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1 METHOD OF TREATI NG WATER BY BALLASTED
FLOCCULATI ON/ SETTLI NG, WHI CH | NCLUDES A CONTI NUQUS
MEASUREMENT OF THE BALLAST, AND CORRESPONDI NG

| NSTALLATI ON The inventlion relates to the field
of water treatment, and finds application, in

parti cul ar METHOD OIhEREANING WATERBY BARLTASTED

treat ment net hods articularly th [ [

{1 oc bk e DR A Qus RN Sy i NSy TS TeChinuous
consi SMERS@?&%M@WBF‘)TH : &LL%%qutﬁ)m)ﬁﬁESPONDING
wastewater, making it possible to flocculate at |east

a large portion of the pNSTABRBASIPNesent in the

water, and in then separating the floc 10 thus forned
fromthe purified water. According to one type

of preflr ed rS¥siadn MANStefs add Nl IEastd oeE  water
granul ar material denser than water, such as sand, are

prroEedaeto Fald dsmashaprdiiealicds dad RAE B 3 ot idrin

andacceleraie hhe 15 sedigpolation thersdiend derddoas,

such as I'S 1S described rn particular 1n the

puhlrtiked shlgnch pehest docunmpiemendéngt he nilrdrsrulR on-

627 704. , The ballast, usually fine sand with a

: e -anges from 60 to 300 micronetres, is 20

i ntrodagedd Nt g aleinNeing it ealRd dgpstdRamdF Oore

or during the flocculation step with a floccul ation

r egg@Emtssotas tbef owashewstey. f | vektapablie agfossible to

settling faster, . with "m.ryror" speeds which,can ed
FLATE St PREC e 0 HTLL J5h by The. Polittants

sedidgmmtati Wnché h@aball, asind sirsepiaeat sdpbir-agihbe dhd kfloc

of the sludge form ng the remai nder of the floc, which

| $have darmed firem (e Ytidmeduatéthe ballast is
recycl%@ds%d%%% Q§9'8Hén%y%% Qﬂ? ﬁ¥§f§g¥ed system, means

of adding at least one granular material denser than

water, such as sand, are provided to ballast the said
flocs and thereby  promote and accelerate the
sedimentation thereof. A device such as this 1is
described in particular in the published French patent
document under the number FR 2 627 704.

The ballast, wusually fine sand with a mean
diameter ranges from 60 to 300 micrometres, is
introduced into the water being treated upstream from
or during the flocculation step with a flocculation
reagent, so as to form a heavy floc capable of settling
faster, with “mirror” speeds which can exceed 15 m/h,
and sometime even 100 m/h.

After sedimentation, the ballast is separated from
the bulk of the sludge forming the remainder of the
floc, which is extracted from the system, while the

ballast is recycled to the beginning of the system.
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2 The terns "bal |l ast ed

fl occul ati on-sedi nentation”, "ballasted fl occul ati on"
or "ballasted sedinentation,” will hereinafter refer
to the techniques for ball ast%ed

floccul ati on-sedi nentation with a fine particulate 5

bal | astTr@ensermg habawakert edndf Ved @rkd tisol e E méteation” ,
termsand will also refer to the ball ast, V\,h(f_ther it

i $'seidGrechnbt PRFUBRE KOBT afilil aPatePatcs)  Sedimentgyion, ”
Vafiar havl g, g vep f@?é?CESrhﬁk'%%c@Eﬁ@%ég MM Ballasted

concentration in suspended solids SS and in 10 various
pdlagcanitag)iorf-cred mpnvest torpe withhal hastfifs zeparticulate

densi.t c ositi.on), and for.a given. fl | atign

rgj st bcgqr?saesri '3 ST ar T Eh-% aeirrr'elnr%sa?ofi:%b;iev\ior g term
Ofarmalv i1 Whernsd hes fan ¢ alke GICEEY Atwitdthd the is sand
floccul ati on zone, which can be represented by the

samd aBthae Qudd aframsea et in the floccul ation

fime pervoayted iRl MREUnl ARG 10T R of
Conaett I aldotirehange.ioror canmousyehdedt edblids SS and in

wat er, t heoptjnal 20 concentratjon ranges fro to 20.
L AL AT oo Lo BTy P ab ol B0 Fpize.
kK Bsity, com%é%%%ﬁ%ﬁﬂﬁ ofnlihess- Mat hgdgeshopbodd@tation

the sand concentration in the floccul ation zone tends
t rasgsnoverbalhestedr tHedolagiiong segddgsmd-gbion  works

articular: 25 - a . portion_of the ball i at i
\?\Hﬁﬁﬂ“ﬁﬁé’ s;y'gleéfn AT e8EAPe \ﬁ/lapﬁ tﬁ%n?‘%};elg %gg\%}&t e!rd,%g the
ei fhsdcdue: 1h taend ackhidatcdhilse badpBssetoansi sy stioé @and

very fine sand particle attached to a very light floc
haatRy &9 epliehegyeded] §and dn dhe tfdaqri¥afcton nzene per
t bal| i.cl .not _inte d mnto | oc:
i Bt Rt p e Rty TRRIO! 20l ML Qi DB OFime
satdtiodless iqui nkliptahaadt heitialh ast edifeocsconrert sgtion
due to the fact that certain ballasted flocs do not
haV&'9%me to 3 settle in the sedi mentation zone due

to |ocﬁhnhydr@@$%8n§90rttQEéEHHtS;water, the optimal
concentration ranges from 1 to 20 kg of gsand/m®, and
most frequently from about 3 to 10 kg/m.

Experiment of these methods shows that the sand
concentration in the flocculation =zone tends to wvary
over time, for the following reasons in particular:

- a portion of the ballast circulating within the
system can escape with the treated water, either due to
the fact that this ballast consists of a very fine sand
particle attached to a very light floc having a
tendency to float, or due to the fact that the ballast
particle was not integrated into a floc during the
flocculation phase, and has a tendency to settle less
quickly than the ballasted flocs, or else due to the

fact that certain ballasted flocs do not have time to
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- another portion of the ballast circulating within

the system can al so escape with the sludge 5 extracted
fromthe system As a matter of fact, a certain
proportion of sand, based on3he size of the particles
and on the rating of the hydrocycl ones comonly used

f GetsapRanal ivhe thelisant fdion thmeexnes s lludgd pridraulic
to recycling the sand, can escape as 10 overflow from

t WhonEdicd@gelidises. Acci dental cl oggi ng of the

under f |_oy '%h%rhyq&9§¥ﬁ£9naofant gsobgquggky Q%%%J%éﬂﬁng

the loss 0t @ Certain quantity of sand along wth the
shwidge:n - thar i aysoami ncdrydredida c esoagiet | whsh etlge, smlhudge
15 increase in the flow rate of _water being treated
c&rtreshad i ATaMy at et iBIPhST 1 héSsahd “P&Fceg%t Pgt i gﬁan a

”&%rfdaql% BLhOP: ZOMEore hnd, @ HEEE@ABE et egize of the

particul arly when the sand is brought back to the |ow
centrtd daint aofd t v botheomHt itlee Sfdi kR ath s Q@fklones

2#@%{}0@1&3’0:\2@5& ) f%’)‘%'e%%gt%\?‘%&:lglg t Ces%éa@goﬁx.t URICxcess

e at € sedl nentati on tank.

