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1 WATER TREATI NG METHOD AND ARRANGEMENT | NTEGRATI NG A
FI XED- BACTERI A Bl OLOG CAL TREATMENT AND FLOCCULATI ON
DECANTATI ON  Thi s i nvention rglates to the field of
water treatnent. More precisely, the invention
relates mainly to a nethod conbi ni ng hi gh-speed

bi ol ogical treatnent of 5 biologically treated water,
using fixed bacteria and clarification with ball asted
flocs. The invention nay be used for the treatnent of
any type of water containing inpurities that could be
elimnated by a biological treatnment with fixed 10
bacteria requiring clarification after biol ogica
treatnment, particularly such as the follow ng, w thout
prejudice to equivalent use for simlar applications:

- waste water treated by a bacterial bed in which the
treating bacteria are fixed on fixed supports 15
(rollers, plastic or mineral linings) or rotating
supports in the water (rotating disks or drums to
provi de the oxygen necessary for the bacteria) in
order to elimnate excess sludge fromthe
biologically treated water; 2 waste water or water

i ntended for human consunption treated by an MBBR

(NbVWﬂ&Eﬁe%R WY SRTHORE AR ARR AN 1i%GRATING A

parFE&EbaBmyTEaﬂmom&ommmiCAMﬂﬂmmAEMmNT AND FLOCCULATION-

DECANTATION

This 1invention relates to the field of water

treatment.

More precisely, the invention relates mainly to a
method combining high-speed biological treatment of
biologically treated water, using fixed bacteria and
clarification with ballasted flocs.

The invention may be used for the treatment of any
type of water containing impurities that could be
eliminated by a Dbiological treatment with fixed
bacteria requiring clarification after biological
treatment, particularly such as the following, without

prejudice to equivalent use for similar applications:

- waste water treated by a bacterial bed in which

the treating bacteria are fixed on fixed supports

(rollers, plastic or mineral 1linings) or rotating
supports in the water (rotating disks or drums to
provide the oxygen necessary for the bacteria) in order

to eliminate excess sludge from the biologically

treated water;
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5 nitrate pollution, are fixed on supports with a
small unit size, typically between a few mllinetres
and a fewcentinetres, with a density simlar to the
density of water in order toZenmove excess sl udge
fromthe biologically treated water; 10 - waste water
or water intended for human consunption treated by
biofiltration on filters lined wth |arge dianeter

material, affusedydeEyrCoBE NUplSr Cl SAPLAGQT €XeeShuman
bi ol ogical and filtration sludge in which the

tr @msmlglpkta@merti@a(qml t brulear INBRRr b%@at@@u@edwiological

a Qr. nifrat [lutio are fi on, af [ter
support 53Und%?|o§l§§nﬁ%§%dg% %a}?54%g. £ des1gned to

pe&ﬂdﬁt(ybﬁidﬂldﬁ Sp@ﬁﬂiéﬁlaﬂlprdatbbﬁabeﬁﬁme %Xﬁe&ia or
sludge fromthe biologically treated water. In th
curiémats AR Bt 19 ar¥e \GAFE Bht BRPRYGES 281E§cé‘sssmall

sl ce
%ﬁ%%‘%f&%‘ ?V?écgéﬁyomﬂjﬁ§gnp509§§ﬁ Mﬂiflméﬁfgg and a

bacteria opera of the bacterial bed
orfMBBRaqqueUneanuwﬂtw gzl denhbiieg eAamalelrassi ddle density
clarifier functlonln at s eeds er

d
o matLet, L bhher (SR L a e R BEete Sl B the

255g@9d§y3d31¢25yéatedrugﬁé@ it necessary to have
| arge surface areas in order to achieve the

clarlflcawaﬁﬁevwWﬁtﬁ§ce§§aryWaF€§rt#ﬂ?%ﬂ@@%gléﬁr human
RRALITRMor 1 BT €rd e 8a ! RO 1 (LG £ UBKEH13ELE 1 4neq

scrl pat ent appli cation
FR&ﬁlﬂQBﬁanﬁQ ﬂmbmesbednmmdﬁm&ﬂﬂxﬁré 19888, for continuous

assoc i
Iatlggdﬁptégéé%%hgga g%? Slt%?%tﬁﬁﬂkfgtf%n sludge in

which the treating bacteria (particularly carbonaceous,
ammonia or nitrate pollution) are fixed on a filter
support foundation composed of balls, cylinders, pearls
or similar supports in order to remove excess sludge
from the biologically treated water.

In the current state of the art, water containing
excess sludge produced by a biological process with
fixed bacteria operating continuously, of the bacterial
bed or MBBR type, is usually clarified in a classical
secondary clarifier functioning at speeds of the order
of one meter per hour (usually from about 0.6 m/h to a
maximum of 2 m/h), making it necessary to have large
surface areas in order to achieve the clarification
work necessary after the biological treatment.

