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followsay have to be coagul ated by various neans before they
can be renoved. The carbonaceous matter in ( 1 ) can
be present in wastewater partly as suspended solids
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(2) Suspended solids (SS) are all inorganic and organic matter that is not dissolved
and 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 (NHs3) 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.
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Most of this material is either suspended or floating, and a small amount may be

dissolved.

Releasing un-treated wastewater into the aqueous environment can destabilise
ecosystems and have an adverse impact on plant and animal health within this
environment. Accordingly, a number of processes for treating wastewater have been

developed.

The treatment of wastewater involves substantially separating the wastewater from
the contaminants which may be collectively produced as a sludge (or by-product)
stream requiring treatment and disposal. The whole process of treating the
wastewater and sludge results in the partial destruction of the contaminants and their
partial conversion to other matter, primarily microorganisms. Water separated out

during such treatment can be released into the environment, primarily natural waters.
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ability of specific types of m croorgani sns to renove
contami nants fromwastewaters as well as bring about
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specific types of microorganisms. Such advanced treatment processes exploit the
natural ability of specific types of microorganisms to remove contaminants from
wastewaters as well as bring about other benefits such as improved settling
characteristics of the solids suspended in the mixed liquor.

For example, Korean patent publication No. 10-0276095 describes a process for
treating wastewater that includes a step in which wastewater contacts
microorganisms that are retained on a support surface prior to transfer to an aeration
tank. The wastewater, flowing through both the contact step and the aeration tank, is

oxygenated.
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a. a contact step, wherein wastewater contacts bacteria retained on a
support surface and the dissolved oxygen concentration of the
wastewater is maintained at 2.0mg/| or less;

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;

c. 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.
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rhe WSSH BB & e o EREEbE0 B e bt
throudh HeEP&ridUBEURBpYB IHY\Bidtiess $s BlsbaBfdrRiceio RAwhStewatéhif this
art as mxed liquor). The mcroorganisns in the

descripgion £ this iryendios may icoptairirdenaip the hantedaigped in the

proceR o BF FuBhelila i PREF BRI LR BolaRl el

free-flowi ng bacteria present in the wastewater. The
retention tinme of the wastewater in the contact step
The mig@orgrisAs in fee coNtarestep araerimasteigiainedon theesupport surface

although the process may utilise both the bacteria retained on the support surface
and the free-flowing bacteria present in the wastewater. The retention time of the
wastewater in the contact step (defined as the volume of the wastewater in the
contact step divided by the average flow rate of the wastewater) is preferably in the

range 5 minutes to 3 hours depending on the strength of the wastewater.

All or at least a major portion of the microorganism in the aeration step are free-
flowing in the mixed liquor but the free-flowing microorganisms may be supplemented
by other microorganisms attached to support surfaces that may be fixed in position or
free-flowing in the wastewater. The retention time of the wastewater provided by the
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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The growth of endospore forming bacteria and the production and germination of

endospores is proposed to encourage the maintenance of good levels of functional

bacteria, both freely flowing in the mixed liquor throughout the steps of the method

and retained on the support surface of the contact step.

Accordingly, it is preferred that the DO concentration of the wastewater towards the
beginning of the wastewater’s passage through the aeration step and towards the
end of its passage through the aeration step is controlled at a level that encourages
the growth and development of endospore-forming bacteria and such bacteria to
undergo their life-cycle.
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the wastewat er, which may include supply of no oxygen.
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demand ofthiewaktewater may vary with tlme particularly if the carbonaceous
and/or Total Nitrogen concentration of the wastewater varies. Thus, the supply of
oxygen to the wastewater may be controlled by varying the supply in order to
maintain the dissolved oxygen concentrations at the desired values described above
(i.e. by increasing or decreasing the oxygen supply to the wastewater).

The skilled person would be aware of the many ways in which one could control
oxygen supply to the wastewater flowing through the contact step and/or aeration
step. For example, a structure in the contact step may be repeatedly removed from
and returned to the wastewater (preferably in a rotational movement), thereby stirring
atmospheric oxygen into the wastewater. The structure operated during the contact
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decregbe imfegliéngt ure woul d i ncrease or decrease in
frequency. The process may utilise both bacteria
retai ned on the support surface during the contact

The pf(%]cé%%\?gﬁ?%&glﬁs:er 6&@"\6%&;&@%@&%{1%@0 &Hﬁ%f%oheﬁ&%%‘qdr{hﬁ the
contaptr steprandi freeefibwing. bdoterfia tredt Inyay balfqurid eethelvmrste\gater in any
one or more of the steps of the present invention. Preferably, only free-flowing
bacteria are provided in the aeration step (i.e. bacteria are not retained on a support

surface as in the contact step).