Wdlliddee previrousby reayiDhes toipe ohrslystesn escape as
noni toring the concentration of granular material in

t IR IEHQY Heiawy tedttr 9 Uanad y A I8t Dut S 9HRg of
g%r@/ Lﬂideefélotﬁﬂfa% | NG, fdm e dd acgul atdonyzone,y laﬂgsult

y measuring the concentration of granular material,
orirbytladk viidesg dfhea f baxtefinr empaltdd yyrahubandmatlerical with
(%gg%g/h in order to ballast the floc by the
di Y%te of treated water (in nB/h). The flow of

granul ar <30 inatieyd alid s ypasined | edd@idinsies f | ow 9f,  an
the recycling hydrocycl one. However, this

neimmreasfe oper bbend lpwesates @krvarardbsidgartizgpdsd, can

and i articular: .4 . t of . S
ot o o BoE bk nd™ by FRa e B ene
hyfdraeyclanes, ar ezéhé f i cubkt gt 9 caery cldcrease thereof,
(hydrocycl oni ng underf |ows consisting of mxed jets
ofpaﬁtl}d‘gbl,a%]dﬁdﬂ%% RB?elsa@dcalp%kaﬁo‘b(%‘%sgaﬁﬁnejé the low
di fdarent, cqrd-d4 ke, O, ar g Tkt e-hd keed Bhesh@PESH bBSER by
on |nsta§%aneous flow rates) and can yield results

whi et hodniper atdre fntonednee opesandrstoragot fbfect at
ult to use; 1QQ t he

o LN L0 o LAEHL 8 501 S

With the previously mentioned type of system,
monitoring the concentration of granular material in
the fluid being treated is usually carried out either
by direct sampling from the flocculation zone, and by
measuring the concentration of granular material, or by
dividing the flux of recycled granular material (in
kg/h) in order to ballast the floc by the discharge
rate of treated water (in m’/h). The flow of granular
material is measured in the underflow of the recycling
hydrocyclone.

However, this manner of operating presents certain

disadvantages, and in particular:
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measur enent s, andcannot r eact t ooperati ng mal functi ons
(e.g., clogging of a hydrocycl one) occurring between
two neasurenents: the systemcan |ose a significant
portion of its sand before tHe operator 15 has had the
opportunity to react; - this type of manual

Measuri_NgpeS URPLSISSEntS CaEry suia ! bBBcenBsHAiRY, by
and therefore costly for a |limted degree of

effaingildmey. the ordederblavai npSe the rigKrecyIcdsngg are
sa 0. hetween t as me ti

¢ e T S o TR T B LT PSS A e ot o
unders itstd munbér rhked 8= t&Eldopr oplosdse £ 0 siamst abhd water

sedi nentati on devices on all or a portion of the
S IGRRE 161 B PEGUTT O (He TGFAcyEPOMEbE A &7h i GFRTB e
t rl%.k%etj{séte_dsﬁ%@s 2Bak8d MBAsSYLed apeahadiuealdlbw &dtes) and
every I5 mnutes, as is the settled sand di schar

ed
t reougly iz lidankcebutltem wakieb opeai njncafparaphe grom one
nmeasur enent. \Wen_an abnor,rmal .hei ght qf IS 1:egs
dé’tpeec‘ﬁ%d)rduﬁ’? n@n?iﬁ@eﬁeagﬁge hﬁf: %p%ﬁeog:b(elsr% ]%es Gitftoult
15 gniyndes), an alarminfornms the operator 30 of an
abnormal | oss of sand and allows themto intervene

faster.” the |GREAHOT t hi"oHpe Gt id¥tixe rREtIFRE  two
Vald s disadvant ages:  addotOperatgseonl o Gperating

sem -continuously (Wth a 15- mnute period in t
exaipfhunadeisars bedeabove) , choggihegr efadr e doeshydtocyclone)
enabl e an imedi ate reacti on, which car result in
SRR RURERN Jr P S IF TR R I S SRk peed choe
cloogingi picihe prdenbnl ¥ ofcf ByHaOBRELRRE tHOMoperator
exanple; it detects significant and abnormal | osses

ofhasmrthd bihe dumsoriomitgkecd tresesi bl e to conti nuously

neasurqp%ﬁfgC%&gée%%eﬁgﬁdéfié@%é@?ﬁﬁg is unpleasant to
carry out, time-consuming, and therefore costly for a
limited degree of efficiency.

In order to minimise the risk of losing sand
between two measurements of concentration, a technique
disclosed in the published patent document under the
number FR 2 815 714 proposes to install sedimentation
devices on all or a portion of the sludge extracted
from the hydrocyclones. The height of the settled sand
is measured periodically, e.g., every 15 minutes, as is
the settled sand discharged through a tank bottom valve
opening, after the measurement. When an abnormal height
of sand is detected during the measurement period (in
this case, 15 minutes), an alarm informs the operator
of an abnormal loss of sand and allows them to
intervene faster.

However, this type of device retains various

disadvantages:
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10 concentration in the floccul ati on zone, or to
automatically react to these variations in order to
conpensate for them thus, this technique
substantially ains at detectisng abnormal operation,
but does not make it possible to correct slight

variationg fQfetdteed SoRtyPRemiokoRRlinticsisNy Opeldt i an;1s-
it is made of fine sheet” nmetal, and is therefore
r eliatitee| peestpénsive.the exarTpdse desadihpdagdeovgler and

due, i artjcular, to the fact. . I nt . .

" EheR BT S heS B rert| ANTERIPRS RdrodoaondieR
ardd hieswaverifd eWgeaTtiaians Qalgsetef sarghtiramuntcasfe of
t he bal |l ast. ~Furthernore, it is naoted that this

t SEIPARREE edo &4 agstinga Ay thet WHeTRQIUE Gn g ocyclone,

b?cjra Le-giiang the recircul ation thereof.