There is a technique in the current state of the
art described in French patent application FR2719235
published on November 3 1995, associating an activated

sludge treatment with a clarification treatment by
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flocculation- settlement with ballasted fine sand
floc, in order to clarify water at surface settl enent
speeds of up to 6mh or nore. Due to the use of
bal | asted floc settlenent, this 5 technique that is
capabl e of achieving settlenent in surface areas

al ready reduced by a factor of the order of 3 to 10
has the di sadvantage that it requires the use of

actd VAl Bt Shidae: @s1 dhen 01 0l 09 58 14 $8ad NBnde s@idoghoc,
10 Activated sludge has severallbéfes of

dits s@ivdet ages C1RrAESY| yatele adctguriatt stldgenaitiui yraeds

kﬂgt the ggvﬂréaj:rgggjng bacterial mass is clarified,

i %%spen5|on i'h THe wat er out put fromthe activated
15 sl uslge pontheandet b \tastl amjent i ioofset @redercat | Onis
sludge is recircul ated sp_as to maintain the bacterial,

RREIREERR sEPRLS oFS t FERBRERt Th BRBISYIPTatEd SiTRE 10
Ronds, éﬂha)@@agsaﬁ%%dgeeeauwat 3ot | Py ats acihd O¥kder

rate of npre than about twce thé flowrate to be 20
tofaBedd slhebessahe dikadvpriczoenthat gt requires the

recircyl ation of .slud usual I y. of .t.he or.der, o

% b%Ct%Y%E?Qd,SLﬁﬁgfﬂ%gaist a e%oslgflfgtl%%éoné¥%%§ ent
le@Eogsettl ement structures; Secondly, settlability
requi rements for activated 25 sludge nmake it
necessA¢yivated ni t sddoncehfBat i oFEGF 2 hct | VPSS of

S ' ond to values of the order of 3 to 6
S alsiaeeb 0

spen olids (SS) per litre (even in the case
of clarliféchyj ontha thchalbastiedsfudgs requires that the

entire treating Dbacterial mass is clarified, in
suspension in the water output from the activated
sludge pond, and the vast majority of clarification
sludge is recirculated so as to maintain the bacterial
mass necessary for treatment in the activated sludge
ponds, which usually means that settlement at a flow
rate of more than about twice the flow rate to be
treated is necessary, taking account of a recirculation
of sludge usually of the order of the flow to be
treated, making it necessary to construct large
settlement structures;

Secondly, settlability requirements for activated
sludge make it necessary to limit the concentration of
activated sludge in the pond to values of the order of
3 to 6 g of Suspended Solids (SS) per litre (even in
the case of <clarification with ballasted flocs
according to patent FR2719235, unless very high and
economically unrealistic recirculation rates  are

provided), which considering the biological mass
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according to patent FR2719235, unless very high and 30
economcally unrealistic recirculation rates are

provi ded), which considering the biological nass 4
necessary for the treatnent df a given pollution flow,
require |arge pond vol unes conpared wth the vol unes
necessary when the biomass is fixed; Finally, |arge
concentrations of dry material in 5 the water to be

SLdd etk {3 FQrOcHeSSbhrhRali I theyiwhpl peathero®f £low,
| arge reagent doses (often nore than |ng/1l of

frm@u)a@t ilerrgeol yord ) vodnmgsprexipared y wigbubihed vpowmes
rates due to the recjrcul ati udge, leading to
|37 == Tyt e%pﬁéﬁ ?%%%% gg #%%éﬁhin pur pose o?

this inventipn nsrbe seneentheseons obkedybymaterial in
di vul ging a water treatnent process, characterised in

tHae WRtesnpre sk iseiddqients &C 1%adt SHd fiS@Yre the
B Hg%??g%é}ho%falla&ﬁ%at et eRRfeAt (beash md ehan

fon contained In Said water, the 15

?ﬁ@gﬂgicaﬁiy plocukdt ibow ebtlaimesd .at ohe epPpaKimpsmly
i S.step_containin ess than 2 g/1 of . hef [

| oSpRAL Eo TeREMAE Sibp hanEoqt T dAEF i g Ot shage,
fi;ega%gt tenisebt! eamAknst epnwukipthbahkasted flocs in

whi ch: 20 the biologically treated flowis transferred
into Ehei Xiaig zOHEPOEEefEF abhy Sat 1AV SR e t ¢ Sgridi 8RtVe

R
iaha&bedeaﬂ@easihekﬁatniaugpmmﬂnmeanumia¢qMﬁm$;aﬂ:least
one fixed biomass biological treatment step of at least
part of the pollution contained in said water, the
biologically purified flow obtained at the output from
this step containing less than 2 g/l of SS before it is
input into the next step, and at least one
flocculation-settlement step with ballasted flocs in
which:
the biologically treated flow is transferred into
a mixing zone, preferably at a velocity gradient of
between 10 s' and 1000 s’', in which at least one
insoluble granular material denser than water is
injected and is held in suspension and in which at
least part of the suspended solids are left to
aggregate around the particles of said granular
material,
the flow output from said mixing zone is
transferred into a settlement zone in which a clarified

effluent is separated from the settlement sludge mixed

with granular material,
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25 |l east part of the suspended solids are left to
aggregate around the particles of said granul ar
material, the flow output fromsaid m xing zone is
transferred into a settlenem zone in which a
clarified 30 effluent is separated fromthe
settlenment sludge mxed wth granular material, 5
the granular material is extracted fromthe settl enent

sl udgeneandyrost1HF | hatsrigtyclied igxtsaictedn Xifgh the
zone, the settlenment sludge separated fromthe _
fretilerents phuderal aps dastacfedit Cémparesyadiech ithesaid