Bacteria that are suitable for use in the process of the present invention are those
that are capable of breaking down molecules comprising nitrogen, carbon, sulphur,
chlorine, phosphorous, or any combination thereof, that can be found in wastewater.
Bacteria from the phyla Firmicutes (particularly from the Bacillus and Clostridium
genera), Proteobacteria and Bacteroidetes are most effective at the aforementioned
breakdown.



bacteria are provided in the aeration step (i.e
bacteria are not retained on a support surface as in
wWo b@ooeis@ct step). Bacteria that are suitabl erd DEP2S®065624
in the process of the present invention are those that
are capabl e of breaki ng down nol ecul es conpri si ng
ni trogen, carbon, sul phur, chlorine, phosphorous, or
any conbi nation thereof, that can be found in
Endosgst doahiey badearteeareapdrtionatip erefeyred. Aihusl tua eseferred
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emboé&ﬂ
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preferably active in the aeration step. Both Bacil
of nuteaatsCiactivationi of the ¢adgsperesi(vaishcoecurswhien the e@d@apwes are re-
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endospores (which occurs when the endospores are
nutrieptsdxposed to nutrients) fol l owed by germination of the

endospores and finally outgrowth of new vegetative

cell's (which occurs under continued exposure to
Bacteniatfrore e jenBaBaeillua afe consideregetouse Barticllady saiteble, with the

considered to be parti uIaI)/ uitable, with the sft,
most Bpe&gré@ §geg|5§(9o rs él SWbiHSEB. M {smqrgs “amyloliquefaciens,
I e
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incorporation into the present invention.

InvenM@Eordl ngly, all nmutants or variants of any of the
preferred bacteria discussed above (particularly those
that are capable of form ng endospores and of breaking

Accordingly, il ragtdnes ot Yaxiartoapahg ef ihalpredemed Bhttefig@iiscussed above
carbon, sul phur, chlorine and/or phosphorous) woul d

(partigylary Bl@%dh@b@i]%caﬂ@lb'%@%foﬁﬁ'%@%sé’@é@ﬁ aneh & Rfgaddng down
molecules that comprise hydrogen, nitrogen, carbon, sulphur, chlorine and/or

phosphorous) would also be suitable for use in the present invention.

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.



M xed speci es popul ati ons of bacteria may be retained

on the support surface and/or free flow ng through the
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predom nate. Under conditions provided in conventional
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lodgegmn «mﬂ@m{e&lom@ss e theseptast ek grhara dres geinminate ared the
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resuItHgg@eﬁﬂJ%t SO|I @ ?% fq’mwg endospores are proposed

to have a propen3|ty to |l odge on (and in) the biomass
in the contact tank where they germ nate and the
The spRRE SHAFCH HRY B 2BY SBFd Phges 5?8@@9&3 IHRHS'&? UppgrEing
bacteﬁﬁ?@@fﬁ%q@ﬂﬁ@&ﬁ?sw tr28 i Yactelih CoRfAmto B |®otact W|th
physi ca supporting bacteria retal ned thereon such
wastewrader pa&sumgatfveugrathmmtant ﬁephﬁnecmjppodmwfacevmah be one or

ter ng .t hrough the act st ep.,_The. .
more §5353 Btied, pPRRa Al Peruatiag ERPats o Floved e o disgncpvided
ona rﬂ?étln@%rfatfﬁtércor% oﬁﬁi@?@b@d?%a M@@Wﬁee(rﬁogeméhﬁﬁ/ﬂhm the contact

provided on a rotating shaft or one or nore bod

y
Step (capsusinendedmiassicraartietest fladtingi glasser @@Mstmnessmﬁr@s) elna

e SPRE B ATl P sshhP PS8 ppuurioce

compfs@odinteiierasf didts groeisiedton aveati The d.m mepw;bartually
surface conprises a nunber of discs provided on

submergeain wa%ewa?é@nﬁépeﬁ@caanﬂfme Jissg I§H’é?"@é@)€q may be altered by
posﬂ%ﬁﬁg?ﬂ@hs h?B?'ah'é?{tl{ag \ﬁ/:é%(??ﬁféfr%@pg %%rggr%gzéjgﬁgﬁﬂad%yabout
one thied of thBrdasﬁcedlahi@ter &athtoty swviesne lofithiggdidcs owhichuhay be caused
by rotation of the shaft to which they are attached, may change the position of the
portion of the disc that is submerged at any give time. Thus, each part of the disc is
alternatively exposed to air and wastewater. Changing the speed of rotation will
change the frequency of submersion of a given portion of the disc. Preferably a
motor rotates the shaft at a rate of around 4 revs/min so that the each portion of the
disc is alternatively exposed to air and the wastewater. In this way, the retained
bacteria in the contact tank are aerated, providing the oxygen for the biological
treatment. The speed of rotation can be adjusted in accordance with the rate of
treatment required and the required dissolved oxygen concentration in the

wastewater passing through the contact step.



one third of the disc dianeter. Rotatory novenent of
the discs, which nay be caused by rotation of the
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position of the portion of 1the disc that is subnerged
at any give tine. Thus, each part of the disc is
alternatively exposed to air and wastewater. Changing
the speed of rotation will change the frequency of
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During the aeration step, gas is passed through the wastewater for two reasons.
Firstly, the passage of gas agitates the wastewater and so encourages mixing of its
components and maintains a suspension of inter alia the bacteria. 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



and/ or magnesi um conpounds and ot her trace nutrients,
especially those required by endospore-formng

whawovesioss However, often the wastewater nat uredT/EP2008/065624
cont ai ns adequate | evels ofl2activator conposition (a
fact that can be determ ned by chem cal anal ysis of
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step duringi tbe sedinentaicyclaignstepe bacteria in suspensi on t he
wast ewat er nmay be nechanically mxed to maintain the
suspensi on. Secondly, when oxygen is included in the
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sedi nent-recycling step. Not w shing necessarily to be
bound by theory, the inventors proposed that
Thus ehldqxppomj thait trmjlnlcmsidreofpai sltelge retydling sme@eahances the
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d th h
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achi eved by passive transport (when gravity urges flow
of the wastewater) or by active transport (where

In ordgq ihfasditale sedineniatinpuie. saparaien ef ligid E@m sRligh) during the
sedimRAtR stE BN step is preferably a quiescent step (e.g. no gases are

passed through the wastewater during this step, and the wastewater is not mixed).

