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

| NSTALLATI ON The invention rekates to the field of
water treatnent, and finds application, in
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i n adding one or nore reagents to the wastewater,
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portion of the pollutant the water, and

in then separating the fﬁ§§qgﬁgsgﬁggﬁforned fromthe
purified water. According to one type of preferred

system neans of adding at |east one_granul ar
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publ i shed.French patent docunent under the nber
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di goBtgentapges.from 60 to 300 micronetres, is 20

i ntroduced into the water being treated upstrean1from

or durifgeshe mbbbodbatpgnsssép Wit h agldingcc @ngt | @  more
reagent forn1 eavy floc_ca abI of .
sef%??ﬁﬁtsfag?er %nt??éﬁﬁyé%%k’sﬁgﬁkég ith ggpsible to
exegedcldathat ashsonet laRgevepordlib &f 2heAfddrlutants

sedi nentation, the ballast is separated from  the bulk
of PYRESBF udde T MYREET heaPEndindeieTvf Separating the floc

thus formed from the purified water.

According to one type of preferred 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 is
described in particular in the published French patent
document under the number FR 2 627 704.

The ballast, wusually fine sand with a wmwean
diameter ranges from 60 to 300 micrometres, 1is
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 i1s 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.




floc, which is extracted fromthe system while the
ballast is recycled to the beginning of the system 2
The ternms "ballasted fl occul ati on-sedi nentation",

"bal |l asted floccul ation" or "ball asted sedi nentation,"
will hereinafter refer to the techni ques for ball asted

floccul ati on-sedi mentation t fine particul ate
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attached to a very light floc having a
m* of water entering this zone over the same time

period), is maintained within a given concentration
range.

For commonly treated water, the optimal

20 concentration ranges from 1 to 20 kg of sand/m?, and
most frequently from about 3 to 10 kg/m?.

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

25 - 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 1light flec having a
tendency to float, or due to the fact that the ballast

30 particle was not integrated into a floc during the
flocculation phase, and has a tendency to settle less
gquickly than the ballasted flocs, or else due to the

fact that certain ballasted flocs do not have time to



tendency to float, or due to the fact that the ball ast
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can escape as 10 overflow fromthe hydrocycl ones.
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increase in the flowrate of water being treated, can
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particularly when the 'sand i s brought back to the [ ow
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t anke Witkigehe previously nmentioned type of system
nonitoring the concentration of granular, nmaterial in
the flui-dVBEiRG i eatldd iy IS Ho R eittiere 2an
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yresult in a variation in the sand concentration in the
flocculation zone, e.g., a decrease therecf,
particularly when the sand is brought back to the low
centre point of the bottom of the sedimentation tank by
a scraper, which can introduce a sand storage effect at
the at the bottom of the sedimentation tank.

With the previcusly mentioned type of system,
monitoring the concentration of granular material in
the fluid being treated ig 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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measuring the concentration of granular material, or
by dividing the flux of recycled granular materi al
(in kg/h) in order to ballast the floc by the
discharge rate of treated watger (in nB/h) . The flow
of granular 30 material is neasured in the underfl ow

of the recyclin hydr ocycl one.. However, this manner b
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neagperamrenrt o aambidamnpt anéashith eper dthempfore difficult
mal f unctions (e.g., clogging of a hydrocycl one)
oc&@r MBfg between two neasurements: the system can
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- this type of manual measuring 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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devices on all or a portion of the sludge extracted
fromthe hydrocycl ones. The height of the settled sand

25 is measured periodically, e.g., every 15 m nutes,

as is the settled sand dischayged through a tank

bottom val ve opening, after the neasurenent. Wen an
abnormal height of sand.is det.ected .durin th?with a4 15-
measur efert PRSTRFST no i £5EHSEC S R es) AR

al grpuicaf opasibhe ppenator «3anmpfleandabneibel | essvef, and
sand and allows themto intervene faster. However, ‘
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purpose of optimising operation;

and

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

These disadvantages are due, in particular, tc the
fact that the measurement is 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.
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of GURAGRANEr SXF&@ @ nent system The invention al so has

the obj agld v, émP;F&Y'QiQQ nAUCRR B0 W 6B pPoviding
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speci fic heavy eqU| nment such as, _settling co
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settling columns in which the height of the ballast is
measured according to the method described with
reference to the prior art.