%ﬁ%e%gzéﬁ‘ee art for activated sludge, the invention
enabl

a _co’npact bi ol ogi cal treatnment due to |arge
conceniheat sonisl ©heht osRssgepespabeed thrdm xege bgoamgsar
processes,, while treating 10 only a flow rate

AP &t Mat BF VoEKRAFEES the flow rate to be treated

(the qRdypdidd eqenee 08l Ngraby-okeeheCHkat iy activated
necessary for periodic washing of the biomass
ssppdge ) itheedomkntiatec smedtliesn, abecaupactt hetelpgical

no need for sludge recircul at]j riac15, .
nte]_f:%%%%??/tf oau?r eg ment el ngé?orpieedﬁg%&ta?ﬁ%;r %ppg%?rflass
Whb €61 1 BElUGES ht IEi -8 Zeb 0bmaBe priddeasent, iwisikd | areahsng

by a first reduction factor. According to one vari ant
AniYiedi AHOMt iTGH-S atPPT @RI batY szuﬁﬁe t?et‘ilFeen‘EaL?w rate

stydogeseraraledalromide. 2,0 agubaErBRLETT Ale SR any
al'so be recycled to e m xing

recirculation necessary for periodic washing of the
biomass support) in secondary decantation, because
there is no need for sludge recirculation, the bacteria
necessary for treatment being fixed on their support,
which reduces the size of the settlement installations
by a first reduction factor.

According to one variant of the invention, at
least part of the settlement sludge separated from the
granular material can also be recycled to the mixing
zone.

The method according to the invention can also be
used for treatment at high « mirror » speeds (treated
flow divided by the settlement area) in secondary
decantation, at between 15 m/h and more than 100 m/h.

The wmethod according to the invention can also
reduce quantities of flocculent polymer used due to the
smaller quantity of SS to be flocculated (only excess
biomass needs to be treated, namely concentrations of
less than 2 g/1, and usually even less than 1 g/1l) and
due to the fact that approximately only the raw water
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zone. The nethod according to the invention can al so
be wused for treatnent at high << mrror >> speeds
(treated flow divided by the settlenent area) in
secondary 25 decantation, at Between 15 mh and nore
than 100 mh. The nethod according to the invention
can also reduce quantities of floccul ent polyner used
due to the smaller quantity of SS to be floccul ated

(ORhYWEXLES S rehicREmS sHLOELESe t @ HRe 1heahefon NARIY not use
concentrations of 30 less than 2 g/I, and usually even

| esdudgen req/rPulaidorduehap ghubfast tiigatflow rate to be

appr.oxi ely only the raw water 6 flowis treated

(b Egﬁgggﬁhe i nvention does not use sludge

reci rcubatiferabhgt, dowdies theikéew ratiembesbe biological
treated). Preferably, said fixed bi omass _bi al ogi ca

5
t r EXEAEAENSt &5 SPs 1¢h GOF AP ih & ol iWviig g™ Piological
g'eglr%%tg]@lnt_ tre. U typeseagt errplgdeds .« so N NI Bed

ogi cal “Reactors >> (MBBR5), biofilters,
bi 8iodiogdlcaldi Réactdtso» pr@fBaRabl .y, bsafdlbevrasdiiclogical
fi edk}o a 10 support chosen from anong the follow ng
tyé&f S-balls, rollers, plates, ribbons, pall

raschi gaQlscsi Pirede oy, risids digemsy dranEiddiesao a
supports being fixed or nobile, or in suspension in
t heupRCat tadsen rideeedang@dahhggéeddPyinghéypes - balls,

coneqnthall o QeSS likddies, bl OLOGIGA Yool Sy cype

ta’'n at t'he out put’ from' t T1rst ol ogi ca
trediment &ispsi orl edsutdhanthgke. supports being fixed or
mobile, or in suspension in the water to be treated.

Advantageously, the concentration of SS in the
biologically treated flow obtained at the output from
the first biological treatment step is less than 1g/1.

Also advantageously, the process according to the
invention comprises a step consisting of injecting at
least one flocculating reagent into said mixing zone.

Preferably, the process according to the invention
also comprises at 1least one step consisting of
injecting at 1least one coagulating reagent. This
coagulating reagent may be injected on the input side
of said flocculating reagent, in the mixing zone or on
the input side of the mixing zone and/or in any sludge
recirculation loop.

