsbllBs SHES BRI R IdToRED,

set t | emsvaisjevedtet ib ened swderk and opmparatigagertst thedesisal ¢ahseninatidme and a
sedi msn%at' on, tank of .the sedenent ation step causes,the stl udge.to
forma '%%&&ES%F’AHWH}"W PR LEHIVEERG NErORVARN L lenar %‘f"?‘%ﬁ % ank.

Thi's bl apkedliddas lobdghe iorédg &l @re®de ﬂw@%u@@lﬁ}idmﬂ% rl @had &NgrrivBdt the
naturally forns a distinct interface between the anket and the

super natigare gisvelvet exylakacentration dirgrased goove (dgiionelpin eddition to
sedenen I el g/, | HEG®Ired i

r enoval Pﬁdétgﬂpigﬁggggg%zg%ﬁmr ggrﬁgé(erg,trléc\j/o? ?‘P[g@v@vﬁyhélggegl ocl t;;ed "

t ypi cal loydérdochetreldhgsupplpof Oxygem.h to 0.8 mh, in the |lower part of
the sedinentation tank. In addition, the sludge solids settle

natural ly downwards under the urge of gravity, relative to the
convect iFoe ekample, dithe rleans forestipplyiricciakbloxygen Wae arperipeated pipdimimensbdt o

0.5 m h, dependi ng, on the settl.i characteristics, of the sludge
Sori 0. e RaS e A oD ST S aen i BITSE A B clfSaediTe ¢ o
bot h t heosestetiohvas hexsaad té be Idvadrunah desitdd, einthe féddh ek @8 would
veIomt;F1 of the sludge solids is téglcally inthe range 0.5 mh to

1. 3 m hhavaéheipled 9 Bord grygandoeing Ayebiaa dopiherpipeint wagtgwater.

typicall Qs ; j ' ik ipns
attho (tenfaibl, O FddbinlTh PRt B3 sERphii AREERMAIRIF PRIy 7
can r esistreciune beiagsepkatediy aginoved and rétometyipitiaivhgtewater, th@ndhe 4 hour s

dependi ' r i i IS, :RELI t he
spor ul at R aP & i SR8 L 5T R BB REb e el e LB R aBE pre
concent rdetiexsedh freqdasgores in the sludge recycle and in the sludge
renoval streamis greater than in the mxed |liquor entering the
separation step. However, the ampunt of sporulation that occurs in
the sepmtar@a_aétrﬂ@;( LBliseasdtR Bhetefira@ired dihe\suppoR sarfass 8iinPinet | Me
in the separation step of the sl u,dg[e solids, which conprise
endosporc@staghateppaddraestiowing bestariarthal may ba ferqc indog wastawsber ireny |
the re I i eat at.l LA

Sl udge. POt orE T SERE pE RO ORE DY, TreBRUFIN LIAIPS | o
so t hat Hastariardre providétbindhe dgetanester{i sl hederia ardaolsetaingd éva sapport
consistent. tinme.sufficient,t WD 2009/ 063086PCT/ EP20081065624 14
optim sesuggééggi'i%es%&tfﬂ#%{%pgh. Renoval of sludge is controlled by
alternating the sludge renoval rate fromthe sedi nentation step

bet ween hi gh rate and | ow rate. \Wen t sl udge rempval rate is
2t the HAHPENE! SErHanahyht Ues o miecasa s P EpaT RIRBIEA A (ioeger
uni t of thimmelchpabibhe bs@mrfqac_ﬂtw hlecilcdrspriiphitbgémaaridit sappunt
of sludge arriving and settling during the sedinentation step in a
set uni tchigring; pRosPheraLS: SBRRY Combinatipn tharerfgihai eambarfoynst i wasiewatehe

L ow rat G5 dles ATRYAL pRflaFiMtGek FERBERLNY #ormIRDERLiILE afd Ebiti@lint | M8

genera), Proteobacteria and Bacteroidetes are most effective at the aforementioned
breakdown.



Renmoval of sludge can be controlled such that the downward convective
velocity of the sludge inside the sedinentation step, is typically in
the range oh 2foBols 2 Mh to 1.0 mh. In addition, the E?Ebﬂ;%smﬁfsﬁ e
settling velocity in a downward direcgion within t he slP e 1 nsi

the sedinentation step is typically in the range of fromO 1 mhto
0.5 mh depending on the settling characteristics of the sludge and
the operating conditions. Thus, the total downward velocity of the

sl udge E@Hbdﬁorw@ﬁmmgbb@teﬁhe@sambmehﬁ?réf@ﬁedembe aﬁ%tcbré”%ﬂ*géltl on step
(0]

can be controlled to a typical ran from?O
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contr ol In the range o rom our to
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Al t er natd . I e imentation step
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spor ul atemtosérmmspﬁreef(wh&blqccuﬁslwh@i ﬂr@g&ellssre stredsee by fortdv@mple, lack

sporul ation step for fro hour to 3 ho The, sl dge referably
& Flie (et

psses PhIGEEASY AETEBN & 116 SHasRAtes oS hereridospprasiage fe-

sl udge espoRicttonRaridres) fallGhdd bppeR@hb@sh ofﬁhe eﬁHéleJreQ‘éh@Yﬁélﬂﬂynam c
condltlons may be obtai ned by constructing baffles in the tank to

pr ovi de O5Er P& eV Yegptaliveriells {which @cayisiunert epntisiugd @xpesuyrado

verti cah fled ARS: The sporulation tank nay be aerated but the
concentratlon of dissolved oxygen in the sludge passing through the
tank shoul d preferably not exceed 0.3 ng/l to obtain the necessary
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FUr ther B MO HBET S/ Ll SSRIP R snal S G0 P GO e ieTeE g Unoval SBRBmpl e,

any comgaamts @ﬁe@és 5léh é@lral M) B cee@sea%kmeasl girinbRRs/ABY, Precede
the contact ste n whi wastewater 1 s and rel éased at a

subst anPP&IM¥¥ac r@@i&?fﬂaffI%Wfﬁai@@effﬁoﬁfﬁé@(ﬂmft%whgﬁws ARgNYNe or nore
of the ESﬁ%ﬂa‘nBﬁ tﬁér@&s F@él%'aBﬁQer’%‘ﬂ%s@fWr @:(%Borra%wmts 34 g%g?f;};

wast ewater to the equa |sat|on step wat er renov

wher ei nirtmetilsnupernat ant fornmed dur| ng the sedl mentation step is
renoved; a wastewater recycling step, wherein outflow of wastewater
fromthe aeration step is recycled to the contact step; a further

wast evaetonddrayys lallmgutahisior vetienteiol anylof the mrbferast iy distuedet R@ove
aeration s CELB i s, recycled to t Q?T%éatlon tep; a further sl udge

recycl i RETEEERTY IRER &iai 2&¢ G%@%b ¢ speresndRibealdie dowh:  a

screeni RGeS thwh 86Rbs\BYIreYeH, thréq%rﬁ'cﬁl\b%ﬂ 5 ﬁ’urdﬁﬁlohﬁe LRARY ©
solids (e.g. the wastewater preferab asses t rough a mesh with a

gauge r RAgeEPIsTOYRIYOUtalsodissinitabiefar 9‘1‘:6 tﬁlr’fh@@f@?fﬁ?@t toRNE@T. step):

Mixed species populations of bacteria may be retained on the support surface and/or
free flowing through the process. However, it is preferred that one of the populations
of bacteria according to the previous paragraphs, particularly endospore-forming
bacteria, predominate.