During the sedimentation step the components of wastewater that are heavier than
water sink to the bottom of the tank in which this step is practiced. Water and lighter
components of wastewater form a supernatant. Such separation is preferably
passively carried out under the influence of gravity. However, separation may
additionally or alternatively be carried out by spinning wastewater during the
sedimentation step (so that centrifugal forces act on the wastewater) or by urging

wastewater through a filter that substantially only water may pass.



In order to facilitate sedinentation (i.e. separation
of liquid fromsolid) during the sedinentation step,
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concentration of endospores in the sludge 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
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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 sludge blanket within the
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- 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 to the contact step);
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may precede the contact step, in which wastewater is
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and other partl cles that readily settle fromthe

- amcrofiltration step, wherein treated
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wast ewat er of carbonaceous matter with and wi thout the

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. If 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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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 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.



system which is the invention in the sludge renoval
step and may be treated and di sposed off with the
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there is provided a unit fa8 treating wastewater,

wherein the unit conprises:- (a) a contact tank, which

i ncl udes a support surface on which bacteria are

retained and that is positioned so as to come into
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of maintaining the dissolved concentration of
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| ess and capabl e of reducing the dissol ved oxygen
concentration of wastewater as it passes through the

The sappatt isarfatemayove btiagtsed to theproetact tenk, grbfedahg mmsioé the
t resent invention the process according to the

contagl ta8K- aspect is capabl e of being practiced on the unit
according to the second aspect of the present
i nvention. Thus, inter alia the bacteria, gas and

The wasppwater dissbbved ancenttatign contrdlenéans prederdbyecandrises a

resent invention are preferab
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device snowndades sklﬁ@@ PREON CaNARMOT Measudngrthe dissolved oxpgen
conce%?r%tlgﬂ%tf(/\%stgﬂgt& Sﬁg %%%a’%'}ﬁ.s tBeJe%?rfed 18Fels. 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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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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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 sludge 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.
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In a prefared evrrAimenkalthedrgpent inkentian Bepeesmhaceardingrte the first

asped@of HIEpfREUEINVBALGH fPSarried out on the unit according to the second
aspect.

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:-



descri bed herein to recycle sludge or wastewater to
the equalisation tank. - a conduit provi ded between
wo b@omeinad i on tank and the contact tank throughcmEPmNg/ 065624
wast ewater flowi ng fromthe2aeration tank passes to
the contact tank; - a conduit provided between the
. t i
Figurg TR AT AR, BT PR A R L e
mesehhmvean@mlon tank, - a large gauge nesh provi ded
across flow of wastewater prior to the contact tank;
and/or - a mcrofiltration nmenbrane provi ded across
f I ntation tank.
Figurg o o e e N vent on t he
process according to the first aspect of the present
. inpvention is arrled out on the_uni cordin to the
Figure 3 HRusdbg B! NiposnRariareiange oLl et dden
i nvention there is provi ded a process herelnbefore
described and with reference to the drawngs. In yet a
Figure drahiows thepgetal pbosphasup pesiermanes ehthedreatmang plant.
provi ded a unit herei nbefore described and with
reference to the drawi ngs. The present invention wll
1 nDestriptbesairbxpetimdntsway of exanple, with reference to
the acconpanying figures, in which:-Figure 1 shows a

fl ow diagr stewater. treat nent plant a
The gD ke BERE (PSlotAD OFF, CRIBRPE S TERBW EestBiRa @ il scale
wasteRRItéOfrBBiMiENtOPlahh &t bheab At mh@nébatﬁjngHéG ah éaméfﬁ Waewater
total nitrogen performance of the treatnent plant

treatmgnt; PRINGubased wiovket penvestianabesspaiedusiysget ororasse (see the

conveight AABRIATT ke bR ploceBs “BbSHIRRL Y, M PEE b o i

docurhéntt)obat thes toldrg teedaimhé cﬁﬁéﬂb@d@@sér&i/\/@bard hoepradite a compliant
ant at an abattoir. The abattoir had an earlier

eﬁluemfast\éa/mt@r tanksalrersnthep ariier Halartd iBelUEINg thenaeratiopntanks, were
incorgrhtetBhfFind! idepIdt ocess (see the

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.



conventional biological treatnment process described in
the pre-anble of this docunent), but the plant becane
woy@vlemded and coul d not produce a conpliant edT/EP®N$/065624
Various tanks fromthe earl2Ber plant, including the
aeration tanks, were incorporated into the new pl ant.
The 'féﬂlé Q\A’b'%glgﬂeéﬁtre'rig%r ABgttSi?Wﬂt%}Btéﬁq?étlﬁ?ent Plant
performance obtained in a survey. e pertormance
obt ai ned was exceptional, denonstrating the high
efficacy of the treatpeRima@s dentaxipee Bxily hi sMaximum
invention. 1.1 Design Requirenents Table 1 bel ow gives
Ra@ameielies of the wastlewd®i® f| oAverRde laad pdtangenkation

| oads used in the desi t he ne y@:jv; ewat er
treatnment plant for tﬁgplgéggtoi r. %?e szl ues of ({T}%l)
Daignawsredge dadsrarer e det @001 ned from neasurenments nade
at site. The concentrations given in the right-hand