This coagulating reagent may be in the form of a
metallic salt (for example 1like iron chloride or
aluminium sulphate) or in the form of an organic
coagulant (such as polyDADMAC
(polydiallyldimethylammonium chloride)) .
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Al so advant ageously, the process according to the

i nvention conprises a step consisting of injecting at
| east one flocculating reagent into said mxing zone.
20 Preferably, the process acdording to the invention
al so conprises at | east one step consisting of
injecting at | east one coagul ati ng reagent. This
coagul ati ng reagent may be injected on the input side

of sai dsfi-acgul ahl;%t&%ﬁg%rft a i@ 1ModaRe 128180 -8 ent
25 the input side of the m xing zone and/or in any

sl guge aﬁecﬁ@r@ﬂ@wmrm.reﬁﬁu@e@o‘agal apnhgnte@éeﬁtreated

e.in the formof_a tallic s f,
é@glronQJﬁ%ﬁy B T gﬁ¥%#unlsu e%é% or % Sﬁhorus'

foums@f tta0r gas an30L cpagul pat (]SJthJ’E aSWpahy@ADMa@derlng
(pol ydi al | yl di met hyl anmoni um chl ori de)) . Such an
i NPECHTEEN O&f thembdamaIs sc PeFAVvRS 'S é%tfj’eﬁﬂ Adih 1gs reduced

f e ¢ h&ﬁélﬁ!ﬁoﬁ g;g]%%atb cSPRLERt of tdiRAtRA e Wab8EL of

to very |low final ues o resi dual phosphorus ess
t haheord wdidd igrarbperet¢iteelavedhont thendepiigside or in

h of the bi b t.he phosph
o HEod 51 Tr AFE biB COrEar (vealRGREYCFUrLhBIRRFEOR of

pabho@fphotﬂm% shHdgecsapphanied r eHkatesk o ft hené Nnpttjected
side or in the mxing zone in order to inprove .
el cwegatiadAnef rpassPhor XX aR@SEdLdpt i ATSe tHfe LedUeP 1ts

th%on ug% ted 10 coagul ating reagent, or possibly even
itS consunption. Al so preferably, the
reSIden@&lenpKﬁféﬁﬂbﬂy, the residence time of said

biologically treated flow in said mixing zone is
between 1 and 10 minutes and is preferably less than 3
minutes.

This invention also relates to a biological
treatment installation for waste water specially
designed for implementation of the process described
above and characterised in that it includes:

- a fixed Dbiomass Dbiological treatment zone
comprising at least one biological treatment reactor,

- a mixing zone provided with at least one
biologically treated main flow arrival channel,
obtained at the output from said biological treatment
zone, at least one secondary arrival channel connected
to a source of granular material insoluble in water and
denser than water, and at least one stirring system;

- a settlement zone receiving the flow originating
from said mixing zone and provided with a clarified
effluent extraction channel and an extraction channel

for the mix of settled sludge and granular material,
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biologically treated flowin said mxing zone is
between 1 and 10 mnutes and is preferably less than 3
15 minutes. This invention also relates to a

bi ol ogi cal treatnent install8tion for waste water
specially designed for inplenentation of the process
descri bed above and characterised in that it

includes: 20 - a fixed biomass biol ogical treatnent

zone conprisifga@tileast piebipl 0gi GalcddeaattTrm zone
reactor, - a nixing zone provided with at |east one
bi cbvginakkyingeatedheainletowidby iseald exgmaeition channel

bt ai t th t put ' bi ' ,
OoL 0 2tk B R LRS00 P05l L pohER

COBABCt @Shmii @i @ S5Otk C & tof t P arsl e tratvéthal sans olsellomdary
in water and denser than water, and at | east one

st BFRRHgasystehpriag shtitemsiieiGde PBCe ViR 3R excess
fl qrboLpating ; S epL$@ied M xi ng zone and provi ded
mﬁgﬁhagclari%?eglo 0 ef??ﬁ%ht extracti on channel and
an extr actifemabhgnnedafdrbibiogigadf tewEtinents|ipiye is of

and _granul ar materi al -.a.gr l.ar terial
regﬁge%&ﬂt&ﬁl? ng’egon%%’ché’ﬁ J?g"’?r]lliﬁ? irEHﬁ’Ipe?t' with said
extract heaoChannetaidgr tbheond Xvakisatt led shadgeranttion,
granul ar material, and communicating at the outl et

wi thes ding tedd@tdary SompEhes arneaner P&l reFYet i8Famtelleast

o grtggosp S0 atadds SRR D EhaANELne,  qrapular
bagkekirdla 1hedowdBBR amheimifdilrterzdnepe.

Also preferably, said biological treatment zone
comprises biomass supports chosen from among balls,
rollers, plates, ribbons, pall, raschig or similar type
rings, disks or drums.

Advantageously, said mixing zone comprises at
least one tank in which at least one steering means is
located capable of keeping the granular material in
suspension.

Also advantageously, the installation according to
this invention comprises means of injection of at least
one flocculating agent such as an ionic or cationic
polymer, into said mixing zone or in said main inlet
channel for said biologically treated flow.