Under conditions provided in conventional activated sludge plants, competing
bacteria outgrow endospore forming bacteria such as Bacilli, which are present in
comparatively small concentrations. In contrast, the conditions imposed in each of
the steps of the present invention favour the life cycle of endospore forming bacteria.



WO 2009/ 063086PCT1EP20081065624 16 a degritting step, wherein

wast ewat er passes through a sedi nentation tank which renoves grit and
ot her partigh@soégat readily settle fromthe wastewat eperproesisss2a
mcrofiltration step, wherein treatedqowater fromthe sedi nentation
step passes through one or nore filters and/or tanks to further
inprove the quality of the treated water; and/or a disinfectant step,
wherein treated water is disinfected by, for exanple, being dosed

wi th chet ivithirgy n@ce%saﬂnyw b@bsund 8¢ thetdy Sitlb':‘ptr@ﬂmd tR&t Qﬂdo@?dﬂeafbrrﬁ@g

with ultra-violet light. It is further envi saged that su enentary
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perfor mance provi he invention is sufficlent
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onto the inventiqn further treatrrent fep illed
or con. DrasbeEd thateauttnales shboRe T bealirRhailiduba et fRsiplr T e

Ni t r ogeBediRfén@itionienk 86 e thd PeaRd Waté ddregas veRabR|dsnasmTRioAs aF
ni trogen and/ or or(ganl c nitrogen) nmay be increased by incorporating a
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separatl 0 so 't vvastewater e aeration step,

throughreﬂhﬁlwu@?mtdwga@tlm tells gowp. i nto the separation step. The
purpose of the supplementary aeration step is to increase the degree
of biological nitrification (conversion to reduced forns of nitrogen
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l'e romt t he

wast ewat er recy be taken e out et rom
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may contain fixed or suspended support structures for the bacteria to

enhanceoﬂﬁé'"ﬂffé?fftbﬁ igrcdiametar netatay apyement Qﬁtﬂewcse%@iﬁéﬁll f@ay pﬁ@aused
renoval g& QBN B %sgh%\eﬁwm&ifngfa% aﬁmhgr[agsch@ e i b fle by

dosi ng emcals into the steps to precipit requir anount of
phosphopogioaofdine diss dhatbé sulphergehat @ny Sivehinohehieslesich rmrtmjéhe Hisc is

chen caPiematal fulbsr i Rafibiery SrelmHbe sBhed PR B the
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oFT i ¢ ROl Gt SR & & e ALToUBA eV RG ht SReRRCh Hydah PLme
there i gisRro¥iteiaetively ekéoé‘e@rtotarreaﬁd A8 WIRSPNBE. efn, thiéh@é)ﬁ'tﬁb Fe'i'ﬁné'cﬁ" t
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treatment required and the required dissolved oxygen concentration in the
wastewater passing through the contact step.



(b) an aeration tank that includes neans for passing gas through
wast ewater retained within the aeration tank; (c) a conduit

provi ded Q&b ¥WREDsshele contact tank and aeration tank angc{"/ﬁﬁﬂh'ﬁ&smi ch

wast ewat er can pass fromthe contact ;4ank to the aeration ta

(d) a sedinmentation tank; (e) a conduit provided between the
aeration tank and the sedi mentati on tank and through whi ch wast ewat er
can pass fromthe aeration tank to the sedi nentation tank; ()

a conduirhe %@ﬁéha%cﬂe beéfév%% fektin &eEhBRAS %b&m E@fﬁteadlﬂfo?rh RIgGOBbAR

tank and throu I ch sedinment can pass fromthe sedi menfati on tank

to the HEReLL 3teéw1ablyam support suigye & made ehasepstanes B1al eeproxiey die

t t
concent [ilin £P8 Hidm TERRe FRRERIE, Mo AR LRLAAR'RR dHaEi W ki an
or | essirdegtateapibinessihat s biciegicd ectiviyseihire theosypent mia!ceraswmlham of

wast ewat hr ou the,,aeration ta r tan

Sa06 e s as Subnbhe el 1 b Belf Tal RLthaD R hBR T 5riate.
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Capa e o0 el n ractil.ce on e un ccor é] (0] e C %pec
orP Ehe. BPuctia as & uagia Greaanan 6% &0, G 00 PeOB.a3 9t S5, Bon” 2r 400
SUPPO t hGHIEES AL irbe Hicied SR, GARENTTIRSATHOR ek nay
present |nvent| on are pre era y t e Ssane. Urther nor e the Cond| t| ons
of int ebeanade eofiasyithets m&y@@mthébﬁd@ﬁﬁaat icpiodegragatias injwRaewAEsCas
Passage | K QUR1End 88) A LoRHLGE, REFRl ARoFL Pl R shgtual udges

passage sedi nentati on step and con and back neans
t her eof Exampéhssmf@sﬁehﬁewnmetiebeiymweateopmiymobyiese ;asmd:er pcblyumaénane

present nti o ose conltlon n the rel evant
Pk w PROPEEsaR-Fifeie Tl SRelideronftikeNs Blelife b ohfl Bifine,
condi t i anéridd) ot any asinbsiaeipn &i@edhe same in the contact tank). The
support surface may be attached to the contact tank, preferably

i nside the contact tank. The wastewat er dissolved concentration
control Aﬁemvaye&ﬁﬁ %Ehmoﬁ05?95&%%0@0%%%9!0\4%3%@@ c&f B@%@hé@% e
measuring means” and an oxygen supply control mneans. The dissol ved
oxygen OH¥eshtwhgreramesa Cé'rﬁ@mpoﬁ’é@ﬁéh@ieﬁ’ﬁlﬂbéataﬁﬁrwmcé ghasadastara ishe
skilled

concent Paped B wARRAICE, AnoBEADAO! BotnbBush SOY BEeTHPBE sorisdg . The
nmeasur i afembearftse ar elrrpritamedmjy wﬁhmmﬂhmgtmofl\hh’emrod:ﬂssc bmlimeterm;d/ or
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Alternativ or in addition e oxygen supply control neans nmay be
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bubbl ed,, 'm%dvvastevvater di ssol ved concentration control neans may
further c%rrprl se a functional connection between the neasuring nmeans
and the supply control neans wherein the amount of oxygen suppl i ed by
the supply. control .nea i s determ ed by .variation e dissol ved
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of oxygen supply may al so be fixed by setting t VO
2009/ 06§grgrgp@qmtgla@ggg¢|@@3@2q suspension of inter alia the bacterla Where the supply

rate of gas is not sufficient to maintain the bacteria in suspension, the wastewater
may be mechanically mixed to maintain the suspension. Secondly, when oxygen is
included in the gas, the gas can be used to control the dissolved oxygen
concentration of wastewater, this is discussed above (oxygen facilitates breakdown
of contaminants in the wastewater and growth of bacteria). Accordingly, the gas