Hevihaveregeiiow e e ard 3% cul at ed val ues, det er ni-ned
I viding the maxi num |oads by th Xi mum dai
avelgage flow rate. Tabl e 1: Design Cfi7t62ri a for 1885

Aspenolied Sobids €88) er Treatnment Pl ant 1 BEQI num Maxi hdsd

] y. Maxi Paraneter flow rate average | oad
ﬁ%ﬁtéﬁwf@ﬂ]nmdaﬂ (kg/ day) (ng/4N° Daily averldde
Totaphasshat9 (tpy Hourly_average flogprate 1 300 35-
$BODS -..1.700..1885 Suspended. sol.ids. (S9)..-..1.670.1854
Total Nitrogen (TN) - 2 19 243 Total Phosphorus (TP) -
3 Note: $ BQD5 0 5- day BOD ATU suppr essed.

NOte:T%ﬁ%&éﬁﬁQ”&é@ﬁg‘@ﬁé’eEg(SBa‘w@ﬁUBQF%ﬁ?@%rs in Table 1 are
key descriptors of pollution, as described previously

The fout 1686/cBRESH A IdnOParan dtéisSn TR Y i 08 keI R cABRIS oPpollution, as
characteri si ngmt he abattoir wastewater, Table 2

describesiriewiouplydp &ne descraftionres tiisdnesrtioar with t hose of
donmesti c sewage. The conparison shows that the
Ol ter. | r ' t -
As a ﬁ%%hts oé)f r%m‘g?l %tgﬁglh gtgégauq%?%?r \%stgmec‘r, Tabfe E%ﬁ%r@g p“?‘gpertles
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//l 1885 200 to 400
BOD/TN dimensionless 7.7 5.0t06.0
BOD/TP dimensionless 54 20to 30

Table 3 defines the quality 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.



contains proportionally less nitrogen (TN) and
phosphorus (TP). Table 2 : Characterisation of

wW@b@bneioss VAst ewat er Characteristic Unit Abatt BET/EP2008/065624
wast ewat er Donestic sewage2BODs ~~~ngf \ 1885 2gbl o 40
BOD/ TN di nensionless 7.7 5.0 to 6.0 BOY TP

St andaey iR Gt P QI Spned BCF e Riflent ),

concentration for each parameter. The table al so gi ves
t hPargngter ed peaxiennagencaittians f or t heReafovals
paraneters calculated fromtheir concentrations in the
wast ewat er ( Tadhsamplegmef irgatefe treated ef PPlent
(Table 3). The critefhgdin Table 3 indicate a
stringent standard, requiring a high |evel of
treatnment to obtain ¢ogfl)i ance. Table 3 : Required
Cr.iteria-for.Qualit.y.Standard..of..Treat.ed. Ef fl.uent
PaB&Rst er Maxi num conédntration Renoval iﬁ%%%nples of
tr¢§ted (%9 effluent (go/l) BOD5 20 98.9 20 9 1.7
TP 5 85.6 1.2 Configuration of Treatnent ant Figure
1 TR a plan diagram ofS5the treatnment plant85.dhe pl ant
C ORPLE-S 8 8-S 6188 RS (ROt ShowR)yaleguali-sat el «talkywe
three contact tanks (each containing a contactor), an
aeration tank effectively separated into three seri al
zones, and a sedinmentation step conprising a

1.2 seanfiguretion oh TreatrentiRéardur pl us sl udge produced by the
treatment works is thickened in a gravity thickener

Figurg 10 4 PRl i3 bR St FeREhhTiahe  Pnd PREf Sl ieoens (not
showss), tatr. eqiaisatioe a¢ankgthode cbrtachsdreksafeaichaguhtaingg a contactor), an
t hi ckening . and dewateri. of the. sludge ar : .
aeralipg (Al FOSPRETY RaPamated fnifNfes Skl 288 ANy acseslimeafation step
compfisifgla LeelirdEntatibh&hR  The surplus sludge produced by the treatment
works is thickened in a gravity thickener (not shown) and then dewatered into a cake

using a centrifuge (not shown) before disposal at a landfill site. The screening of the
wastewater and the thickening and dewatering of the sludge are technologies that
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 to 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



The equal i sation tank has a vol une of 878 nB which is
equivalent to a retention tine of approximtely 24
whowwsemse desi gn val ue of the maxi mum daily avECBHBPR2008/065624
flow rate. The purpose of ke equalisation tank is to
buffer the wastewater flow fromthe abattoir so that