251 ot her wor ds, t hi st echni quei nvol ves i npl enenting a

di ver si-or tof déhecbal lsdsmnirfdciamtul and ombmesxmsl t hesses of
measuy enent being carried out_on the q{ve ted q%¥last

i Fa0gal PRF W8T t HR® r S8 ut it P P the S Bul ST T ha S 1Y

baldastre 30Basi desaibhgldow respensi vapeasioh t hiin sand
technique, it thus involves the inplenentation of a

nEREeRtaRt i9ub- s§st enyhent fldasylsitge i cgrRpe,  or  to

i nstal | at.i on .cost 6 ' -he

LR L 5b Sk Bacen s ebh WA dRy P orcer o

diceagheanisages af dien;prdtars artthis techrivne prusitseiyjally

the objectjve of the invention is to prqpagse. a netqu
43§F:does not make

f Grimsorit MFSRS B FEMHG D
FRICCHAAD L4 Te ikl s sonistann | ssbed
purpose of optimising operation;

- it is made of fine sheet metal, and is therefore
relatively expensive.

These disadvantages are due, in particular, to the
fact that the measurement 1is carried out on the
overflow of the hydrocyclone, and this overflow
contains only very slight amount of the ballast.

Furthermore, it is noted that this technique does
not carry out the measure on the ballast during the
recirculation thereof.

In other words, this technique involves
implementing a diversion of the ballast recirculation
means, the measurement being carried out on the
diverted ballast, in parallel with the recirculation of
the bulk of the ballast.

Besides the low responsiveness of this technique,
it thus involves the implementation of a measurement

sub-system, entailing significant installation costs.



10

15

20

25

30

The invention al so has the objective of providing such
a net hod, which enables rapid detection of the
variations in ballast, for the purposes of
conpensating 10 for them and é&f optimsing the yield
of the water treatnent system The invention

al so hags, the,-pbieghiverat Qﬂﬂ%k@h&@ tehtBeMbRReétion is
whi ch is inexpensive to inplénment, in particular in

that it yatiels e alimaiifadtages afd e ol Eretat i on

of specific heav) ui pnent uch sett | ing

'n ahi IPEh S Rer Ut bt TR BRI TRSETP < tedti davetion is
acedr girbfoke fahemélﬁﬁcﬁkﬂ)dfdQSQ:rdrit&dnwdsh nehttentegt ®of the

th rior art. Anot her obkectlve of the
agh FONEENSFavias 2N stER a h%?%aatmlcr?qrge of a

S'gg&f5%65&k¥ﬁéHE&WH£f%ﬁa%ééﬁ1éH%é%Egﬁ sydtfarticul ar

on €exi sting systemns ese objecti'ves, as well
as ot hethevhi et 1dn bebeuehappahenbld]@roallw@elccﬁm prpeiding

okt By LS oL B o
fl#&%&ﬁéﬁdﬂg‘fﬁxgéﬁﬂgéﬂl(¥br|ﬂﬁéLﬁﬁﬁﬁbé&éﬂ&fféwmpensating
injecting and re-circulating a ballast, characterized

i anJhatthlelm i anfludel @psteysieg cbhei nioeid y Ofeabhei ivpter

t nceq}rat|on of said ballast and a step for
merl %S
co arlng sdi‘d measurenment with 30 reference val ues.

Thus, umMd kintenthen paies has, thentobnjwats veeasirsnent ding
enables rapi d conpensation for the detected variations |,
mﬁP%ﬁsﬁré@ﬁﬁﬂﬁwﬁWhy¢%l&SOPQQﬁPﬁqﬁ%ﬁ%mﬁ? IPpdelegh,  in

élDV@_L’HI qhds not liigd tondetgeth PcOfire and

norna peration, as is the case with the prior art.
Annmﬁbmnaﬂq&niomﬁ dﬂuasp&maﬁnmonhegva wateipBenteasweht as

system f or Immmin th evi d b
EAERL ASRLETEN LG Ig RESLAUBY HE SR st s

Drrﬁé/aaﬁ%d\n t Bc8B288n8gf |t|a>t r oglug n@eahbal | asdsanibed with
agi tati ng neans; at | east one sedinentation

z orrL grasvl e Vil REH@E e for recover | ng a mxture
of SluQQ?t: qragﬁﬂgééivgnngQQﬂ§ IH&th%gﬁaﬁg'qgn provide

clarified
such a nethod which is simple in design and easy to

implement, in particular on existing systems.

These objectives, as well as other which will
become apparent hereinbelow, are achieved by the
invention, the object of which is a method for treating
water by flocculation-sedimentation, including steps
for injecting and re-circulating a ballast,
characterized in that it includes a step for
continuously measuring the concentration of said
ballast and a step for comparing said measurement with
reference values.

Thus, unlike to the prior art, continuous
measurement enables rapid compensation for the detected

variations and ensures optimal yield of the treatment
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means for re-circulating said ballast, in a mxture

Wi th said sludge and/ or separated from said sl udge,
towards neans for re-injecting the bulk of said 15
re-circul ated ballast into and/or upstream from said
floccul ati on zone, characterized in that it

I ngfardas. athleasthoOnghwr@aasisn Ng SeNSAidided RAIGMERI@ ion
correlated to the concentration of said ballast said
€5 oRDBPTER RS OPSTAG 168 nF i +Bates iGR9E ZBheh ot heajrrior
systemin which said ballast is circulating

conti nuously. According to a first enbodi nent, said
sensorAnoﬁhanxnabj&&tsi¢ﬂateueoniaabdtiencinsulatimmter

nmeans. According to a second e od t d
or’?%”%@ﬁgbrsgggeegubﬁé?bedlm% %%ﬁ%g$$%cc§$%t|§$2§ rusly

angl i Aled heetatdd etiddieieady Thus, the
i nventi on proposes to carry out a neasurenent either

on t he nedns 1Eastr ecRer cﬁﬂi%qqﬂgﬁtﬂ@ b&Pngst previededj vith
arPQ%& cgk nééga&%& ﬁfQ%W&§¥f%§éq ééﬁ%ﬂ#ﬁ?eans;

presen ar e ies rec y in
roch4ﬂauHudam£ omeesedﬂmehh&thOﬁatbﬂB whewd delde with a

bal | ast concentration directly affects_the qualibéaof
th?é>rf€r oSTf Giereyerigy a mixhigeedy| BLUCHHL i llast

BN Qfr t&aﬁs&erfgaltﬂgoraaﬂ #ihey haldast

concentratlon Wi t as result, a high degree of

responsi versess. fCant rergitrouilhé ipoi osaadt Ueébasbed in a
t he tent 5 ocunent 5%8 shed nder t he nu 4
g1y QF ndakth i G s i“ed® Oﬁfﬁ?ﬁ%ﬁﬁ %'anaom %sai

quiGkdge, tddwarked rhgeadwefcﬁr theri pjedtindalh@sbulk of said

re-circulation |ine or directly |n the floccul ation
zdife clirq@ilatgd hbal lapberintry BRE/PAEI IBRILTGFHe Axgm said

\Mﬁfg%gufé%Egﬂiighé%

characterized in that 1t includes at least one
measuring sensor for a parameter correlated to the
concentration of said ballast, said sensor or sensors
being situated in a zone of said system in which said
ballast is circulating continuously.