19 nunber of operational aeration devices provided in a given area of
the aeration tank(s). Alternatively, or in addition, a redox

potenti al yigasyhsgs Neans may be used in the place of, peg/pbihosnsseas
association wth, the dissolved oxyggqp concentration measuring neans
in order to control oxygen supply. The nmeans for passing gas through
t he wast ewat can be achieved in a _nunber, of s. Far ex e, the
e at R P YRGS ChuBe 11 B SHAE Brit gb ot Borlalis SEP B

al ong i bsydenigddm).t hr ough which gas within the pipe can pass, or a
grid may %e included in a portion of the aeration tank floor through
which gas is released into the aeration tank. The means for passing
gas may il I e o]
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aer at i oftepahkingdhel sedimandiresyistiag siep-t ank. I n a preferred enbodi nent,
t he present invention conprises nore than one aeration tank, npst
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aeration tanks. In a particularly preferred enbodi nent, the
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2009/ 063086PCI/ EP200 1%5624 %0 The conduits of the present invention
are pre g%ﬁ}\epqv&é@_e %Y of the proGess GE MR8 at a hi gher position
relative to the next tank in the unit, liquid will flow under gravity
fromthe first to the second tank. Therefore, in a preferred
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sedi nentation tank may include a treat'ed watér renoval neans;
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The unit may further conprise a sludge renoval conduit that enables
sludge in the sedinentation tank to be renoved there-through. The

sl udge renpyaboekedasi t may be connected to a sludge st @p@@@dodiidsez40r
provided with an exit out of the uniti3 Thus, the sludge fromthe

sedi nentation tank may be recycled through a conduit provided between
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prior to the contact tank; and
The removal of sludge from the sedementation step by the sludge recycle step
and/or the sludge removal step induces a downward convective flow, with a velocity
typically in the range from 0.4 m/h to 0.8 m/h, in the lower part of the sedimentation
tank. In addition, the sludge solids settle naturally downwards under the urge of
gravity, relative to the convective flow, at velocities typically in the range from 0.1 m/h
to 0.5 m/h, depending on the settling characteristics of the sludge solids and the
operating conditions at the particular time. Owing to both the convective flow and the
natural settlement, the gross velocity of the sludge solids is typically in the range
0.5 m/h to 1.3 m/h. The distance that the sludge has to travel may vary typically from
1.0 mto 2 m, depending on the operational conditions at the particular time. Thus,
the sludge solids comprising bacteria can reside in the sedimentation tank for
typically 1, 2, 3 or 4 hours depending on the factors described above. During this
period, the sporulation of the spore forming bacteria continues so that the
concentration of endospores in the siudge recycle and in the sludge removal stream
is greater than in the mixed liquor entering the separation step. However, the
amount of sporulation that occurs in the separation step is variable owing to the
variable retention time in the separation step of the sludge solids, which comprise
endospores and spore forming bacteria.

In a particular embodiment, the removal of the sludge from the sedimentation tank
(via the sludge-recycling step and/or the sludge removal step) is controlled so that
bacteria in the sludge are retained in the sludge for a consistent time sufficient to



a mcrofiltration nmenbrane provided across the flow of treated water
fromthe sedinentation tank. In a preferred enbodi nent of the present

I nventi onwdspophfeRss according to the first aspect of pERepRi9&SEL
invention Is carried out on the unit jaccording to the second aspect.

In a further aspect of the present invention there is provided a
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t he newaptl @&feedback step in which the sludge removal rate is increased or decreased to
arrive at the desired depth. [t should be noted that depth of siudge blanket is a

function of the time sludge spends in the sedimentation step.

For example, two sludge blanket interface probes placed at two different levels within
the sedimentation tank, say, at heights of 1.5 m and 1.75 m above the base of the
wall (typically, the total height of the wall is 3.0 m to 3.5 m) may be used to monitor
blanket depth. When the high probe detects the sludge blanket interface, the
feedback results in the sludge removal rate from the sedimentation tank changing
from the low rate to the high rate. When the lower probe detects the sludge blanket
interface, the feedback results in the sludge removal rate changes from a high rate to
the low rate. In this way, the retention time of the sludge solids can be stabilised at
about 3 hours and the degree of sporulation optimised.

Removal of sludge can be controlled such that the downward convective velocity of
the sludge inside the sedimentation step, is typically in the range of from 0.2 m/h to
1.0 m/h. In addition, the solids’ free settling velocity in a downward direction within
the sludge inside the sedimentation step is typically in the range of from 0.1 m/h to
0.5 m/h depending on the settling characteristics of the sludge and the operating
conditions. Thus, the total downward velocity of the sludge solids within the sludge
blanket inside the sedimentation step can be controlled to a typical range of from 0.3
m/h to 1.5 m/h. Retention time of the sludge in the siudge bilanket within the



The foll ow ng describes the new plant and the perfornmance obtained in
a survey. The performance obtai ned was exceptional, denonstrating the
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Maxi mum Maxi mum dai |y xi mum Paraneter flow rate averag
sludge recycle step and passed through a separate sporulation step Preferably, the
sludge is retained in the sporulation step for from 1 hour to 3 hours. The sludge
preferably passes through the sporulation tank in plug flow so that all the sludge is
retained for a similar period. The plug-flow hydrodynamic conditions may be
obtained by constructing baffles in the tank to provide serpentine flow either in the
horizontal plane or the vertical plane. The sporulation tank may be aerated but the
concentration of dissolved oxygen in the sludge passing through the tank should

preferably not exceed 0.3 mg/l to obtain the necessary sporulation.

The wastewater subjected to the aeration step has passed through the contact step,
and the wastewater subjected to the sedimentation step has passed through the
aeration step. Preferably the wastewater is passed directly between these steps,
however, further intermediary and additional steps are envisaged. For example, any
combination of the following:-

- an equalisation step may precede the contact step, in which wastewater is
held and released at a substantially constant flow rate to the contact step.
Any one or more of the recycling steps described herein may also recycle
sludge or wastewater to the equalisation step.

- atreated water removal step, wherein the supernatant formed during the
sedimentation step is removed;

- a wastewater recycling step, wherein outflow of wastewater from the
aeration step is recycled to the contact step;

- afurther wastewater recycling step, wherein outfow of wastewater from the
aeration step is recycled to the aeration step;

- afurther sludge recycling step, wherein sludge is re-cycled to the aeration
step;

- ascreening step, wherein wastewater is sieved in order to remove solids
(e.g. the wastewater preferably passes through a mesh with a gauge range
of less than about 10mm prior {o the contact step);



concentration (nB/day) (kg/day) (ng/l) Daily average flow rate 900
- Hourly average flowrate 1 300 - $BOD5
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- adegritting step, wherein wastewater passes through a sedimentation
tank which removes grit and other particles that readily settle from the
wastewater;

- a microfiltration step, wherein treated water from the sedimentation step
passes through one or more filters and/or tanks to further improve the
quality of the treated water; and/or

- adisinfectant step, wherein freated water is disinfected by, for example,
being dosed with chlorine or a similar disinfecting substance, or by
radiating with ultra-violet light.

It is further envisaged that supplementary performance enhancing methods may be
incorporated into the invention as a means of improving overall performance, even
though the performance provided by the invention is sufficient for most applications
involving the removal from wastewater of carbonaceous matter with and without the
removal of Total Nitrogen and/or Total Phosphorus. However, performance may
need to be enhanced where an exceptional performance is required and this may be
done by adding onto the invention further treatment steps known to the skilled
person.

For example, the removal from the wastewater of Total Nitrogen and/or the reduced
forms of nitrogen (mainly ammoniacal nitrogen and/or organic nitrogen} may be
increased by incorporating a supplementary aeration step between the aeration step
(involving the control of DO concentration as described previously) and the
separation step so that the wastewater flows from the aeration step, through the
supplementary aeration step into the separation step. The purpose of the
supplementary aeration step is to increase the degree of biological nitrification
{(conversion to reduced forms of nitrogen to nitrate nitrogen) and for this purpose the
optimum DO concentration in the wastewater within the supplementary aeration step
would be around 2 mg/l. If the objective is to increase further the degree of
nitrification provided by the invention, then the wastewater recycle is taken from the
outlet of the aeration step, as previously described in the invention. [f the objective is
to increase the removal of TN provided by the invention then the wastewater recycle
may be taken from the outlet from the supplementary aeration step so that the nitrate

recycled in the wastewater can be denitrified (to molecular nitrogen) in the contact
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step and/or the aeration step. Alternatively, a separate denitrification step may be
located immediately downstream of the supplementary aeration step to reduce the
nitrate in the wastewater to molecular nitrogen. The supplementary aeration step
and/or any separate denitrification step may contain fixed or suspended support
structures for the bacteria to enhance the performance of these steps.