Preferably, said installation comprises means of
injection of at least one coagulating agent such as a
metallic salt or an organic coagulant, provided on the
input side of said means of injection of said

flocculating agent.
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Al so according to one variant of the invention, 10
the installation conprises neans of recycling at |east
part of the sludge separated fromthe granul ar
material, towards the mxing Zone. Also preferably,
sai d biol ogical treatnment zone conprises bionmass
supports chosen fromanong balls, 15 rollers, plates,
ri bbons, pall, raschig or simlar type rings, disks

or drungisAddyantagenis)y, saald Jhaduith ZORELERRBNI SBS sand
at least one tank in mhlch at 1east one steering

mewhshi s dinsgatiahcaphblecsh keepi ngichengtamsl arand 300
mat erial in__20 suspension. Al so advantageously, the
i nStafratron” according to this invention conprises

nmeans ohctsjethyon tof adnéeastriane flodwdiatdmtg agent the

such as an ionic or cationic polyner, _into said

m kPHERESAB . or SRhdsaf Bt hBFHETRI 70125 %@%%né}otf oay4 d3any
gggngglly treated flow Preferably, said

installation conprises neans of injection of at |east

one coagubardmggagenansmhhrayaalawﬁbabbud.§@W¢l@me@ﬁ zone

oraanlc coag Iang provided on the input side of said

medh§®o Vﬁj h2f said 30 flocculating agent. 9

Al so preher abhyentssbd gr@nutpe naieidwd bSvaamdgest lof it
di nrensi ons between 40 nmicroneters and 300

ni Widket BEs. MAEEor §iwd 1o owelergtioast efted meveddmg  the

;230150&9%§n55g%ri%%H%n§%&tQQQE£4£E§HFE5¥¥$%'@Hbdﬁ%ﬂ%nt of
the invention given with reference to the single figure
that diagrammatically shows an installation combining a
biological treatment step by RBC (Rotating Biological
Contactors) with ballasted settlement flocculation.

With reference to this figure, the water to be
treated enters this installation through an inlet 11 to
a tank delimiting a biological treatment zone 1 with
fixed cultures.

This tank is shown in the figure equipped with
rotating biological contactors made by vertical disks
mounted on a common horizontal axis 12 in rotation,
acting as a support for the treatment biomass.
However, note that any other method of supporting the
biomass known to those skilled in the art could be used
without departing from the scope of this invention.

The air necessary for biological treatment is
brought into contact with the biomass by rotation of
the support disks.

The biologically treated flow in this tank that

then only contains the excess biomass from the
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| anel a. According to another variant, said settlenent
zone does have lanella. The invention and the various
advantages of it 10 will be nmre easily understood
after reading the follow ng &Qscription of a
non-limtative enbodi nent of the invention given wth
reference to the single figure that diagrammtically
shows an installation conbining a biologica

t r eatgmiiersd e e BEHRotBY / NH B Sl O R d 1$1ids, passes
Contactors) with ballasted settlenment flocculation.

W tHEVRBE eh R $53 91 3L fiyur ebanhedvpterting e mixing zone
treated enters this installation through an inlet 11

to a tank delimting a biological treatnent zone 1

with fiwdedhicul ttiees fraBeboirk t affk thishosnboditmdmet, this

figure equipped wt rotatin i ol ogi cal_ contactors .
rrag’éastﬁfi Jrer 5 ctj'l“"_‘tdi S rfbufft b}?)JrP]ag%Jo‘FﬁJoW hor§30ift afnlet
aximdh? 18 kebakedN to agt LRGgAs BPRY tihoh Wemon wall
treatnent bi omass. However, note that "any ot her

metSRRRIGIt g gare | rapk hde RBnbt brmsth& neoiwl @i echbsereatment
ski d . t .C d . used it hout departin
éé@%élg%%%g Oetﬁéﬁﬂ.défaéﬁé%ﬂg%ﬁﬁg]m1x1n ZO%ﬁy .

from 'S I nvVén e alT necess

for biolmgiscatahkeatgleintiting beaeghtistii® eonkact Wst halso
the biomass by rotation of the support disks. 30 The,

bi AGYERY y Witdat &d FIEGREST t Kils BBAK BhafSCPRGRT BNl inlet

contipififet heoexcgssqbiammas f RPN 110 S RAEN S sana
| ess than ig/l of sUspended solids, passes
composed of the underflow 41 from a hydrocyclone 4.

Finally, this tank is provided with wmeans 24 of
injection of a flocculating reagent and means 23 of
injecting a coagulating reagent, that can for example
be an iron or aluminium salt, or it can be an organic
coagulant such as polyDADMAC, provided on the input
side of the injection of the flocculating reagent.

Note that depending on this type (preferably
ferric chloride) and its dose, the coagulating reagent
can eliminate phosphates remaining in the biologically
treated water.