: t ' t I
capads ol EHRHEES Dl P SODNEBURBIRYE S YO B e wos
de&grﬁ%ﬂ t@mrﬁose I515)|°/eb(1;I fheJBOBsylohd idabte \A@me\matetam?h ehiel egratlon tank

the tank i.s mxed to vent sedinmentation of soli
hand'm&nﬁtrﬁ@%w&h@w%ﬁt %h?H@-St?EﬁI@rTP @Fee fRRLackHE Lave a small
safet)ﬁ%%Fber?'@%' ses three rotating contactors which, in

i's application, were installed in three separate

contact tanks. In general, several contactors may be

Each irpteting lcogtaatoracenpyses aatlaft supporicng tdy slisdsnmahefactured from

e BRI GB8 PRI GBS PR B R AGaT Bkt g gpronmatl

94%. C‘Pﬁé Qﬂ“écssér%pa;y}ﬁréxﬂ@cég@% HRM&BPYE 50 thitkhenB®dve a centre
| o in the wastewater, with the aeration tank

to Cefﬂiéﬁhéﬂngi@ldtﬂ?é Sﬁ@ﬁ’éﬁtlﬁ?@e@f 600 nyB. | Bael dinTe@siPAS ©O4lgaghi eaintact tank

t f 6%

are ook MABY L RIA BN 4 7B B BT RRRO T Elely e XN Nief i v
thirty d| scs manufactured fromthe type of nesh

Origirfatlg \vaotsf tymeldm*beri treatmériteplants thehaeian@natapbmi | ;otalf capacity of

appr oxi mat e 949% I SCS are_appr oxi

990 rly B TBETON R Al 28 A4TRITR ) dha CBe ke oL i Teily average

waste'v\%ﬁﬂ hedl b S?ngégré%h 2 NaCY e"FF@btnTél? s‘@?}%ﬁé{%b"lﬂﬁj ‘Prﬁree serial
each contact tank are approxi matel

zonespbhaintilar sxire. ol Intires yoaes ane taegated(}zmcgrthmlasy Zpaetis cafddltlonally
the earl.i er treat ant, t.he at.i on tank,has

mechpEafly Gussd 1 et e stshroring & e tatedd T i Frfed liquor

The a&fatorgHA Sn&tngt feenAsPy@®s Al cshvehntibhsl sl k/\bbu?d/géa\‘gﬁnllar to the
wast ewater flow rate. The aeration tank is effectively

skilleg ppesoat ed | nto three serial zones of sinmilar size. Al
three zones are aerated and the | ast zone is

L II nic | i th :
The ineh@tBn' Yok haRT A Cdamet®l XPULE I g dh lbvard velocity of

0.57 raﬂT at thendasidn niatiien of tties inmadimaire boarl g averag@nmsmdaternﬂbw rate.
Id be famliar to the skilled, persaon

The Q%H’ieﬁﬁﬂ'ﬂ@{y designaetk ARl NasdPawal dendf C1f131$|mg1'=‘w g THied with a

mechHH%@Fé’cr};’lﬁéPC'ty of 0.57 mh at the design value of the
maxi mum hour | y- average wastewater flow rate. The

conventional |l y-desi gned tank has a wall depth of 3.5 m
As shaxdh is Figure €ld the ttreaiment 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 equalisation 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.



mechani cal scraper. As shown in Figure 1, the
treatnment plant has four recycle streans call ed:
wekadgesoRecycl e ' A, Sludge Recycle 'B, M xedpdI/gPmns/065624
Recycle "A'" and M xed Liques Recycle '"B'. Total flow
rate of the two recycle sludge streans and the two
ycle streans is 1 300 nB/day, giving a

122?%%%1['%]%@?'&& Iow rate of 2 600 nB/day. A portion or

all of the two 'A recycle streans may be directed to
Tablet heswgorarissat thenmntaim toparaticmetl h(eritetianlberthé n’urreat'rrmmzl ptant This

downst r ea { he e Ilsat Sone

partlcplﬁxétqe@gpgp p goleﬁ @@é{ﬁ @m@ ctcgﬂgl Lgﬁ O concentratlons
in the%ﬁ%@t&‘}tﬁeojerﬂlér\‘td?ﬁ(tér&gwPﬂ"féUéorRé@tdtléﬁﬁQ %(stbﬁ@ thefalr supply to

wastewater 1n this tank but has no detri nental
the agrnatiohdank ganesis adjusteshmanu@iy fr@prertlme tntimevalthiélse objective of

rec flowra es_are given in the Xt o
eepiag S Bl eo5S8HegTiohs N i restioBsrioeslirdn 4R e sumterly. the
DO comseni®itibne M tad comakt nks&ire &on@olleéd ®ytddfastintheMdpidids of the

This particular treatnent plant does not have
rotorsaut omati ¢ control of the DO concentrations in the
zones of the aeration tank and in the contact tanks.
. . r
The r58 Eitr Rt by SHIEL Kol SRS TR, B O3NS ates
regulatingkebpi figwt tretdxbfcctheestmmé. osladget hwiich hés rtaegetsethod used
ecified in Simlarly, the DO
Convea@ﬁe@w ?%@PBYt%tegﬁ ‘t(&? Rl8RtSact tanks are controlled by
adj usting the speeds of the rotors. The m xed |i quor
suspended solids concentratigns a;ven in the table are
controll ed by reglPRlgiri@raratieond\hiitgtie of the surplus
sludge mhlch Is the nethod used conventlonally on

g,{%t,]% pig eptantsTTabie~4 attonat “Vaiue

erla era|onal criterion Un|t ue DO
D@@@fderna’faltlcﬁ in Bogt@at Bekst anks my/ | fg 5 to .5 (D@to1 5
concentration in Zone 1 of aeration tank ng/ 5 to