In another example, the removal from the wastewater of Total Phosphorus may be
increased by dosing chemicais into the steps to precipitate the required amount of
phosphorus as an insoluble phosphate. Such chemicals include the salts of iron and
aluminium (usually the chloride or sulphate). The chemical can be dosed in the
contact step or the aeration step. The precipitated phosphate leaves the treatment
system which is the invention in the sludge removal step and may be treated and
disposed off with the sludge.

In a further aspect of the present invention, there is provided a unit for treating
wastewater, wherein the unit comprises:-

(a) a contact tank, which includes a support surface on which bacteria are
retained and that is positioned so as to come into contact with wastewater retained in
the contact tank;

(b) an aeration tank that includes means for passing gas through wastewater
retained within the aeration tank;

{(c) a conduit provided between the contact tank and aeration tank and through
which wastewater can pass from the contact tank o the aeration tank;

(d) a sedimentation tank;

{e) a conduit provided between the aeration tank and the sedimentation tank
and through which wastewater can pass from the aeration tank fo the sedimentation
tank;

(f) a conduit provided between the sedimentation tank and the contact tank
and through which sediment can pass from the sedimentation tank to the contact
tank; and

(g) a wastewater dissolved oxygen concentration control means capable of
maintaining the dissolved concentration of wastewater retained in the contact tank at
2.0 mg/l or less and capable of reducing the dissolved oxygen concentration of

wastewater as it passes through the aeration tank or tanks.
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| oad/ concentration paraneters in Table 1 are key descriptors of

pol | uti onwasoodessess bed previously in the description e€T/ER88/065624

i nvention. As a neans of characterisilthg the abattoir wastewater,
Tabl e 2 conpares properties of the wastewater with those of donestic
sewage. The conparison shows that the abattoir wastewater is several
times nore concentrated than donestic sewage but contains
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present invention. Thus, inter alia the bacteria, gas and support surface according to
the first and second aspects of the present invention are preferably the same.
Furthermore the conditions of infer alia dissolved oxygen concentration, time for
wastewater's passage through the contact and/or aeration step, time for sludges’
passage through the sedimentation step and control and feedback means thereof, as
discussed with reference to the first aspect of the present invention are the same as
those conditions in the relevant tank with respect to the second aspect of the present
invention {i.e. conditions in contact step are the same in the contact tank).

The support surface may be attached to the contact tank, preferably inside the
contact tank.

The wastewater dissolved concentration control means preferably comprises a
dissolved oxygen concentration measuring means and an oxygen supply control
means. The dissolved oxygen concentration measurement means can be any
device known to the skilled person capable of measuring the dissolved oxygen
concentration of wastewater and comparing this to desired levels. The measuring
means are provided in association with the contact and/or aeration tanks in order that
they may sample and measure the wastewater retained therein. The oxygen supply
control means may, for example, be a structure that is repeatedly removed from then
returned to the wastewater (preferably in a rotational movement). Particularly
preferred examples of such a structure are discussed earlier in this application with
reference to disks provided on a rotating shaft. Alternatively, or in addition, the
oxygen supply control means may be a perforated pipe immersed in the wastewater
into which oxygen is bubbled. The wastewater dissolved concentration control
means may further comprise a functional connection between the measuring means
and the supply control means wherein the amount of oxygen supplied by the supply
control means is determined by variation of the dissolved oxygen concentration of the
wastewater from the required dissolved oxygen concentration as determined by the

measurement means. Control of oxygen supply may also be fixed by setting the
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Table 3 defines the quality standard for the treated effluent, giving
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stringent standard, requiring a high level of treatnent to obtain
conpl i af&K(S)- W0 2009/ 063086PCT/ EP2008/ 065624 24 Table 3: Required
Criteria for Quality Standard of Treated Effl uent

Alternatively, or in addition, a redox potential measuring means may be used in the
place of, or in association with, the dissolved oxygen concentration measuring means
in order to control oxygen supply.

The means for passing gas through the wastewater can be achieved in a number of
ways. For example, the aeration tank could include a pipe that includes a number of
holes along its length through which gas within the pipe can pass, or a grid may be
included in a portion of the aeration tank floor through which gas is released into the
aeration tank. The means for passing gas may also operate as the oxygen supply
control means.

The unit of the present invention may include more than one contact tank, aeration
tank, and/or sedimentation tank. In a preferred embodiment, the present invention
comprises more than one aeration tank, mast preferably four aeration tanks. When
multiple aeration tanks are used, they may be arranged in series, such that
wastewater treated in the unit passes through all aeration tanks. Such an
arrangement enables the oxygen concentration in any particular tanks to be
controlled so as not to be greater than that of the preceding aeration tanks. In a
particularly preferred embodiment, the wastewater dissolved oxygen concentration
control means is set to control the dissolved oxygen concentration in the first aeration
tank at a higher concentration than in the last aeration tank in the series. The
aeration tank may not be aerated and may be mechanically mixed to maintain
bacteria in suspension.

Preferably, the conduit provided between the sedimentation tank and the contact
tank passes sludge directly from the sedimentation tank to the contact tank.

Preferably, a conduit is provided between the aeration tank and the contact tank and
passes wastewater directly from the aeration tank to the contact tank.
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The conduits of the present invention are preferably pipes. When a tank is provided
at a higher position relative to the next tank in the unit, liquid will flow under gravity
from the first to the second tank. Therefore, in a preferred embodiment, two or more
adjacent tanks are arranged in a height position relative to each other to enable the
required direction of flow of wastewater, sludge or treated water. Accordingly, it is
preferred that:- (i} the contact tank is provided at a higher position relative to the
aeration tank; and/or (ii) the aeration tank is provided at a higher position relative fo
the sedimentation tank. Alternatively, or additionally, pumping means may be
included in the unit that drives or pulls wastewater between tanks.

In an embodiment of the present invention, the sedimentation tank may include
sludge blanket probes. At least two sludge blanket probes may be provided in the
sedimentation tank and displaced within the tank at a different height relative to each
other from the base of the tank (e.g. one

1.5 m from the base of the tank, the other 1.75 m from the base of the tank).

Preferably, when the higher of the probes detects the sludge blanket, the feedback
results in the sludge removal rate from the sedimentation tank changing from the low
rate to the high rate. When the lower of the probes detect supernatant (containing
comparatively few suspended solids), the feedback results in the sludge removal rate
changing from a high rate to the low rate.

In order to facilitate sedimentation in the sedimentation tank, the tank preferably does
not include any means for passing gas. The sedimentation tank may include a
treated water removal means; preferably such means comprise a weir, over which
the supernatant comprising treated water present in the sedimentation tank may flow.

The unit may further comprise a sludge removal conduit that enables siudge in the
sedimentation tank to be removed there-through. The sludge removal conduit may
be connected to a sludge storage tank, or provided with an exit out of the unit. Thus,
the sludge from the sedimentation tank may be recycled through a conduit provided
between the sedimentation tank and the contact tank, and/or removed through the
sludge removal conduit.