The treated water containing ballasted sand flocs
in suspension, is then directed through the baffle 34
to a settlement zone 3. The settled mix of sludge and
sand is picked up at this point by a scraper 31 and is
pumped through an extraction channel 35 to the
hydrocyclone 4. This hydrocyclone 4 forms a zone for
recuperation of the granular material (sand), the inlet

of which communicates with the extraction channel 35
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through a passage 21 in a tank delimting a m xi ng
zone 2. Wthin the framework of this enbodinent, this
5 passage 21 that fornms a main biologically treated
inflet flowis reduced to a sthgle opening in a conmon
wal | separating the tank delimting the biologica
treatnment zone 1 fromthe tank delimting the m xing
zone 2. This tank delimting the mxing zone 2 is also

10 provie b itdt SHHT@! %2 EbEREONdMY d&triow 41
channel of a granular material conposed of sand

C 0 fFuTEdLD ft Iteh es aprmdeteftvo vg BNy ragm e tapolradc yadiaome 14,
Finally, -tthis_tank is_provided w.th ans. 24 of
i nj ecti on Tof “&" I8€%ufaf?ﬁ8rF§a§%htugﬁgrﬁ%gﬁs‘5% ffom the

15 Hyjrechidigpre coagud ai s ngetgageat withabrcan thefut part of
exanple be an iron or alumniumsalt, or it can be an

or §alf LR uFantheudh X4 pAFRRAEL L peoFGedegP ity of
I nRYe §}EE-OFcib8ebNkeGhyen &f L uleatd i roui
reagentﬁyhb?gy%%ate%egengﬁﬁb:Bn t%?§£%§%§ f%%ggggﬂﬁﬁfCUlt
20 42erto cachllodoge )t raradnierg: dosesgtbhegeoagebat (g shown) .

reagent can elimnate osphat es remai ni in.the
L A Headit btd B dre R RS Sad SRt O /oAl Granular
comizaidving balduast eaesaﬁéic%&p@a i SUHRNS @RinkgS zone 2

then directed through the baffle 34 25 to a
settrauaht W 221The settled mix of sludge and sand

i s pick eu%lﬁattritiﬂi R\Piﬂgr bj}/s Q:égér?p@gt Béf at;}ge i Settlement
punped through an extraction channe to the
hydraowy cl ome dhe Thugfhydr atiyolugihe ah fortmat zonecHainel 32
{ﬁﬁUéﬁ&ﬁ{éﬁ]éﬁugg§3§g§nular mat eri al (sand), the
The installation described has been used to treat
town water. The sand used has an effective diameter of
130 micrometers and a real density of 2.65. Ferric
chloride was used as the coagulant, with a content of
50 mg FeCl;/1. The flocculent used was an anionic
flocculent with a content of 1.5 mg/l. A sand/sludge
mix recirculation rate equal to 8% was sent to the
hydrocyclone with a sand recirculation content equal to
5 kg/m® of effluent output from the biological
treatment zone 1.
A mirror settlement velocity in the settlement
zone equal to 30m/h was implemented concomitantly.
The flow obtained at the outlet from the tank
delimiting the biological treatment zone 1 obtained
contained less than 600 mg of SS/1. This installation

was used to obtain treated water with less than 20 mg

of 8s/1.



30 of which communicates with the extraction channe

35 11 and the outlet of which is conposed of the
underflow 41 formng the secondary granul ar materia
channel . Al sand is recovered2in underflow 41 from

the hydrocyclone 4 and is recycled with or w thout

part of 5 the sludge to the m xing zone 2 while the
majority of the hydrocycl oned sludge is extracted
throughrgiheuits s 42 42,3 idge L5684t 1BBE Af SIOSA0€han 3
area (not shown). At |éast sone of the sludge
sepaeatsed ff isemdt fpe g canilcame teat exfi alatesultdepeed.

recycled into the mxing.zone 2. 10 through 421, .
The cIa&PFiéﬂ“%%é%We$% ggkgﬁm%u n%ﬁn%h%ﬂS§F§E§§§§9 Hrein
ZORg 307N itrﬁ%\rﬁ/ld\fa%acieltterﬁd@@ftoalire@(idea@tdsamcﬁiwnel 32

i ncludi ng chutes 33. The installation described has

been used to treat 15 town water. The sand used has

an effective dianeter of 130 microneters and a rea
density of 2.65. Ferric <chloride was used as the

coagul ant, with a content of 50 ng FeCl3/1. The
floccul ent used was an anionic flocculent with a
content of 1.5 ng/l. A sand/sludge 20 m X

recirculation rate equal to 8% was sent to the

hydr ocycl one with a sand recircul ati on content equa

to 5 kg/nB of effluent output fromthe biol ogica
treatnment zone 1. A mrror settlenent velocity in the
settlenment 25 zone equal to 30m h was inpl enented
concomtantly. The flow obtained at the outlet from

t he tank
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delimting the biological treatnent zone 1 obtained
contained |l ess than 600 ng of SS/I. This installation
was used to obtain treated water with I ess than 20 ng
30 of SS/I. 12 There was al@ery smal | sand | oss of

| ess than 3 grams of sand per cubic neter of water
treated. The enbodinent of the invention described
herein is not in anyway intended to reduce its scope.
13 CLAIMS 1. Water treatmgpzMgy ocess characterised in
that it conprises in sequence at |east one fixed

bi omass 5 bi ol ogi cal treatnent step of at |east part

of the p |Utlgﬂrfgﬂ%%5glg%% ESEtﬁEgged in that

b|olog|ca i) alne at t he out put

f:['@mddﬁip"rlﬁe@;p 1ﬁ0rﬁe’:qlmrﬂ:ga | @ss ldzamt 20gel mrfxﬁs biomass
before it is input into the next ste and at