Another objective of the invention is to provide
such a method, which 1is siﬁple in design and easy to
implement, in particular on existing systems.

Thege objectiveg, 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 1includes 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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reference to the prior art. Another objective of the
invention is to provide 20 such a nethod, which is
sinple in design and easy to inplenment, in particular
on existing systenms. These objgctives, as well as

ot her which wll becone apparent hereinbelow, are
achi eved by the invention,,the.oﬁ%ect of . whic
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sl udge, and/ or separated from said , sl udge, tomgrgs .
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re-circulated ballast into and/or upstream from said
flocculation zone,

characterized in that i1t includes at least cone
meaguring sengor for a parameter correlated to the
concentration of said ballast, said sensor or sgensors
being situated in a zone of said system in which said
ballast is circulating continuously.

According to a first embodiment, said senscr 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 quantities, or directly in
the flocculation zone, i.e., at the location where the

ballast concentration directly affects the gquality of

the flocs formed.
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the patent 5 document published under the nunber FR 2
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According to a preferred second alternative
embodiment, said sensor is an ultrasound sensgor.
Such sensor differs by 1its easy installation,
calibration and maintenance, and has a high degree of
20 accuracy and good measurement reliability, all of this
at a low price.
According to a third alternative embodiment, said
sensor 1s an acoustic sensor with noise analysis.
Such sensor, for example, can be a piezoelectric
25 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-
30 «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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sensor of this type denonstrates high accuracy and
good neasurenent reliability, and results in easy 15
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re-circul ati on neans upstreamfrom said hydrocycl one.

Ac G3iudiasy had I sfecondsilaratiad ve, "eang sensBpTpée 5 only

S| 5%@13;%1%}1% }d ge-gideul Al | QN PaNs, tﬁeré'ﬂéﬁfz{é?%ion
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order tq re-

In the case where the sgensor or sensors are

15 submerged in the flocculation zone and/or at the outlet
therectf, the sensor 1is preferably an infra-red
absorption sensor.

Such sensor provides good reliability in the
measurement of the suspended solids concentration

20 within the usual 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.

25 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

30 advantageous characteristics, taken alone or in

combination, said means of comparison are coupled with:
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sensors, including nmeans for conparing said data with

pr efled@rud atetbon hrzsgitol dOT | Att Hike c asdntac O§r dMEgSHEement)

several . concei yabl e 30 age eristi

SRS ontor (TR - SOMIRG oh G SLae T bStLESn  the
10CONRBFABOre Al enéfsipted Wby h: tA® seasapt oangunpheni ballast

for said recovery zone, so,as to start/stog sai d not or

PUNPPRERRL BRC 192 Past e dPOERF O BFPEFFEBR"bf sai d

data with sajd threshol fs,1ap; aharmecapabl efobaheknd based

triggered on the basis 5 of said conparison of said _

dat@n wichle ssiicbé hodshthelscurve nesgresfntcHlG ucancggtration

t he ballas%aconcentration at a given point in the

systEm? (SR E1PR tRet1Me-

15 - a means of 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 tc stop/authorize
the operation thereof.