PQoconsendirdientn 4ener ofraerahien targs  aengt! |f on t ank0 ﬁtﬂ’l
%g()/zférgcet(?tg% |_9§) @?Bﬁ@'ﬁé@éér@f‘orﬁ tarfiOne r%gf? a'er at 'ngg? o‘

ow ra Sl udge recycle
b&0concentration in Zone 3 of aeration tank mg/| Oto 0.1
Flow rate of sludge recycle ‘A’ m®/day 650
Flow rate of sludge recycle ‘B’ m®/day 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/I 4 375
Mixed liquor SS concentration in aeration tank mg/I 5500

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



Fl ow rate of sludge recycle 'B nB/day 650 Flow rate

of m xed liquor recycle "A nB/day 650 Flow rate of
waorooededosguor recycle "B nB/day 650 M xed | i qROT/EBSH08/065624

concentration in contact tamks ng/l 4 375 M xed |i quor

SS concentration in aeration tank ng/l 5 500 1.3

R : t A t - :
these TRLE; BERRErat R (RN ek, PSRN BB B Ring several
indivigheal iresultsorelatimguoaliffdrent éayy dlisngthe partiselar pelekut i on
descriptors. Throughout the survey period, the plant

' d full |1oad both hyd l'icall d
A fewgfeys Hear (e SHHE of das PUE/ays e gPergtiob ! 31 Py eips, Hiproved by
adjustih@Uh&SvaAudd of theEBEN c@ﬁééﬁtr&ﬁnggﬁg BHRKERS theé Pdsitions of the

average for the rel evant week mned Dy averaging
aeratiogwoontol valdes) idube costagt tanksedngt innyetasrdiidf zores addyrcreasing

e w4 BB A AL S5 Al 31 BRI G G s, s
to a thfl RV @Midpy thrdp&igdinfighdeher Wl pRmt @hptdvedDSVer the duration of the
concentrations (by adjusting the positions of the

Surveder ati on control valves) in the contact tanks and in
the aeration zones and increasing the frequency of

. ' | i . .

Figurd 2HiQUB M COPLIANES fheadtheBRbiNE (A8 AerrbAEE Metnod) and the

BOD (wblllds;eopIth@ttréatpﬂo@fﬂdemeerHdlecaIDrmtabsureorﬁerttbm?w \®y .values,
Fi gure 2 shows e COD val ues asured usjn e ,

Compafeg#w%t@r%@t ngﬁ'”%érqrﬂewééiﬁ%?rué@agm% Q&%a‘(%"”g such
f, card N f NLE ; ;

strong WAkl htore. g JRoTE B HRRLLP RSN G hefRiriaice improvement

For expedienent valoek ©ftB@Bs i (fay which ther angjyiiee tproaedurs, isapritracted)

B L S T T, .

formudnal ytical procedure is protracted) were estinmated
fromthe nmeasured COD val ues using the follow ng
predetermned fornmula: BOD5 = (COD - 33)/3.0. On this
basis, the BOD5 of tBf@Dsre&tld =$3¥&Bnt was general Iy

less than 10 ng/l and, in the latter part of the
| .
O ARy 4D SPERA BORERI Ik PBL) 1P 038 anc. i
the lattee pheroft thens l9&y (@hepnstpratadgperation 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 mgl/l,
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 treatment 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



very high performance. Figure 3 shows that, during the
|atter part of the survey, the treatnent plant reduced
wo b@odbsosoncentrati on of the wastewater from aPOEE2089065624
ng/l to less than 10 ny/l, 28i ving renoval s hi gher than
95% Figure 4 shows that the TP concentrations of the
(withdft 3% BB 1ol BEATERD oy 6 pRod (e dreliod effiuent with
gl vi ng Peroval 3 gr 64 han '8 per ormanc

qualityblatsaii@edsftma?tmtité'need fiemt tenplapt descrivesl sbaept | onal |y
hi gh particularly during the latter part of t he

urvey rating the high efficac
An acheleEGa B it SEsioBda PHIOVR CArboNASRLS MhataTiglng gytrients (TN
and Tﬁ%rﬁ?&‘ﬂ ﬁ%ubﬁetﬁﬁlsh%%t&vé’t@ﬁw&d P8Gird &t éé’r‘?ésegf %|d|@g9(é’al reactors
['ant to treat the abattoir wastewater to a simlar
and astsadmmruatltam ttankighThe Liglogichl k@au;lontshmuw@brrmrlse an anaerobic

| ant thou t he as istance of. tert ar 1t ) :
reacidtofierairid it b0t @ETRY Y odie el tbaiattie) AL no or it
aeratlbh}JBné\%nt é%bﬁbﬂe@cﬂﬁ‘ipéﬁ@mlltf RipepAtaif aldBECEbMRGRBOME of 2 mg/l

acti vat ed sl udge ant design to renove

or gregieTorheLakiiedaeEanatodkcstaTTrerns! (henregwtiresirgornbipas volume
tgr f
o 0 PEpRIARAPS ASEBI s AU SR Lt oot oo

greatdr thhnghe abluheaot iesaeratibrl tarkniddsia teant@eae plipt described above.
reactor (operating with no aeration), an anoxic