1. 2Configuration of Treatnment Plant Figure 1 is a plan diagramof the
treatnment plant. The plant conprises screens (not shown), an
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prevent sedi W#Sq?%dgr%@sggl%iﬁsé’@%aﬁnm? eE?Aljas @qm@#e%%éﬁ@e{gﬁéﬁgéﬁaﬁk'

fl oor. The contGutdugs emydmrpoviied to leneklerarealri morecd tita ctoyclingdiepdh, in
this applicatiaq re installed in three separat ontact.. tanks. In
general . sever SESEOIRERTTSPLOrragYaie TRk BT WaRENATY toiipadqtisaion ik
contactor i n-t kecappltipaiitenbenden tee asiadien adniomndag cntadPtank through
2009/ 063086PCT/ %F?ﬁ’gOS/ 065624 25 cfagac' ty to, renbve a maxi num of 300
kg BOD5/ day. Fuftifewasien@i@rdiondeg Temdpe ReEatigadpynedsses e éientady of
the BOD5 | oad itgnjit.he wastewater, with the aeration tank handling the
remai nder of the load. The installation of three contactors gave a
smal | saf et y- f &ctadusporesdedheivecotthe seagmentationttank sodrire seration tamkf t
supporting thir i fr r.evi ously
deser bed. 1 he s e B 0dOE e e BB G o
are appr oxi mat eeyatbrtedk;anet er by 50 nm thick and have a centre to
centre | ongi tudilnal separ atiﬁn of %00 o The, di nensi ons. o{ t%ach tact
cont act tank'araeaﬁﬁ?pﬁa SHEEE] 9"04/}%9 nﬁ%?ﬁsz.%”ﬂf‘gﬂs%}”& FRyior to the contac
approxi mately Zafmk;mnfigh. Originally part of the earlier treatnent
plant, the aeration tank has a total capacity of 990 n8, giving a
retention tifre SoMiosefiatQ mempranaroyised sisrass the fiew of realey woteaiemage
wast ewat er fl owh& ab@mehiionghAaki on tank is effectively separated into
three serial zones of simlar size. Al three zones are aerated and
the | ast zone is additionally mechanically m xed to maintain the
suspensi : :
i no. {CoRerad RERhe drihe Pelht Gehicht i rrdCtBaARE Ao gro
ski | | ed appectar thelpreseridnvartioatis oarriedrdut bashaudit acsiréingdd tHelsemondi vi ng
an upward velocity of 0.57 nmfh at the design val ue of the maxi num
hour | y-g\%?ége wastewater flow rate. The conventional |l y-desi gned tank
has a wall depth of 3.5 mand is fitted with a nmechanical scraper.

In a further aspect of the present invention there is provided a process hereinbefore
described and with reference to the drawings.

In yet a further aspect of the present invention there is provided a unit hereinbefore
described and with reference to the drawings.

The present invention will now be described, by way of example, with reference to
the accompanying figures, in which:-



As shown in Figure 1, the treatnent plant has four recycle streans
call ed: Sludge Recycle 'A, Sludge Recycle 'B', M xed Liquor Recycle
"A" and Mwe@ehobnspossr Recycle 'B'. Total flow rate of therkrmosesygl e
sl udge streans and the two m xed |liqguenr recycle streans is 1 300

nB8/ day, gi ving a total recycled flowrate of 2 600 nB/day. A portion

or all pig fde SHQEJS ‘olow Qféﬁ&lrﬁ of b WERIRVATBY tr@ﬁgfé';'i E%Tn?g éo‘?dlhg‘?? the

equal i sation ta or to e chanber 1 mred at owns rea

equal i satasent nsektionDi recting some of the recycle into the

equal i sation tank has the advantage of elimnating odour produced by
the wastewater in this tank but has no detrinental effect on the

t r eat mefigued Risbawy thd BODperfatiamitalof Wad westneint phet;f our recycle flow
rates are given in the next section. W 2009/ 063086PCT/ EP2008/ 065624
26 1.2.2 q)erati onal Criteria Table 4 summari ses the main operational

criterig 3tsh6w‘srtlﬁ‘@fdiﬁ%tr@eﬁ‘ﬂéerfdl:ﬁiaﬁc@@f teQHe fnehf @8hITBAL; Pl ant

does not "have automatic control of the DO concentrations In the zones
of the aeration tank and in the contact tanks. Instead, the air

i i LR he TEME e OeBRRS et S g R e kAl i vt o

ranges specified in the table. Simlarly, the DO concentrations in

t he congact b@%@)tl?ﬁ%fﬁ%éﬁr%ll\t@d by adjusting the speeds of the

rotors. The uor suspended solids concentrations given in the
table are controlled by regulating the flow rate of the surplus
sl udge, Thkiirventisntiae baenhiedtedsiad ogoanvgneeringateay by caostrucingd flllusipde

| ant I Uni t Val
Do kgl - AT AR o . e R 8B L 41 Sl b
Zone 1 tbatasardt plant tteskdyom Othe  tonverBioBs) aomcxed rsﬂﬁdg}ﬂ procedsnésee dfie
Fanikg! FOMEDTEN Bidkgiral £oBF N A erB yEr e fo/ sy Buable of tis
document), but the plant became overloaded and could not produce a compliant

effluent. Various tanks from the earlier plani, including the aeration tanks, were
incorporated into the new plant.

The following describes the new plant and the performance obtained in a survey.
The performance obtained was exceptional, demonstrating the high efficacy of the
treatment as described by this invention.

1.1 Design Requirements

Table 1 below gives the values of the wastewater flow rate and pollution loads used
in the design of the new wastewater treatment plant for the abattoir. The values of
the flow and loads were determined from measurements made at site. The
concentrations given in the right-hand column of the table are calculated values,
determined by dividing the maximum loads by the maximum daily average flow rate.



Flow rate of sludge recycle 'B nB/day650 Flow rate of m xed |iquor
recycle ' A n8/day650 Flow rate of m xed |iquor recycle 'B nB/day650
M xed |1 gwos 288&0ss08centrati on in contact tanks ng/l4 3pbrAbxegodstquor
SS concentration in aeration tank ngh$5 500 1. 3Perfornmance of Plant A
survey of the performance of the treatnent plant was undertaken over
a two-month peripd Lz%%@@ﬁ@?i?erfa%r ABARY P spwABETAEYMBR Pidhd ON
descri ptors. Throughou he survey peri od, e plant was operating
under full _Jl.oad. hoth hydraulically and organically. The results of

t he survey are given in FiguresMaxirourd. Edtdximainrdailpn Waximum

2009/ 063086PCT1EP20081065624 27 fphesaﬁ figures is an aver age for the
rel evant wee® 2 B er mi ned by avdP¥giaRy sevBfEiR9e IREdi deRdIcePEetpn s

relating to different days during? parti qubmayyeek. A da)days
bef ore t he..st.art..of themsuur“.v.ey..,jiuhxg?gfzxenat\i“gngafl)t’ﬁe.mpl..ant_‘.“.wrzls ‘‘‘‘‘ .

i mproved byDaly asragRyieweateal ues §P0t he DO concentrations (by
adjusting t [ Whafhe aerghdon control valves) in_the

cont act tanlﬁgu@ﬁéd\}%r%@ﬁ% erlaet%ati oﬁ] gt?)(?les and increasing the frequency
of their naf@Ds adj ustment. As can-be seen friof@ he resul 1835this |ed

to a trend ¢ i . formance of the pl i mpr oved r the
duration ofé@WgAg%\?g@&S @%ure 2 shows the C@t@ﬂ ues (meag%fed usi ng
t he di chr oredgtel Wiabhed)TENd t he BOD-val ues of phe treated eiBl uent.
The COD neasurenents have | ow val ues, conpared _w th val ues_obt ai ned
from waste\?ozqt@]rgrt??%’z‘f’ erlp\kor ks tréating such ?SQtrong wast edt ers, and
show t he tTERU O™ T NETEASTHY ™ PertTormante I mproverent T Forexpedi-ency,
val ues of BOD5 (for which the anal ytical procedure is protracted)

ver e esNotrit etB®Penenties PedayuBO ATD suppressedisi ng t he fol | owi ng
predeterm ned fornmula: BOD5 = (COD - 33)13.0.