20 According to another advantageous characteristic,
gaid 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

25 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

30 invention will become more apparent upon reading the

following description of a preferred embodiment of the

invention and or of several alternatives thereof, given




floccul ation zone, or at the point of measurenent)
based on the correl ation established between the 10
par anet er nmeasured by the sensor and the ball ast
concentration at the point ofipeasurenent. - a neans
of calculating the |oss of ballast based on the slope

{031 PP 16 T S LA BT T VATRERL. BB GO he

capR-ededf RNGAC iMptad/deactivated on the basis
of Said conparison of said data with said thresholds.
- sai d fl éouiret i on kBnex sEchemAd ist opLRYERSNtAS iopheof &

operation thereof. 20 Accordi anaqt her.. :
ad\ygﬁtegggoruesaecc St act Srtf“% i%gagggi&ggdg?’ a%prfolcrésstsi%[abomment

5 Meaifs tauee ieAupledyi th at | east one neans of
di spl ayi ng the cal cul ated concentrati on of ball ast

for at edd@Usife Poibf ih HETPdiem TREESFE NG 6y ePT @
anQLiiel: AdvANLRAGROUS, stk CRAUAS]Y Hd G S@dchdalfoodiment

processi ng neans I nc¢lude nmeans of” cal culating the
| oo dfhebdlvasttifarom a curve representing the

trati f |l ast wi.th | at to.ti O h
char act 851 stPCL ARG TadvARTAGHE Sr t haS I8 FRGeRIPorcT  the

10 W lihvRecame MEe BhHPad etin URAR I £38t Nt NeeafRldioy Ngin a
description of a preferred enbodi nent of the
i neRtieon &erl brest iseveradienl Yér nkeildesteerbbpcculation-
0 YER B AL AT | LUt BN SSSTReg1 ot
| s coneehenaition epiresethat | baldhsa wat-eridadament line,
system aceording o & first, Qodigent 5 of the

15 A system according to the invention is of the type

including:

- at least cne inlet 1 for water to be treated, at
least one flocculation agitation tank 4, into which at
least one flocculation reagent 1is injected via an

20 injection meansg 2 and return of a ballast, such as fine
sand, via an injection means 3;

- a gettling tank 5, -equipped or not with
sedimentation blades 15, and provided with means for
discharging clarified water 6, as well as a zone for

25 recovering 51 a mixture of sludge and ballast;

- a re-circulaticon line 7;

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

- at least one hydrocyclone enabling the

30 separation and recycling of sand prior to sending the

excess sludge to the subsequent storage and treatment

means via salid means.
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- figure 2 is a schematic representation of a water
treatnment system according to a second enbodi nent of
the invention. As indicated previously, the principle
of the 10 invention is basedign the fact of
measuring, in a systemfor treating water via

bal | ast ed flocculatgon- sedigﬁgﬁation, aranet er

a .
correl aféd T¥he bafl &5 © SOkt i IPT n/t R OVides for

balkst reeiekeitid 0Bl | BBe HulkNdothethe re-circulated
re-circulation thereof. 15 A system according to the

i npedtliagt s aofthehandgydland wfi ridie hydreessionne

inlet 1,for tr .. le 0 -
roccuIgf?ﬁﬁ%géﬁia%?o%ﬁF%ngﬂﬁsgpﬁggvﬁhigﬁ&%tg§F§§§Flon' of
oneHed eeaid Aflwdye eagenirée Sisnpaetreddvbatany?2G pump 10bis
injection_neans_2 and return of a ballast, such _as

fi g&d §hnH}F%i3béﬁiQﬁQﬁﬁﬁ%ﬁl%@%n5639n3e5t§89tﬂﬂﬁﬁ mixture
taﬁ%r@ctﬁ Hﬁﬂﬁg @Een§1oﬁbﬁfatisg'Egﬂkahhomﬁhhﬁﬂﬁ§ ﬂéssing
and provided wth neans tor discharging clarified
watérofighas heellydaocydame for 25 recovering 51 a

m xture_of sludge and hall ast; - re-gcirculation_line
T el By T BRiciRRes Gl TiotRY A Loh . @
exneaGiirahgo Wansty); forata lRasinang huihacyad aheco the sand
enabling the 30 separation and recycling of sand

pr CONCES tFERdIONY itthd nadadd$sl sl udge to the subsequent

S on 2SR SO oA M S LB p Mo e
r eciimjcedtitdmnof1 1 e, bubbt@éatnhefﬂcgﬁ cthe uhatirdeyhdldrast the
vi %atn etlljlr&%erbfeli?lvg\:lj ::’nig:fedt r1]:eoghe){: re?fC)\/NCilt netfhe sludge.