According to a first embodiment, said sensor or
sensors are situated on said re-circulation means.

According to a second embodiment, said sensor or
sensors are submerged in said flocculation zone and/or
at the outlet thereof.

Thus, the invention proposes to carry out a
measurement either on the means for re-circulating the
ballast, i.e., in a portion of the system where the
ballast is present in large gquantities, or directly in
the flocculation zone, i.e., at the location where the
ballast concentration directly affects the quality of

the flocs formed.
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10 specific sub-system (ballast settling colums).
According to a first alternative enbodi ment, said
sensor is a Coriolis effect mass fl owneter sensor.
A sensor of this type denonstrates high accuracy and
good neasurenent reliability, and results in easy 15

mai nt epance. n%ablésco%rnﬁﬁ&@ prgbeEhedmeaeontor  the
alternative enbodi nent, said sensor is an ultrasound

sensdrations irSutle $eddestdidoheentiption sddy, as result,
i nst aI | at n ?éj brati on.and naj ntenance, and has a

hiSgH-6ey FEERCPAEY Van G “§ood measur enent

re||abUdﬂEbaﬁy|tdﬁtﬁé“§r£6raaf@MdBBCﬁébed in the patent
According to a third alternative enbodi nment

s elespimers: arpld%]ok%}ﬁ@ sendef whbA n&”g@egnalF)Bsa?sdB@chél

aﬁ$%ﬁnnpf%asﬁ%qg§£91e&agupeeﬁf?b§éﬂgh§cﬁhﬁcq%ﬁc%ﬁﬂﬁCthls

heé nmeasurenent of the solid particle
Congiery r@insaraa:b:;h@ﬂairysumg Hatldl awoi see -causad i athesine or
particles strlkln whi ch t he sensor

th
ﬁbl@ﬂQ&Y in e %%EESPH?EéOPo ERE< advaﬁtagega?thOUt

g; q a%ﬂerebgglgéECLdfﬁé(NénﬁBaWSthﬁahudEequlrlng a
sI udge/ ball ast separati ng nmeans situated upstream from
saapehdﬂmmlmﬂs)rsme(balrlatﬂﬂ Fatddleng gigfumns)

sludge/bal 3§t Sségrat'nnge%ﬂ%eQEEEQQ%mé%HdHiﬂéH%E“sald

| east
sensor is a Coriolis effect mass flowmeter sensor.

A sensor of this type demonstrates high accuracy
and good measurement reliability, and results in easy
maintenance.

According to a preferred second alternative
embodiment, said sensor is an ultrasound sensor.

Such sensor differs by its easy installation,
calibration and maintenance, and has a high degree of
accuracy and good measurement reliability, all of this
at a low price.

According to a third alternative embodiment, said
sensor is an acoustic sensor with noise analysis.

Such sensor, for example, can be a piezoelectric
sensor, which allows the measurement of the solid
particle concentration by analysing the noise caused by
these particles striking the wall on which the sensor
is implanted.

According to one advantageous solution, said re-
circulation means include sludge/ballast separating
means situated upstream from said flocculation zone.

In this case, said sludge/ballast separating means

preferably include at least one hydrocyclone.
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9 According to a first alternative, said sensor
is situated on said re-circul ati on nmeans upstream from
sai d hydrocycl one. According to a second
alternative, said sensor is ¥ situated on said
re-circulation nmeans in the underflow of said

hydr ocyl@i®ing to ACEaR@ithGlweanaiines, contei vabker is
solution, said re-circulation neans are provided in
orsderuated eohr cotbé e it MO nMEARPX YR RERR  from

S§&Qﬂ§ﬁﬁ%%%ﬁX¥i%¢%ﬁhe said flocculation zone. In this
case, the's gelbal | ast separating neans operate only
peri odiresddndirey &) s€# aceondstatbedavnva, said sensor is

re-circulation |ine operati in parallel,. In th
W ARS SUhSBRir TSGRABF YL AF OB NS B Afed o HEEY T oW

floccly @t iRmLRnRe-apd/ or at the outlet thereof, the
sensor is preferably an infra-red absorption sensor.

Such séwsmrdimevi des ajpotheel icapiceivphle t felution, said

: f th d i C '
TSSOt PGsiapendd soblds foncentcakion 29 e

f locel 1aideonsZDieballast $ai th bal k@ste advaht agadusd udge,
consists in fine sand, _which nmean di aneter particles
r &yes e oprdBouf LegCkileEdRBL r 81 B0 abButthp® case, the

g%%%gg%%éﬁ?%}égirhe %%%%%%FHE@feraHEXnEnC|ugﬁérﬁ@@nSfcgnly

ata deriv om sai d sensor or sensors,
i nednicichigratdans dmwrelconare nigrssad dl ethten v tre-circulation
predeterm ned thresholds.., I.n this case, according to
s VeI CRERIEI AL PR 't ageous characteristics

taken alpnerar icAseomphBaki OBheSak8nBBaNsodf sensors are
conpari son are coupled with: 10
submerged in the flocculation zone and/or at the outlet
thereof, the sensor is preferably an infra-red
absorption sensor.

Such sensor provides good reliability in the
measurement of the suspended solids concentration
within the wusual range of concentration in the
flocculation zone.

Said ballast advantageously consists in fine sand,
which mean diameter particles ranges from about 60
micrometres to about 300 micrometres.

The system preferably includes means for
processing data derived from said sensor Or sensors,
including means for comparing said data with
predetermined thresholds.