The four load/concentration parameters in Table 1 are key descriptors of pollution, as

described previously in the description of this invention.

As a means of characterising the abattoir wastewater, Table 2 compares properties
of the wastewater with those of domestic sewage. The comparison shows that the
abattoir wastewater is several times more concentrated than domestic sewage but
contains proportionally less nitrogen (TN) and phosphorus (TP).

Table 2: Characterisation of Abattoir Wastewater

Characteristic  Unit Abattoir wastewater  Domestic sewage
BODs mg//| 1885 200 to 400
BOD/TN dimensioniess 7.7 501t06.0
BOD/TP dimensionless 54 20 to 30

Table 3 defines the quaility standard for the treated effluent, giving the maximum
concentration for each parameter. The table also gives the required percentage
removals for the various parameters calculated from their concentrations in the
wastewater (Table 1) and in the treated effluent (Table 3). The criteria in Table 3
indicate a stringent standard, requiring a high level of treatment to obtain compliance.



On this basis, the BOD5 of the treated effluent was generally |ess
than 10 ng/l and, in the latter part of the survey (when inproved
oper ati on wookveéidect ) averaged only 7 ng/l. Renoval ofrCBERIZ0$/edIm4t he
wast ewat er was greater than 99% dend#strating a very high
performance. Figure 3 shows that, during the latter part of the
survey, the treabRENRAYHBE O’r%ﬁﬁ'dﬂéﬂt Tﬁaﬁ@ﬁ@%tﬁr@étbe@ﬂmgﬁhe

wast ewat er from around 300 ng/l to |less than , giving renoval s
hi gher than 95%..El.gure.d..shaws.that.the.JB. aonc;em“n“am ans..af..t he
treated ef fl uBatan@iee gelexnym CD@S%"Itta’i@ﬁ 3 ny/l, Fgamﬁa\@ renoval s
greater than 85% The per éé@ﬂ %%Hed fromt ;reat ment pl ant
was exceptionally high par ring the Iatté part of the
survey, denonstrating the hi ghefﬂﬂémtcacy of the treatnent as descri bed
inthis invention. WO 2009106§08ﬁECT/ EP20081065624 28 (w thout the
assistance of tertiary treatne oul d produce a treated effl uent
with a qualitpoms high as that omal ned fromthe plgaly deSCribed
above. An activated sludge plant design to renove carbonaceous
material and Abtrients (TN and 9 from the abattoi P1¥ast ewater woul d
require a serirps of biological rgactors and a seding gtﬁatl on tank. The
bi ol ogi cal reactors would conprise an anaerobic reac (operati ng
with no aeration), an anoxic reactor (operating with no or little
aeration) and an aerobic reactor (generally operating at DO
concentrations of 2 ng/l or greater). The skilled person woul d

det er m & t hGonfigweati@yai Tredtroemiflastd vol une of the three types of
reactors in the activated sludge plant would be at |east three

deseri bEERAEE WAL Bargn e Rohe A bR oFiS Bal Cubbfoi BateRi A5E
pl ant, shewh),emt G@lﬁllsaﬂl(ﬁntarﬂeﬂﬂ‘ée e taah tartksi (@ath kehiaiting @i whta:tor) an
superi or rforman mal | er reactoQrs. gh

o Lo pelon TR sEsaMEl Senr st ModRedmSatisl ZRReS rassim el penigion ste
cont act Céﬁﬁﬂsfhg &%@Blnﬁbﬁ{tbﬁﬁh 'Mﬁkh tfh@ é?JPGI[@-tdIL’FtﬂgeCSfH@iubé@rb% PleOfBithiaght

the grow h, survival and recycling of endospores and

endos poM&rsisiiskensdined peaviti thigkenes mra@thowwnéman dewaleraceinia g 6ake
step as dggcf b@‘ﬁﬁfu'g@ éﬁ@t‘ éandvﬂw‘i Hakdr8 r&lspogaﬁét@m}]a%dﬁf Ql‘ié) C?ﬁé sle% ISR h&g

wast ewat er ~conpri s ont act
cont act svass&wzéen andétiee dhiolehing aad simabemngsof ﬂwceludgei arméemrmkxglaeemat

OXYGEN  are familiar to the skilled person.

1.2.1 Design Criteria

The equalisation tank has a volume of 878 m® which is equivalent to a retention time
of approximately 24 hours at design value of the maximum daily average flow rate.
The purpose of the equalisation tank is to buffer the wastewater flow from the abattoir
so that the treatment plant receives wastewater continuously and roughly at a
constant rate through the day and (as far as possible) from day to day. The
wastewater in the tank is mixed fo prevent sedimentation of solids from the
wastewater onto the tank floor.

The contact step comprises three rotating contactors which, in this application, were
installed in three separate contact tanks. In general, several contactors may be
installed in a single tank. Each contactor in the application under consideration has a



concentration of the wastewater is maintained at 1.0ng/l or |ess; b.
an aeration step, wherein gas is passed through wastewater that has
passed t hvomghopésesscont act step and the di ssol ved 100xyg&mRP2008/065624

concentration of the wastewater is ré8luced as the wastewater passes
through the aeration step; c. a sedinentation step, wherein

wast ewabﬁﬁacﬁt?ab rBRBveassesin w@motdgesc@@yabyormﬂn@ﬂ the coHket aripi whd ¥
In ;

separated into treated water and_ sludge; and 15d. a sl udge recycling
Stop, vHESENe & (RIgea Pt aiae EipnibRdaR temwesewae), SERLTR@SLAIY tnk
passed hendig HEbAGIIR! 8P hedofu PITABSRSaRRioN G fiRE ddhiftdisBabe a small
wherei n the di ssolved oxygen concentration o

wast ewaselety factdnef 6Unt act step is maintained at 20from0.2 to
1.0mg/ 1. 3.A process as clainmed in claim1, wherein the dissolved

oxygen af i I oH - ; | ' [
o anas iy OfeBlo HBTREEL A dh SUDARREL By SEESrich FRIEE e
cl ai s tHeotyBe oftmeesti previveisRSdBsesbéd,ate ongghehadon egrirosityl omapgiroximately
wast ewat.er, tawards the beginni f the wastewater's. passage through
the. aer ST B¢ GlFCar e aPRIBU BN " QRNIEy Y Shrrim sk e 4 caf
a reduces cemns estgitatiinans@baratidd beNDe nand THe deedrsioNs! etesbnsednty@dank
oxygen concentration in the wastewater towards the end of the
are approximately 4.5 m by 2.5 m on plan by approximately 2.5 m high.
Originally part of the earlier treatment plant, the aeration tank has a total capacity of
990 m?, giving a retention time of 26.4 hours at the design value of the daily average
wastewater flow rate. The aeration tank is effectively separated into three serial
zones of similar size. All three zones are aerated and the last zone is additionally
mechanically mixed to maintain the suspension of the bacteria in the mixed liquor.
The aeration and mixing technologies are conventional and would be familiar to the
skilled person.