Thus,gggr%tggge 3\5 rglcgg\é%m'g{ogqar)pcg&@tl‘elgi Hyglggf {)I%Ht Ome ?r%%tr%gnt plant
descriRRC aBb{E Lk Of I)tho e/ L Qi &o?ab@rrfér*m gg‘”eco IH ?gqumng much

person woul d eter ne that t e requir
smalleroieactore f Tm&lghreéfmacypﬁghefoveeaildrmtmenh is Hee dmttfne/at&a&nce of

sl,ud l.ant | east t.hree greater th
the oftaeBrininstBlrter 56 brchraling FopHRhShomaRaa RS orowth
survivae sl r’@@?c|m@0&f6en&t§p@re§ @H&aér%spbﬁé]fo@nﬁ@bﬁﬁﬁehﬁﬂﬁﬂthe contact
activated sludge plant, the trea | ant descri bed
step afsbindhe @eratm yep@sgqu@rlgeg iipEi$ lﬂ\/eﬁé@lﬁ ormance whil st
requi ring nmuch smaller reactors. The high efficacy of
the overall treatnent is due to the presence of the
contact step in conbination with the operating
conditions pronoting the growth, survival and
recycling of endospores and endospore-form ng bacteria
in the contact step and in the aeration step as
described in this invention.Clains 1. A process for
treati ng wastewater conprising;- a . a contact step
wherei n wastewater contacts bacteria retained on a
support surface and the dissol ved oxygen
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concentration of the wastewater is naintained at
2.0nmg/l or less; b. an aeration step, wherein gas is

w@amsmeaoshr ough wast ewat er that has passed t hrecmBEP10b®065624

contact step and the dissol2¢ed oxygen concentration of
the wastewater is reduced as the wastewater passes
through the aeration step; ¢ . a sedinentation step,
wher ei n wast ewat er that has passed through the
aeration step is substantially separated into treated
wat er and sludge; and d . a sludge recycling step,
wherein sludge fromthe sedinentation step is passed

t oClairescont act step. 2 . A process as clainmed in claim
1, wherein the dissol ved oxygen concentration of
wastewater in the contact step is nmaintained at from

0.2 1o 1. APfdcess for tRedflingORESteR@itet cnfiBbing- ¢l ai m 1,
wherei n the di ssol ved oxygen concentration of

wast ewat er@- i & COR@CE 8¢Pa %@i@ma%ewat%tcsnta@és hactgria
range of fr ot@tglnéd gol?l alsgppi@i %ur:ofad'cev\%ﬁd Hﬁ&&@g@@ﬁ oxgg\e/réd

clainmed in any o al s erein I'SS

oxygen concegdricghtrationlbf Wasivasiineitet igwaaidgitdd at 2.0mg/l or
begi nning of the wastewater's passage through the
aeration stefS&ncourages growth and devel opnent of

bacteria, pang, ﬁgfﬁ%ﬁcsqu,c\ﬁﬂér%m gas iié’b‘aé%fedWHFddﬁWté?‘tg%ter

the controlled dissolved oxygenZconcentration
wast ewat er tthadhds pehgectidtoodh thescowtatestep emdsthp asssoiveed

bacteria. 5 ORGGRICENERIGH & HedvancaRyeds requeed as e
precedi ng cl ghsfewatbiepRisestthRughIfelacestiorygpn
concentration of wastewater towards the begi nning of

t he aer at iCona sedimnergaiion step, naegein o¥astewaien tratthasipassed

o/l through the aeration step is substantially separated into

treated water and sludge; and
d. a sludge recycling step, wherein sludge from the
sedimentation step is 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
from 0.2 to 1.5mg/l.

3. A process as claimed in claim 1, wherein the dissolved oxygen
concentration of wastewater in the contact step is maintained at
a range of from 0.5 to 1.0 mg/I.

4. A process as claimed in any of claims 1 to 3, wherein the
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 towards the end of the
wastewater’s passage through the aeration step encourage

sporulation of the bacteria.



10

15

20

25

30

6 . A process as clainmed in any of the preceding
cl ai s, wherein the dissol ved oxygen concentration of

woamvevmser towards the end of the aeration stBEI/EB2008/065624

the range of fromO to 0.33ag/l. 7 . A process as
claimed in any of the preceding clains, wherein the
wast ewat er takes at |east 4 hours to pass through the
aeration step. 8 . A process as clained in any of the
precedi ng cl ains, wherein the dissol ved oxygen
concentration of the wastewater continuously reduces
as it passes through the aeration step. 9 . A process
as chai med\ procesy asfclaimeddn ecwdifige oredadng olbensi wheren
wast ewat er, nt.ai_ned at th@rrec It I.SS

oxygen colieAisa AR B EontrarEh ohtethpfy thitarcs the

oxygen t o e@fnies bEwR! firatidd steps i @ fehgRSofGtdrh el td 1.0
claim 8, V\,her ein control of supply of oxygen conprises

a noni toriM@l-step in which the dissol ved oxygen

conceptra .
compared AgaPags onSelfEsl RANEorik PRARHER g, wherein
f eedback #ieegissolvediozirgémeonearmeatioh afeﬁésiewiateg tds\hards the
oxygen to the wastewater is controlled in order

i ncrease 6Pd@éEIas@lieRSRRIRINNefargs gehond ¥Q1Q3 mg/l.
wast epat eﬁ\éﬁ’e céss 5§c%rr¥1éd‘?n ah hf—héj&?fé&ﬁgddlélﬁ@ Vi#ftrein the

oxygen concentration vvaste ter rocess as

cl ai med iwasteywatér thkes pt leastd mgucd & pass t\hfmrgh imetderation
supply of ,oxygen to the wastewater is varied in order
to maint aifiPt he wastewater at the recited di ssol ved

oXygeg CON¢eHEdsRtdOA8imddin afy Bf Pegtecading/cHimedwhBrein the
any of the preceding clains, wherein the bacteria is a

spor e f ordisss@vaéoxmeracqrmentnatlpn@é &he wastayyaiereentimiously
erein.the e Bacillus

andl or - oi'GBLPraPR M EResdoh the setABr B C il ned i n

cl ai ng 13, A WhedeRisiad E18ink&e tresmPof Biebbreceding claims, wherein the
wastewater is maintained at the recited dissolved oxygen
concentrations by control of the supply of oxygen to the
wastewater.