In this case, according to several conceivable
advantageous characteristics, taken alone or in

combination, said means of comparison are coupled with:
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a notor punp unit for said recovery zone, so as to
start/stop said notor punp unit on the basis of said
conpari son of said data with said threshol ds;

an al arm capabl e of being triggered on the basis 5 of
sai d conparison of said data with said thresholds; a

means of cal cgul ating the b S n '
gi ven poitnt™3 P f?eu“gi/slfnelrﬁ ?%J)%éa?% %ﬁgg??}cﬂgggf}g&i'gﬁo s
Zone, st Htstddie i tmcdformpasyy ement orbaded bersitsheof said

correl ation established between the 10 par ter

rré:ﬁt Wh sRn tOrffe soerks G2 tan & it Sﬁ‘&lléi é’tfec‘?%‘l‘?ggﬁt;r ation

at the paint 10fRASURARERSE. HeA RPRAS Rfered & alid i
t he Ioss%l_g;1 ab%lrl ast bgggg on thél@ssl opg%%f t he curvegDaLSlS
r epff eseint i cugnpeomicent roeft iser dnidatt ar elishi eaido thineshosls ;

a nmeans of injecti bal | ast ke-up capab -
bei ng dctd \%ﬁ%m (?ég%taﬁ\?éﬁea& P the kk))aa[sillsaas%f Asogfcgéntratlon
coqpar sogipknsapdigat a iw t kisdi dsydteshol(dsg.,saiith the
flocculation zone so as to stop/authorize the
opEranduora gt e@one0AeEoradfi nfco BAGPRer O L dVEASHEIRAE)

¢ %%ﬁg erégtiEheSakgrgg&QFEéﬁce%§Egglq%ﬁ%% AR QRN etehe

Wi at | east “one means o I spl ayi ng the cal cul at ed
cancentdtadt omeafsiadd asdly f dtheat degesir ormoitte i nbahkast
system Accordi ngt oyet anot he%vanta eous .25

cHEARREET AT &ai Y RAUPr Stedd Y i ncl ude

means of caleylatingdhalassicalicsd df war Lot ieased
representing the concentration of ballast with

redrat tha teldgereof Otter chayacreprssess iagd GReMR RS on
of ,tf}(he 3Q invention will beconme nore apparent upon

r &adihg F¥GE 1T g Uescri ption of a preferred
enbodi nery @ézhbeof injecting a ballast make-up capable

of being activated/deactivated on the basis of said
comparison of said data with said thresholds.

- said flocculation zone so as to stop/authorize
the operation thereof.

According to another advantageous characteristic,
said data processing means are coupled with at least
one means of displaying the calculated concentration of
ballast for at least one point in the system.

According to yet another advantageous
characteristic, said data processing means include
means of calculating the loss of ballast from a curve
representing the concentration of ballast with relation
to time.

Other characteristics and advantages of the
invention will become more apparent upon reading the
following description of a preferred embodiment of the

invention and or of several alternatives thereof, given
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i nvention and or of several alternatives thereof,

given 11 as non-limting and illustrative exanpl es,

and fromthe appended draw ngs, in which:

figure 1 is a schematic reprgéentation of a water
treatnment systemaccording to a first enbodi nent 5 of

t hes imertingire ind i el 12 st e tSiske rddan regpr esentfatdorthe
of a water treatnent system according to a second
erARRAHSR B a"fwsifn\ﬂéht“{k&r?h ‘As i ndi cated previously,

the prln% %d% 1th§81Qa'@M@@%b%ﬁc‘SrQ§§§geHBaEmgnfa&f a

of neasuri In a systemfor treating water via
batd zest emjréeitcmmi atysresedcoendangohe a garstetambodiment
cor el.ated to t.he ballast concentration in the ball ast

i I SH 19 e, during the re-circul ation

t her eof-. fligfreysbem accor Gich@nla® ilcherepyeptheationofor a
the type including: at least one inlet 1 for water to

bevatiattema taerte #5is e FIWHAUNG ith adiaeaibrrmkakinent

aof V{cheihtaf é,%east one floccul ation reagent is
i n) ected via an 20 injection nmeans 2 and return of a

bal | astas sdcxhllaatfeidnepsandipuwilg anthaj ectinoipkansoB; the
asettllngtankS equi pped. or not Wlt sedi nent ati on

bl IAHENESN ahd PPt ed> thene %tf&r dFEERYFgiHg 1 2@
clardddpdryat eh-cfc 188 vwelﬂelasvﬁa zpne 160t 85 F1RSQUEId dihn -

51 "a m xture of sludge and ballast; a re-circulation

| iseglimentation, a parameter correlated to the ballast
concentration 1in the ballast re-circulation 1line,
during the re-circulation thereof.

A system according to the invention is of the type
including:

- at least one inlet 1 for water to be treated, at
least one flocculation agitation tank 4, into which at
least one flocculation reagent 1is 1injected wvia an
injection means 2 and return of a ballast, such as fine
sand, via an injection means 3;

- a settling tank 5, equipped or not with
sedimentation blades 15, and provided with means for
discharging clarified water 6, as well as a zone for
recovering 51 a mixture of sludge and ballast;

- a re-circulation line 7;

- a settled mixture of sand and sludge, using an
extraction pump 10;

- at least one hydrocyclone enabling the
geparation and recycling of sand prior to sending the
excess sludge to the subsequent storage and treatment

means via said means.
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a settled mxture of sand and sl udge, using an
extraction punp 10; at |east one hydrocycl one
enabling the 30 separation and recycling of sand prior
to sending the excess sludgelzo the subsequent storage
and treatnent nmeans via said neans. 12 As

shown, Lhe & JrEHéaEEQ@iEEGQaZiBEOMHQﬁ§ 7 oprbli€des for
re-injection of' the bulk of the re-circulated ball ast
vithet heeundgefttion 306f the hydblocyef ordie Adsorcditsglias-ed

one _alternative, the e [ 5 /sl ud
st & e e O T 2ot ooy ey AT b

pVOVid@@cﬁ@ﬁih@'iﬂbeQﬁkﬁgalb@rﬂéﬁiwéﬁ dineectkyraatdon of
the flocculation tank 4, w thout passin hrough the .
hyrdreo @pidife Wlge mixtureckdr grhEl o PH% EiVi Rc P goPis

t he j nventjon 1 - ' epsot .k a tyer
b 107 s BB e POt B et
Talide sy arsensoie 1f1bscplavidedtenkt ke mEdihct @dsing

l'ine, upstream fyromthe hydrocycl one, the sand thus
b&iHPUAK &dis SHEIRGY 'Orr}?ytehe sl udge. 15 According to

one congceimahlgy akberfid i yeinthgisenser die piavededoan a
the sand re-injection line, in the underf |ow 3 of the
h%rmbracmymlr@es@lsoﬂcccﬁmdim@%@%e%rﬂﬁwl%“cﬁ‘%é?%éﬂ?% sand
alternative,. a sensor_llbis,is nounted on the

r éloﬂci’eﬁmra‘%lo% e Y e - upstream fromthe point

for re-id)j @etidw, t ke sendébsl udgeiwi xpooeidedi mjrectheag re-
point into the tank 4. The sensor (or s%nsors&) Jll,
||qﬁgpqﬁq;¥mbfé;agpyupstream from the hydrocyclone, the

sand thus being mixed together with the sludge.