é@?%é@%latfﬂfﬁﬁ@@e%‘ét 3Rt B WS balRaEt eé?sft the
f4>8f§u@§81qr déd'l‘g:atﬂlecy\h'l‘i’h sailiheydioF 0gitgal | blb&@?&@dlly

ow Is transferred into a mxing zone, preferably at
apuel btedy fjreadi eht:aloedbatweéhelmlstmlfanérmlootl'slsl step

otk hERS pR.IS, L0pel o .o apubee, M ofd ahnpu

SyaReNSt i %%&t'nsﬂ€p¢h éﬁd.|aQ381e@§tt dﬁetlﬂiocculatlon—
suspended solids are left to gregate ar ound t%
paettéemsnsf ShPR gWakH abaléﬁtsgferim locs according to

which:

- the biologically treated flow 1is transferred
into a mixing zone, preferably at a velocity gradient
of between 10 s ' and 1000 s™', in which at least one
insoluble granular material denser than water is
injected and is held in suspension and in which at
least part of the suspended solids are 1left to
aggregate around the particles of said granular
material,

- the flow output from said mixing zone is
transferred into a settlement zone in which a clarified
effluent is separated from the settlement sludge mixed
with granular material,

- the granular material 1s extracted from the
settlement sludge, and most of it is recycled in said
mixing zone,

- the settlement sludge separated from the
granular material is extracted.

2. Process set forth in claim 1, characterised in

that it includes a step consisting of recycling at
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20 - the flow output fromsaid m xing zone is
transferred into a settlenent zone in which a
clarified effluent is separated fromthe settl enent

sl udge m xed wth granul ar lftaterial, - the gr anul ar
material is extracted fromthe 25 settl ement sl udge,
and nost of it is recycled in said mxing zone, - the

settlenment sludge separated fromthe granular

NBd L8t apat s 6Kt eAet @dttdenBhocesnicrt Jepdhutddy oo the
1, characterised in 30 that it includes a step
m%mlsiamgn@ﬁelf@lycl G opEds 14he | BESINPFINDf t he
settl udge ar, feam r :

mat er i a1 %éwar ds t&hetg %%%?glg %gne%b%e%r g{:lelgslgt{ set °F 2
fcﬂﬁ%:l‘ad:tnefistérerlml ahat lsatd 2biotbaiesl etrsadnent t ha¢p by
said biological treatnent step b 5 fixed bionpss_is,
chbseth FPHMARBNGL T heSROFFBWI Eﬁo i ofBgieal BT eg??ri}]?mng
Y PESog F@&ieﬁkéthgg§ Vi nga BediBholdsal « Moving
Reactors >> (MBBRs), bi o ilters, biological di sks. 4.
MedessBselofocah | n Rewetofrsclai ns(MBRRSB, 1biofilters,
ha cterl in_ that said biomass is fixed to a

% ?l%?'l](s) g}l S%% om anong the fol l owi ng types - balls,
roI I ers, prat€sSs Igdponsrthalin baschvf eflaimd | ar to 3,
type rings, disks or druns,, these sup$orts bei n 6%0

ke @

fERRERBFCT HBBR| elN orthat s BbihsiDPIar % hé Shatdrt
t P S f ne scCL
iRt UaPaalspbenieitly O o namge pharl Sy,

inolthers, plates, rlbbons, pall, raschig or similar type
rings, disks or drums, these supports being fixed or
mobile, or in suspension in the water to be treated.

5. Process set forth in any one of claims 1 to 4,
characterised in that the concentration of SS in the
biologically treated flow obtained at the output from
the first biological treatment step is less than 1g/1.

6. Process set forth in any one of claims 1 to 5,
characterised in that it comprises a step consisting of
injecting at least one flocculating reagent into said
mixing zone.

7. Process set forth in claim 6, characterised in
that it comprises at least one step consisting of
injecting at least one coagulating reagent on the input
side of said flocculating reagent.

8. Process set forth in any one of claims 1 to 7,
characterised in that the residence time of said
biologically treated flow in said mixing zone is
between 1 and 10 minutes and is preferably less than 3

minutes.
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biologically treated flow obtained at the output from
the first biological treatnent step is less than Ig/l.
6. Process set forth in any_one of claims 1 to 5, 20
characterised in that it cohprises a step consisting
of injecting at |east one flocculating reagent into
said mxing zone. 7. Process set forth in claimb®,
characterised in that it conprises at |east one step

consi sti g Afogizal Njwddtiget | Basiaone cagutet | Ngaste
reagent on the input side of said flocculating _
madgent o8, impdeasntadicoreh thearairsof Sefaifpgth 1in
t : haracteri.sed in_that t i ti -
R g M T e R
3Ghdiataeen 1 and 10 minutes and is preferably |ess

than 3 mnutes. 15 9. Biql ggi gal _treat t
i nstall & i 5A%E6r M%S%va?éf?lggrw?ﬂrm Cremt &t on 28RSt het)