The sedimentation tank has a diameter of 11 m, giving an upward velocity of
0.57 m/h at the design value of the maximum hourly-average wastewater flow rate.
The conventionally-designed tank has a wall depth of 3.5 m and is fitted with a
mechanical scraper.

As shown in Figure 1, the treatment plant has four recycle streams called: Sludge
Recycle ‘A’, Sludge Recycle ‘B’, Mixed Liquor Recycle ‘A’ and Mixed Liquor Recycle
‘B’. Total flow rate of the two recycle sludge streams and the two mixed liquor
recycle streams is 1 300 m*/day, giving a total recycled flow rate of 2 600 m¥day. A
portion or all of the two ‘A’ recycle streams may be directed to the equaiisation tank
or to the chamber immediately downstream of the equalisation tank. Directing some
of the recycle into the equalisation tank has the advantage of eliminating odour
produced by the wastewater in this tank but has no detrimental effect on the
treatment efficacy. The operational values of the four recycle flow rates are given in
the next section.
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1.2.2 Operational Criteria

Table 4 summarises the main operational criteria for the treatment plant. This
particular treatment plant does not have automatic control of the DO concentrations
in the zones of the aeration tank and in the contact tanks. Instead, the air supply to
the aeration tank zones is adjusted manually from time to time with the objective of
keeping the DO concentrations within the ranges specified in the table. Similarly, the
DO concentrations in the contact tanks are controlled by adjusting the speeds of the
rotors.

The mixed liquor suspended solids concentrations given in the table are controlled by
regulating the flow rate of the surplus siudge, which is the method used
conventionally on activated sludge plants.

Table 4: Operational Criteria

Operational criterion Unit Value
DO concentration in contact tanks mgl 051015
DO concentration in Zone 1 of aeration tank mg/l 0.5t01.0
DO concentration in Zone 2 of aeration tank mg/l 021005
DO concentration in Zone 3 of aeration tank mg/l 0to 0.1
Flow rate of sludge recycle ‘A’ m¥day 650
Flow rate of siudge recycle ‘B’ mslday 650
Flow rate of mixed liquor recycle ‘A’ m®day 650
Flow rate of mixed liquor recycle ‘B’ m>/day 650
Mixed liquor SS concentration in contact tanks  mg/l 4 375
Mixed liquor SS concentration in aeration tank  mg/l 5 500

1.3 Performance of Plant

A survey of the performance of the treatment plant was undertaken over a two-month
period to measure the removals of the key pollution descriptors. Throughout the
survey period, the plant was operating under full load both hydraulically and

organically. The results of the survey are given in Figures 2 to 4. Each point on



9. 20 10. 25 11. 30 wastewater's passage through the aeration
step encourage sporul ation of the bacteria. A process as clained in
any of thevVQr¥BeeRd¥g cl ai ns, wherein the dissol ved oxy@ElEP2008/065624
concentration of wastewater towards t2he begi nning of the aeration
step is in the range of fromO0.5 to 1.0 ng/l. A process as clained in

any of tHesepigeeeslisgn elvarage, forhiry Bildvanh evedis 8olevarhe8Xy08Veraging several
concentration of wastewater towards the end of the aeration step is
in the Mghderalresyisreigting ipdigergt days aurngiheari@ianwested in any of
the preceding clainms, wherein the wastewater takes at |east 4 hours
to passAlBhQgR ddiereaneatdronr thk&Rirvey, the operation of the plant was improved by

adjusting the values of the DO concentrations (by adjusting the positions of the
aeration control valves) in the contact tanks and in the aeration zones and increasing
the frequency of their manual adjustment. As can be seen from the results, this led
to a trend in which the performance of the plant improved over the duration of the
survey.

Figure 2 shows the COD values (measured using the dichromate method) and the
BOD values of the treated efiluent. The COD measurements have low values,
compared with values obtained from wastewater treatment works treating such
strong wastewaters, and show the trend of increasing performance improvement.
For expediency, values of BODs (for which the analytical procedure is protracted)
were estimated from the measured COD values using the following predetermined
formula:

BODs = (COD — 33)/3.0.

On this basis, the BODs of the treated effluent was generally less than 10 mg/! and, in
the latter part of the survey (when improved operation took effect) averaged only 7
mg/l. Removal of BODs from the wastewater was greater than 99%, demonstrating a
very high performance.

Figure 3 shows that, during the latter part of the survey, the treatment plant reduced
the TN concentration of the wastewater from around 300 mg/l to less than 10 mgfl,
giving removals higher than 95%. Figure 4 shows that the TP concentrations of the

treated effluent were generally less than 3 mg/l, giving removals greater than 85%.

The performance obtained from the ftreatment plant was exceptionally high
particularly during the latter part of the survey, demonstrating the high efficacy of the
treatment as described in this invention.

A skilled person could design a conventional activated sludge plant to treat the
abattoir wastewater to a similar standard, although it is unlikely that such a plant



A process as clained in any of the preceding clains, wherein the

di ssol ved oxygen concentration of the wastewater continuously reduces
as it pasY¥Q29BPEth t he aeration step. A process as clPaTHE2DOS/MESEIFY
of the preceding clains, wherein theXastewater is maintained at the
reci ted dissol ved oxygen concentrations by control of the supply of

oxygen {withdug tn@atsivahes .of AerfisgCesamast)Cdaildpebdude & Rbdted, effer &¥ith a
control of supply of oxygen conprises a nonitoring step in which the

di ssol vaHaEY P§evpan b PRineshrem the,planhdessibed @bo¥e reasur ed and

conpar ed agai nst the desired concentration, and a feedback step in

whi ch t he smieaediuddR! pler ddyiyr eemoVaearbehdcBBuyBt&WA AN Nufrients %TN
controlled_in order to increase or decrease the supply of oxygen to

t he wasPBWatforfray the akptigirrwasdewater oWk seqwe aisesiep il dbiglagiganreactors
concent i SR - ; i i rﬁﬁ?\% of, .t .
pr ecedi %S‘Bc %ierer{s, erel nn%t' hgﬁgg%gqég%@f %@%’gn&?@dt ﬁbe Sset é\r}\laei}ﬁgrer?bs;c
vari ed reaaerd@peratingawith aicn agtedionpsirewaveic rebciohdopemating dvithi as arvidgtie
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anyl ol i grefi@chn e FoluhedieRs berabs tHIcuSRd iIARGAREMPRIN YesBiMed above.
conbi nation thereof 15. A process as clained in claim13 or clalm14,

wherein_the bacteria is a mutant or variants of any of the above

r eci t ed T18HaEPBPPEY WAD 7 sCayBRiMEl cictiveieri Hlgdepatant. dir tratipeakkiang
down molgssHie hhdle GOMRENSR e Q98IperftRl Hformapts PRIt reBLPhS "Ruch

and/ or phosphor ous.
smaller reactors. The high efficacy of the overall treatment is due to the presence of
the contact step in combination with the operating conditions promoting the growth,
survival and recycling of endospores and endospore-forming bacteria in the contact

step and in the aeration step as described in this invention.