According to one conceivable alternative, the
sensor is provided on the sand re-injection line, in
the underflow 3 of the hydrocyclone 8.

According to yet another conceivable alternative,
a sensor 1llbis is mounted on the re-circulation line
7bis, upstream from the point for re-injecting the
sand/sludge mixture re-injecting point into the tank 4.

The sensor (or sensors) 11, 1llbis are preferably
of the type belonging to the following group:

- a Coriolis effect mass flowmeter, such as those
marketed by the Krohne  Company (Optimass 7100
(registered trademarks), or by the Endress Hauser
Company (Promass 83F (registered trademarks) ;

- an ultrasound flowmeter, measuring the
attenuation of an ultrasound signal transmission, such
as those marketed by the Solarton Mobrey Company (MSM
400, registered trademarks);

- acoustic sensor with analysis of the noise

produced by the solid particles striking the wall of
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of the type belonging to the follow ng group:

a Coriolis effect mass fl owneter, such as those 25
mar ket ed by the Krohne Conpany (Optimass 7100
(registered trademarks), or by the Endress Hauser
Conmpany (Promass 83F (registered trademarks);

anyld 1 If | QUIE RS HTRASU HiaRYhe calertat Rokael o
ult raspca)i?r%g{égi gnal tar ansm ssi on, suchugg as those Py

mpkve:m -(tji‘)ﬂ,t iraegScﬂt?me@n tvsidlemz r&snpany ( MSM 400,

regi stered .t radenma X - acoustic . W

anal ysi ofi§ h%vﬁ%{sg}%ir:oﬁucfeloo‘%@eatt% é%l Fgg{&%%icclstgglsor
stird kided | het wak| nefedl3Hate i sgstsuchlas thopeises a
mar ket ed by the Roxar Conpany SAM 400-TC, regi st %red

t meEsaar KRE Shown im tRe &YE@HFSt haPTa FREWRerSr Elow

a ti i i i d '
al%ga;tsec'o%%g%gg a' @“ﬁ%ﬁ%& ,'Ehés nohed Ehatpbbe SyStem the

( not shown inthe figure, for
neﬂsuﬂasggmd]ﬁflfdmtreai.e passi ng through the line
equi pped with the ultrasound flowreter... sQ
of the S&I‘e?ﬂrcﬁjng rﬁg}ﬁ i BEgﬁl?Vﬁgyer?lﬁitéoglftq ngggor{/ﬁable
resyl s da b8, ghiained.c Ak Wi istliectadl wdrd rselected,
particular wi'th regard to the nature of the m xture of
sliudgea s wkand, Wil htegarat Fenshennpkers gdgdhe mixture

SO AT AP e, S et tcoe

t esdricdiavi g dreefreanducice ®yAlar i aud vppéstébns in the

Siﬁﬁg{ikmwentration from 0 to 600 g/l, a series of tests
having been conducted on various types of sensors.

The tests conducted on various sensors
demonstrated, in particular, that the infra-red
absorption-based sensors function but do not prove to
be sufficiently reliable, particularly at high
concentrations of sand (concentrations higher than
150 g/1 for certain IR sensors, gJreater than 400 g/1
for others), as well as microwave absorption-based
sensors, which also function but which are expensive,
poorly suited to large diameters and low temperatures,
as well as to high microsand concentrations.

Tests conducted for sand concentration ranges
(effective diameter of 85 micrometres, and more
generally speaking a mean diameter of between 60
micrometres and 300 micrometres), consistent with the
usual concentrations in this type of structure, and
between 0.001 and 600 grams per litre, and for

temperatures between 0 and 80°C, demonstrated the

following performances:
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15Thet est sconduct edonvari oussensors denonstrated, in
particular, that the infra-red absorption-based

sensors function but do not prove to be sufficiently
reliable, particularly at hi gl concentrations of sand
(concentrations higher than 20 150 g/1 for certain IR
sensor s, wigatefoddwdit Abh s faid aidiedes )andlsysed | @Bmple
m crowave absorption-based sensors, which al so

f ARG | S Pt SHRTER AFBSExHEABI Ve, THEOHEF s Fitedd ¢y Large-

' %%&M%ﬁa@n,d 4.y tGMmerald S%e 4% Wdnds; 1O

hi gh m crosa concentrations. 25Tests conducted for

sand concerttlr atibrrasoged $enfecsi veadi goeder dsfgi8%  of
mcronetres, a nor e, gener al | y. speaki a_mean
IR 51 DT EY i ARHTT B BT Measurements
M crPNet r eSdoe 10 St @Rl 1WiHtih ithe uswak copseshtdhionsfor
inthis type of structure, and 30 between 0.001 and
6001l hiean |91 rleargemd Fagve tefeking e63 Peteaand more) ,

and. 80C t he_f ol ow rqgngES' 14
wﬁ%ﬁﬁgcgﬁgggggéééggﬁgyénda%ofge¥%%g §§%2? sl np eagﬁd with
gunicki ns€t -hged | lesss £ han 15 mi nutes, even on

| ar ge- di anet er piping),, .and rapid response to events;
Wit h urtﬁﬁgﬁhn6ﬁ§eﬁ§%&§;1§ HegFEBSBFSs &Akuracyllient

I s Rptal ng¢. compared wid hogi b eaba MR BERNt §itdN direct
excéellent reliability, the potential for installation
omdaggeentirdet ef0 pl prhg (800 nAnangxesrldenthi glegree  of

LTIOCTIENG § S LR AR A T

excaid ent idegeea ®fy antlr BLyitsd optpingd sqerpar egemhifing
direct nmeasurenments (0.15%, and an excellent degree
ofaGaantah i ¢ yThis diynmi ok a39REPT i Yyl Begi yh! pripe eothers,
head 055 @ﬂ“%&ﬁ&}’ %néé%%éﬂér?%@'rﬂé‘ﬂoéé&& (bajlast),
remal ni ng accept abl e. is type of sensor, unlike
aldutt helsbhehs (eass) esloat Wdneabnc®hisatimragfuces an
m crosand (ballast), but also the (mass) flux thereof.