RIS 1 r{dyd | aj
charact er:f% e%ltpi %‘é‘%%@atoﬁ%%%ceﬁ: a%%a%me%% gffaCtor'

bi omass @i oliegingal zbneat f2ht cwer{9Ing comsr | Skngsaveral
| east one bi ol ogical.treat,nent react - } Xi. N

ztpar{g(s(’Z)pE%Yrb i iWé#Bng%o §&rerld k?%%}(%?fl%gr% dgtrjeated
wdih af1brast-rara1biciagicial (y1}) r edtadnedmiat filosv output

arrival channel (21) _obtained at the output 10 from
Saiem beal 8gid ol ogisadnEeHM Y 15°neatl 1 @adtt obRASt one

g&@&&?@a{%’x ga'r{ltﬂ/@él C@ﬁ&ﬁﬁél (44)) copngetedat 002, SQHEEe of

gran material 1nsoluble in water and denser
tdremular material insoluble in water and denser than

water, and at least one stirring system (22);

- a settlement zone (3) receiving the flow
originating from said mixing zone and provided with a
clarified effluent extraction channel (32) and an
extraction channel (35) for the mix of settled sludge
and granular material,

- a granular material recovery zone (4)
communicating at the inlet with said extraction channel
(35) for extraction of the mix of settled sludge and
granular material, and communicating at the outlet with
said secondary granular material inlet channel (41) and
with an excess sludge extraction channel (42).

10. Installation set forth in claim 9,
characterised in that it includes means (421) of
recycling at least part of the sludge separated from
the granular material towards the mixing zone.

11. Installation set forth in either claim 9 or

10, characterised in that said biological treatment
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water, and at | east one stirring system (22); - a
settlement zone (3) receiving the flow 15 originating
fromsaid m xing zone and provided with a clarified
effl uent extraction channel 1f32) and an extraction
channel (35) for the m x of settled sludge and
granular material, - a granular material recovery zone
(4) 20 comunicating at the inlet with said

%ﬁ@cgwn chagrelnd 3Bhctorigxt naad,i onpek tdie wigediter
settled sludge and granular material, and
dogypmini cating at the outlet with said secondary

g anulag LAl et chgonel gt) g wihan,

excess ‘sl udge €X channel
| dvsd 2d d Bd+ Deegetiof oehéit i Badldai Bidlogtbatl adtmeetsethtd nzone

that it includes neans (421) of recycling at |east
pekt 6PTPEE S§PudRECRRPAr UBROFIFEm Ckﬂ%%erg‘; r gf‘f Glgrameong  the

MBL Lo nd O the Mxing z9Rai1ekl, | pibakkat i onoseh
Forth .nnii _tv%?rjé%l B o 3004 Siar Lo oo
g@allsar?sghggogrcaimileatngpe téngzondighy P8 GFupfe
acterja ed, BR. or biofilt type. 1 :

| nst al}%ti%sg% _?B??ﬂ Fﬁgclfgfghlll,ry %%r%%? P s88?h°
that sai d Bi0leaisalsdd eameshazongaid (dixnoppracsas (2)
bi omass supports chosen from anong the follow ng
typesribas| @t r didaats, OpPat 81K r iidboWeichpart, Ieftthi gne

PLETLPLGE R80T e etz one
chasncteri sadeirnaihah sakgemsiiong zone (2)

14 . Installation set forth in any one of claims 9
to 13, characterised in that it comprises means of
injection (24) of at least one flocculating agent such
as an ionic or cationic polymer, into said mixing zone
or into said main inlet channel for said biologically
treated flow.

15. Installation set forth in claim 14,
characterised in that it comprises means (23) of
injection of at least one coagulating agent such as a
metallic salt or an organic coagulant, provided on the
input side of said means of injection of said
flocculating agent.

16. Installation set forth in any one of claims 9
to 15, characterised in that said granular material is
sand with dimensions between 40 micrometers and 300
micrometers.

17. Installation for the treatment of water set

forth in any one of claims 9 to 16, characterised in

that said settlement zone does not have any lamella.



10 conprises at |east one tank in which at |east one
stirring nmeans (22) is |ocated capable of keeping the
granul ar material in suspension. 14. Installation set
forth in any one of clains Tto 13, characterised in
that it conprises nmeans of 15 injection (24) of at

| east one floccul ating agent such as an ionic or
cationic polymer, into said m xing zone or into said
mai n i1g etieheamnedcion Fard bhel Q;g:iaa&Jn{eylt tcbéatved:er set
flow. 15. Installation set forth in _claim14,

charbt ép $6W ionehef idlacifpr? s&8 ﬂ'@anscreaz‘éﬁc%"'frlsed in
'%&ftégi‘d %eéhérﬁéﬂ 0Bf-CQ8QY! ALi801396MiaSuUCh as a
ne ITc salt or an organic coagul ant, provided on the
i nput side of said neans of injection of said
flocculating agent. 25 16. Installation set forth in
any one of claims 9 to 15, characterised in that said
granul ar material is sand with dinensions between 40
m cronmeters and 300 micronmeters. 17. Installation for
the treatnent of water set 30 forth in any one of
clains 9 to 16, characterised in that said settlenent
zone does not have any lanella. 17 18, Installation
for the treatment of water set forth in any one of
claims 9 to 16, characterised in that said settlenent
zone does have | anell a.