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
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
the wastewater at the recited dissolved oxygen concentrations.

12. A process as claimed in any of the preceding claims, wherein the

bacteria is a spore forming Bacteria.
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subtilis, B. vallisnortis, B. anyloliquefaciens, B.
licheniforms and B. negaterium or any conbi nation

wo b@weefose 15 . A process as clainmed in any of PEEEP2008/065624

precedi ng cl ai ns, wherein Bhe bacteria is a nutant or
vari ants of any of the above recited bacteria that is
capabl e of form ng spores and of breaking down

nol ecul es that conprise nitrogen, carbon , sul phur
chlori ne and/ or phosphorous. 16 . A process as cl ai ned
in any of the preceding clains, wherein the bacteria
are m xed species populations wth the bacteria

reci t&3 i A pnogess asciimedIn c@i2l 2 vduseainrtaeibagteriaris. from

0h0e5s e bAdoRBkglicalhgoct 10 ©1e ™

sedi mpnt ah ippdcdsards @Iﬁﬁnéchﬁh @hmhst wHeRin the bagtefihas med
at 1m or above. 18 . process as clainmed in any of

the pr eceﬁlm’éS,cBalVﬁﬂlSmﬂﬁ%? & eireligialagjens d?-richgniformis
bl ket d
Pt med d B AR o SRR iAGEDE 199¢

sedi mefit aA ippoicdsards lainhediindawyithe preb@dnngsclaj#nsf Whm‘eln the
0.3-1 .5mh. 19 . A process as clainmed in any of

pr ecedi ngb%qt%\"'@rts a M?@ﬁ "l ‘f%@”ifﬁ abRRY pgthpeqb‘gv,eergcqt@p

t he sedi r

process aﬁrbsaégé%gu neétllggg%%&é o}f&ﬁ%%gg |%gd %\I%re'%klng down
wherein tmelesutﬂsdhet scnmbase nitsogens; ealrbtolml ;a8ubohigt, raédrinee
vvlthav0|dth m?}os up nore than 92% of the

reticul at%’&plg'fﬁ’u%% RIYOEOWS-t ot al vol ume. 2 1. A process

as cl o6 Medl prdcedRYaOélaliied M 8926 thg SrbabdiRg cYﬁh%eWﬂeFélﬁ the
support surface conprises any one or nore of

f ol | owi ngoasjeriaete mixasl sm@s popaitiprYithdhe | bacterla recited
pol yest er, ol ureth t her -.pol yur et hane,

pol yvi nyI héﬁ] (% asgf(%/ ? %ﬁ? 'H@t 5%1 ori de and

pol yvinyl A gessess! A06IGed P Nyt m@rmeaédmgrclalms whereln the
thereof.22. A unit for treating wastewater,

whe
the uni i e fafens. a blakekindbatsesimeaiAkon i#nleAnd the blanket
i ncl udes go GHRPATintE MRS R3r WBLEE.

18. 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.

19. A process as claimed in any of the preceding claims, wherein the
sludge is retained in the sedimentation tank for 1 hour or more.

20. 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.

21. 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,
polyether-polyurethane, polyvinyl chloride, polyvinylidene

chloride and polyvinylidene fluoride, or any combination thereof.



10

15

20

bacteria are retained and that is positioned so as to
cone into contact wwth wastewater retained in the

W@ ovacioss ank; (b) an aeration tank that incl UPEFEPBas665624

for passing gas through wastcewater retained within the
aeration tank; (c) a conduit provided between the
contact tank and aeration tank and through which

wast ewat er can pass fromthe contact tank to the
aeration tank; (d) a sedinentation tank; (e) a conduit
provi ded between the aeration tank and the

sedi nentation tank and through whi ch wastewater can
pass 22.orAuhé ferehreatirtg]waaheMIat@, winergisdheneinitoimprisesnk ;

(f) a condu etween the sedi nent tlont n

bt e dor beBteBl AR RElghS B otk s Oh. WA

passctbfigayéd Retaped ditnthat isofbdittdhed so b8 € eemedto écﬂﬂhct with
and (g) a wastewater dissolved oxygen concentration

coWﬁ$f@IWarﬁ@’aﬁ¢§a|69‘#Ja'bt® entaelitanli ni ng the di ssol ved
concentr gﬁwnagfatl‘gﬁst%ﬁwﬁ{a‘?ﬁn 1G4 ﬁ]%%n%%tt r@ggﬁ]hrough

t ank at ess and capa
di wasteveteroeygred adthirethier @dration ténlwast ewat er as it

passes te(r:)oau gnctluhlte prle)(\enrdaetdI ger}wte%mhg rc:o%ta.laclt(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 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.