THRCTMYSD d GEYETER %N o PHBls Bab atEle ov¥PSthe bt hansors

tyRes s SBNSOr scdikt {@sodpd, ) acgdshige eterk RECAISBeed
thereis no need 20 to add a flow neasurenent onto the

r &-ciadllatfilow [oopsunement evelre emerre pfbgrahaeioa loop,

flogwvalue (design) L0to the. aut oppL ¢, o0l Phe SYSEP M neo
the automatic control system in order to obtain the
mass flux.

In one preferred alternative, the measurement of a
parameter correlated to the ballast concentration is
carried out via ultrasound absorption. This measurement
is calibrated via sampling, in order to be correlated
with the concentration of ballast flowing through the
piping. Threshold concentration values are defined by
the users. The sensor 11, 1llbis data are transferred to
processing means 100 for the purpose of displaying the

calculated ballast concentration and of comparing the

sensor data with the threshold wvalues, with the result
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In one preferred alternative, the nmeasurenent of a 25
paraneter correlated to the ballast concentration is
carried out via ultrasound absorption. This
measurenent is calibrated viassanpling, in order to be
correlated with the concentration of ballast flow ng

gg%ﬁ%gﬂ B?ﬁ%?”ﬂé&keg@fﬁfhotﬁe§9nc@HEE@EBQBSVaﬁﬁeSéﬂﬂher

O the users.” The sensor 11, |l bis data are
t rdansfarirced tresplacessnngcimeampel@d ifcsy  Olie POY poser ofanly

di spl.ayi ng the cal cul ated hal |l ast .concentration and of
c&f?ﬁ‘ﬁ’ﬁrﬁd%t% Oér@(ﬁ %&ﬁf%nt% 39 Mhi'eshol d val ues,
Wi th the hasydrinkp beirng hhathigkceeding tdiese low-level

thresholds in either direction results in the
oF@mratarIradfiahyglagimiany conbi nation of the foll owi ng

?Ction%:sgggPi%? oﬁr!éﬁg”iﬂghfgsﬁééuﬁﬂbéEﬂ@ﬂoé&ulation—
ow- | evel oncentration alarm stopping of the
baldaisteettdd iam flroiacul ati on- sedi nentati on unit;

- start-up/stopping, or change in the rotational
speed of the pressure pump 10, 10bis;

- increase/decrease in the rotational speed of the
scraper 12 possibly present at the bottom of the
settling tank 5;

- evaluation of the instantaneous loss of ballast
from the value of the slope of the Dballast
concentration curve with relation to time;

- injection 14 from storage 13 of a given quantity
of ballast, intended to compensate for the losses of
ballast detected by measuring.

Figure 2 corresponds to the second embodiment,
with a sensor 11 submerged directly into or at the
outlet of the flocculation zone, upstream from the
sedimentation zone.

When carrying out experimental testing, the probe
used was a infra-red Solitax sc TS-line probe
(registered trademark), marketed by the Hach Company,
and enabling measurement of the concentration of
suspended solids within the concentration range of
0.001 to 50 g/l, 4i.e., well-suited to the usual
concentrations in the flocculation zone (0.5 to 15 g/l
of sand), and lower than in the ballast re-circulation
line.

The probe was installed immediately after the weir

wall at the outlet of the flocculation tank, 40 cm deep,



start-up/stopping, or change in the rotational speed

of the pressure punp 10, 10bis; 10- increase/decrease

in the rotational speed of the scraper 12 possibly

present at the bottom of theisettling tank 5;

evaluation of the i nst ant aneous | oss of ballast from
So f Il gast co ratjy o

o Rr Tt 5 Tl bt EaPg] 2R o e Pram | ol Ofthe
sﬂfﬁnﬁyﬁdﬁhhﬂaﬂrqybmmm.quant|ty of ballast, intended to

conpensate for the | osses of ast detected b
neggurﬂ?kf 108 guré%f corFﬁQﬁBﬁﬂgnkgithe Seeohd d

enedidRMHoe 20i Wi I 2 seneel e skbarr ged dbresd | ¥nd the

into or at the outlet of the floccul ati on zone,
upstedmreesmning seinmhegtash Wi between Viheh and 5.8%.
carrying out experinental testing, the probe used was
ainfra-red Solitax sc TS-1ine probe 25 (registered
trademark), marketed by the Hach Conpany, and enabling
nmeasur enent of the concentration of suspended solids
within the concentration range of 0.001 to 50 g/l,
i.e., well-suited to the usual concentrations in the
floccul ation zone (0.5 to 15 g/1 30 of sand), and

| ower than in the ballast re-circulation |line.

The probe was installed imedi ately after the weir

wal | at the outlet of the flocculation tank, 40 cm
deep, 16 approximately at the mddle of the weir in
the horizontal direction.

Duri ngt heexperi nent al t esti ngperi od,

period,
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di fferences in nmeasurenent between the probe and the 5
manual neasuring neans tested were between 0.4 and
5.8% 17 CLAIMS 1.

Wat er t r eat nent met hodbymeansof floccul ation/settling
conprising ballast injection and recirculation steps,

a conti nuous neasurenent step of the concentration of
said ballast and a conpari SoAIBSep 5 of said
measurenent with reference val ues, characteri sed
in that it conprises a ballast top-up step liable to

be actiyatpgdeact invabedeaeCor dhdehd@ Sail, conpakhson of
of said data with said thresholds, said ballast top-up

st époc@mbatsmmgsemtln]l@ct:m@rbawasbaitéafsrto Wiy ection and
stora tert t
irﬁﬁ%ﬁ%ﬁ?a??%%no%tgﬁg e %ﬁaccor %ngg%%hggg%%Ft@%ep of

Coppé i GbM@entration of s@idlBaslasneamdoacubmpannsqnnetep

(4) provided with 15 bal]l ast 3 d
(oe Prata oensurCuent GELEh cretembrde e TRt 55

provid éh%%%?%?% SLOVERY tRARE kS Hompridd® X U£1Ddst top-

sl udge an st and clarified water evacuation
neapsst;ep liaktértal bei ant keaned(Fsactvgatedf aggpyding to
a mx

seﬁ%fét%ﬂmP?5h§%%| S?%aﬁnég%gaﬁgtﬁ Qggﬁ @ﬁgégﬁold? said

O rernjection neans
t heaes8601t itdp-Pas t sQfepsatdnsﬁstiﬁgl ainEd imgjlelcasiing nballast
and/ or upstream from said floccul ati on zone (4),
from a storage.