16. A process as clainmed in any of the preceding clains, wherein the
bacteria are m xed speci es populations wth the bacteria recited 15in
any of clains 12 to 15 predom nating. 17. A process as clained in any
of the preceding clains, wherein the sludge forns a blanket in the
sedi nentation tank and the bl anket deptggés mai nt ai ned at | mor
above. 18. A process as clained in any t he preceding cl ai s,
wherein the 20sl udge forns a bl anket in the sedinentation tank and
the sludge retained within the blanket clears fromthe sedi nentation
tank with a downward velocity of fromO0.3-1.5mh. 19. A process as
claimed in any of the preceding clains, wherein the sludge is
retained in th&€lamdi nentation tank for 1 hour or nore. 2520. A
process as clainmed in any of the preceding clains, wherein the
support surface is a reticulated structure with a void that nmakes up
nmore than 92% of the Agirdeask furddatng wattewabscanmpriaingwol une. 21. A

process as claimed ingany.0f. &Sp mtﬁ?&ﬁ%&eﬁ%@k@q%@@éﬁ%@ t he

SuppOI’t sur face COfT'pI’I ses any one or
30synt hetie pol ynmers: - p@tﬁmpdcpyllsgn@ortwayesu@theqmoyvadexyWne 32

pol yet her - pol yur et hane, (3alonvhied. ofqﬁe ! 00di8RatePRINAIENEL dPNERGRGOT | de

and pol yvi nylidene fl uoride, I'nation théereo nit
for treating wastewater |e$ﬁhere| n the unit conprises: -

b. an aeration step, wherein gas is passed through wastewater
that has passed through the contact step and the dissolved
10 oxygen concentration of the wastewater is reduced as the
wastewater passes through the aeration step;
¢. a sedimentation step, wherein wastewater that has passed
through the aeration step is substantially separated into
treated water and sludge; and
15 d. a sludge recycling step, wherein sludge from the
sedimentation step is continuously passed to the contact
step.
2. A process as claimed in claim 1, wherein the dissolved oxygen
concentration of wastewater in the contact step is maintained at
20 from 0.2 to 1.0mg/l.
3. A process as claimed in claim 1, wherein the dissolved oxygen
concentration of wastewater in the confact step is maintained at
a range of from 0.5 to 1.0 mg/l.
4, A process as claimed in any of claims 1 to 3, wherein the
25 dissolved oxygen concentration of wastewater towards the
beginning of the wastewater's passage through the aeration
step encourages growth and development of bacteria, and a
reduced concentration of nutrients and the controlled dissolved
oxygen concentration in the wastewater fowards the end of the



(a) a contact tank, which includes a support surface on which
S5bacteria are retained and that is positioned so as to cone into

contact with wastewater retained in the contact tank; (b) an
aeration tank that includes nmeans for passing gas through wastewater
retained within the aeration tank; (c) a conduit provided

bet ween the contact tank and aeration tanlg’oloand t hr ough whi ch

wast ewat er can pass fromthe contact tank to the aeration tank;

(d) a sedinmentation tank; (e) a conduit provided between
the aeration tank and the sedinmentation tank and through which

wast ewat er can pass fromthe 15aeration tank to the sedi nentation

t ank; (f) a wvesgwaterppessagedroeghnbenetdtion siedienefirags on t ank
and the contact tank ' sedi ment can pass conti nuously
fromthe sedinmentation U&E&?g‘qﬁ?]%%% act tank; and (9)

a wast ewat er di s§ol ved RsEge @s cwingeshinraay iodihe poevediap chairas) svi2dmpabl e
of eLntaini ng the i BRnlGcBeRREN LALLAR! AR UL SRR Aled |1

the contact tank at 1 S an capa uci
di ssol ved ®xygen conc@?ﬁ'ﬁfzﬁﬂﬁi efihe pefgien sigaisin ﬂmrangepﬁmﬁ 5tthr‘ldhgh t he

aeration tank or tankggy,

6.  Aprocess as claimed in any of the preceding claims, wherein
the dissolved oxygen concentration of wastewater towards the
end of the aeration step is in the range of from 0 to 0.3 mgi.

10 7. Aprocess as claimed in any of the preceding claims, wherein the
wastewater takes at least 4 hours to pass through the aeration
step.

8. Aprocess as claimed in any of the preceding claims, wherein the
dissolved oxygen concentration of the wastewater continuously

15 reduces as it passes through the aeration step.

8. Aprocess as claimed in any of the preceding claims, wherein the
wastewater is maintained at the recited dissolved oxygen
concentrations by contro! of the supply of oxygen to the
wastewater.

20 10. A process as claimed in claim 8, wherein control of supply of
oxygen comprises a monitoring step in which the dissolved
oxygen concentration of the wastewater is measured and
compared against the desired concentration, and a feedback
step in which the means of delivering the oxygen to the

25 wastewater is controlled in order to increase or decrease the
supply of oxygen to the wastewater so as to arrive at the desired
dissolved oxygen concentration of wastewater.

11. A process as claimed in any of the preceding claims, wherein the
supply of oxygen to the wastewater is varied in order to maintain

30 the wastewater at the recited dissolved oxygen concentrations.
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A process as claimed in any of the preceding claims, wherein the
bacteria is a spore forming Bacteria.

A process as claimed in claim 12, wherein the bacteria is from
the Bacillus and/or Clostridium genera.

A process as claimed in claim 13, wherein the bacteria is B.
subtilis, B. vallismortis, B. amyloliquefaciens, B. licheniformis
and B. megaterium, or any combination thereof,

A process as claimed in claim 13 or claim 14, wherein the
bacteria is a mutant or variants of any of the above recited
bacteria that is capable of forming spores and of breaking down
molecules that comprise nitrogen, carbon , sulphur , chlorine
and/or phosphorous.

A process as claimed in any of the preceding claims, wherein the
bacteria are mixed species populations with the bacteria recited
in any of claims 12 to 15 predominating.

A process as claimed in any of the preceding claims, wherein the
sludge forms a blanket in the sedimentation tank and the blanket
depth is maintained at 1m or above.

A process as claimed in any of the preceding claims, wherein the
sludge forms a blanket in the sedimentation tank and the sludge
retained within the blanket clears from the sedimentation tank
with a downward velocity of from 0.3-1.5m/h.

A process as claimed in any of the preceding claims, wherein the
sludge is retained in the sedimentation tank for 1 hour or more.
A process as claimed in any of the preceding claims, wherein the
support surface is a reticulated structure with a void that makes
up more than 92% of the reticulated structure’s total volume.

A process as claimed in any of the preceding claims, wherein the
support surface comprises any one or more of the following
synthetic polymers:- polypropylene, polyester, polyurethane,
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polyether-polyurethane, polyvinyl chioride, polyvinylidene
chioride and polyvinylidene flucride, or any combination thereof.
22. A unitfor freating wastewater, wherein the unit comprises:-

(a) a contact tank, which includes a support surface on which
bacteria are retained and that is positioned so as to come into contact with
wastewater retained in the contact tank;

{b) an aeration tank that includes means for passing gas through
wastewater retained within the aeration tank;

(c) a conduit provided between the contact tank and aeration tank
and through which wastewater can pass from the contact tank to the
aeration tank;

{d) a sedimentation tank;

(e) a conduit provided between the aeration tank and the
sedimentation tank and through which wastewater can pass from the
aeration tank to the sedimentation tank;

(f) a conduit provided between the sedimentation tank and the
contact tank and through which sediment can pass continuously from the
sedimentation tank to the contact tank; and

(g) a wastewater dissclved oxygen concentration control means
capable of maintaining the dissolved concentration of wastewater retained
in the contact tank at 1.0 mg/l or less and capable of reducing the
dissolved oxygen conceniration of wastewater as it passes through the
aeration tank or tanks.