2. Water treatment installation for the
implementation of the method according to claim 1,
comprising:

- at least one flocculation zone (4) provided with
ballast supply means (3) and stirring means;

- at least one settling zone (5) provided with a
recovery zone (51) of a mixture of sludge and ballast
and clarified water evacuation means (6);

- recirculation means (7), (7a), of said ballast
in a mixture with said sludge and/or separated from
said sludge, to reinjection means of the essential part
of said recirculated ballast in and/or upstream from
said flocculation zone (4),

characterised in that it includes at least one
measurement sensor (11) of a parameter correlated with
the concentration of said ballast, said sensor being
located in a zone of said installation wherein said
ballast is in continuous circulation, and in that it
comprises means for processing data (100) sent by said
sensor (s) (11) including means for comparing said data

with predetermined thresholds, said comparison means
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characterised in that it includes at |east one 25

nmeasur enent sensor (11) of a paraneter correlated with
the concentration of said ballast, said sensor being

| ocated in a zone of said installation wherein said
ballast is in continuous circykation, and in that it
conpri ses neans for processing data (100) sent by said
30pbsengor E€shpléd) whchudbaylastnsfiom canpatbnggsaiUOP-up

data . wth predeternined.thyeshold
ToandCHBoBGRRE B0 0bh AL hRPRSDAP| B8t SFF OFF KoB(r age+vated
togsul EphectbANcRE3asd( ddhpht-abbe b0 Bgid data with said
acti vated/ deactivated as a ?unctlon of said conparison

of tbuedhdadg.-with said thresholds. 53. Water treatmnent
| notal| a1 RCBEOPLOLRA-ho $halh 2. ORI AELELERY LB clain
I'srar on sald

that said Sensor ocate
regi r chbehicoerieads.in that saidl $¥msor{skeaispare located

|nstallat|on according to claim?2, characterised in
t QP Saitd ¥eRiBFPdRt PalPg3Pfimer sed 10 in said

floccul gatigpcaenergndhehtalinkbgiodtlish hbebedfing to claim
5. Water treatnment installation accordln? to any
d

cl ai nsharantesisefaiactbptseditnsengaerd s 1§éﬁ§§r lm\f)rsed
ISl% gg&aokh%cga g%&oﬁﬁ%én&'gﬂﬁvgkegtsﬁﬁéogutlet thereof.

5. Water treatment installation according to any
of claims 2 and 3, characterised in that said
sensor (11) is a Coriolis effect mass flow meter sensor.

6. Water treatment installation according to any
of c¢laims 2 and 3, characterised in that said
sensor (11) is an ultrasound sensor.

7. Water treatment installation according to any
of claims 2 and 3, characterised in that said
sensor (11) is an acoustic sensor with noise analysis.

8. Water treatment installation according to any
of claims 2 to 7, characterised in that said
recirculation means (7) comprise sludge/ballast
separation means (8) located upstream from said
flocculation zone (4).

9. Water treatment installation according to claim
8, characterised in that said sludge/ballast separation
means (8) comprise at least one hydrocyclone.

10. Water treatment installation according to
claim 9, characterised in that said sensor (11) 1is
located on said recirculation means (7) upstream from

saild hydrocyclone.
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6. Water treatnment installation according to any 15 of
clains 2 and 3, characterised in that said sensor (11)
is an ultrasound sensor. 7. Water treatnent
installation according to any of clainms 2 and 3,
characterised in that said semsor (11) is an acoustic
sensor with noise analysis. 20 8. Water treatnent
installation according to any of clains 2 to 7,

characterised_in that _said,recircul.ati ne .
conpr i sg{ SIS‘E%%%? bal FS??“ s Ien|c-5ar é‘tnlso%n%lra‘rgggﬁs% n( 8%?%%%%%%9 to
upstaeamifo,omcaairdctbotegbationchane $¢4)d 2shsopat@l) is
treatnent installation according to claim38

chaPgeEedi s i nSehdt AU | | BeENEepdt at ifgh the
aRetBlofoRY i 58 8hikeAShraBgchydeocycl one.

me
10. Water treatnent 1 nstaflation according to claim?9,
charact®?i skaten thettment dessed latipn f@EHdGRE et any

on said._recircul ation ans _(7) _upstream fr.om saj .
yBFocgdaigie. £ 1ot8" N TchadPEHERY LIAT WA saia
i nstakletigniesCaisimy tu)c! ard Ifroehakacter i sedikbulate

that said sensor (11) is located on said recirculation |,
ne@asd( Pallpathe ionder MiFkEWrE3) WhHED s&dd chyatBegel dire. said
51 a t (hnstallation according to any of
clg}ﬁé@éfégiéﬁ %Eﬁ?aé%gfised in that said

reci rculat i Wateeansredajeate prretadddttion eciecotdirg to

said ballast .in a mxture with said_sludge to. sa .
flsgébﬁf‘aﬁ'or?*?d?’?é:t(%l.s 13 E\B?gr SErERtTENCT Af) is an
i nshalhathoapaeeptdbngskAselkai m 4, characterised in

that said sensor (11) is an infrared absorption

sensor.1l4. Watey tygesmentedmfdillatsion |3gferding to any
?ﬁé?rgg%\gn%gﬁagés’? of 3¢l ahB.42¢k2113a GhAraEierbasd blilast
consists of fine sand wherein the particles have a mean
diameter between approximately 60 micrometres and
approximately 300 micrometres.

15. Water treatment installation according to any
of claims 2 to 14, characterised in that said
comparison means are coupled with a motor-pump (10),
(Loa) of said recovery zone (51) so as to engage/stop
said motor-pump (10), (10a) according to the result of
said comparison of said data with said thresholds.

16. Water treatment installation according to any
of claims 2 to 15, characterised in that =said
comparison means are coupled with an alarm liable to be
triggered according to said comparison of said data
with said thresholds.

17. Water treatment installation according to any

of claims 2 to 16, characterised in that said
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15 consists of fine sand wherein the particles have a
nmean di ameter between approximately 60 m cronetres and
approxi mately 300 nmicronetres. 15. Water
treatnment installation according to any of clains 2 to
14, characterised in that saigp20 conpari son neans are
coupled with a notor-punp (10), (10a) of said recovery
zone (51) so as to engage/stop said notor-punp (10),

g;g%%agfgg%ﬁin t%ﬁtgﬁgg§§%+é%gé %%hgli%ggagiéggcgﬁlation

treghaent) i pstasl ebi 9PoPLEeElbRPsé OtladyoR@sraf ich atherdof .
to 15, characterised in that said_conparison ngans are
coupl edL§i tPRter ab5pAETNPEE| énebald 2Py &EPTEE df hgdnY
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