According to one conceivable alternative, the
sensor 1s provided on the sand re-injection line, in
the underflcecw 3 of the hydrocyclone 8.

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

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

- a Coriolig 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 Sclarton 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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According to one alternative, the extraction of 5 the
sand/sludge m xture is carried out by a punp 10bis

and a line 7bis provided for re-injecting the m xture
directly into the floccul ati opstank 4, w thout passing
t hrough the hydrocyclone 8. According to the principle

of e i,nvention, .a_ 10 _neasuri se r for

P EiP ST AR RS FIRE SUHAIE Rhagh ot | B Company
In%tn@d ls@d.- TEO G ikt xS dekkiss )pr ovi ded on the
re- circulation I1ne, upstream from the hydrocycl one,

the sadd tHis PEENY ﬁhﬁédQ(ﬁﬁﬁwmﬁtﬁftﬁrt@§QﬂﬁRkﬁaSensor
15 écq%’ecg nglEo gne &% eﬂlr}/aatblghglg £pa I'lc%mpll;llses a

sensor 15 ‘provi d8d - 6n ?ﬁ sand re-| JGC&IOH I ne
t heeidder ficow sha@dn t he hydrﬁﬁgukenef&r Aceandiing ttthe flow
yet anot her conceivable alternati a sensor llb’éh the

s IRt Ent RESH%he FREQEIRUI ERfon IlPﬁ'e Sy AR S

up%ﬁ&%@&&:ﬁﬂﬂ%@é}t for re-injecting the
sand/ sl udge m xture re-injecting point into the tank

4. TheSsewsas (of sdmsopspvicuslibirenricomprdf syme yenable

of the t bel on e f ||OMAn ro - a
ot eas Tt dg i Puliidds Gt tieto detecten,
mariketed-diydihe- Kﬁpmeré‘@mnyo(eabl MaEsrélF the mixture
(re i stered trademarks % or by the Endress Hauser

any1pPgene88dg3Fand egivwittdt e ariaddmiss )y - thg sludge
U' LR aft-.'l%‘weheém HE%%Ufid“%}lhe ﬁ‘@t 62vaLi9Ref A0 the
ul trasoun S|gna transm ssi on, 0 as those
nambaﬁe@dmpaﬂuraﬁﬂdntﬁrnmwﬂnug/anﬂngﬁm/(&Eﬁérﬂ@@,of tests

i stered trade ks);. - acoustic sensor
476" S & BN <ch 5t Joid Y TR SbITH FRTTE es
Str'k'HQEkhe “@éét@f 13onducted on various sensors

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

Tests conducted for sand concentration ranges
(effective diameter of 85 micrometres, and more
generally speaking a mean diameter of between &0
micrometres and 300 micrometres), consistent with the
usual concentrations in this type of structure, and
between 0.001 and 600 grams per 1litre, and for
temperatures Dbetween 0 and 80°C, demonstrated the

following performances:




the pi ping, such as those marketed by the Roxar
Conpany SAM 400-TC, registered trademarks). In the
event that a flowreter or acoustic sensor is used, it
is noted that the system al so,gonprises a 5 neans,

not shown in the figure, for neasurlng the flow rate

passing through the |line eq th, the trasound
flomneter“”§€h§6ﬁ¥ﬁﬁ1Qtﬁfﬁﬁ?£glﬁ% yn%%%?|%H%gYF§5e simple

enable q$Ati stactepy (nsggl £8.ah0 1B8€ nptfAied, e Pl BB Rarge-
elected 10 in particular with regard to the nature

of dianatisat wiwiotg)s) Ly zaRi G arekronsd varee@neas in

t he sl udge tratlon from 20 _g/ |

. GO
varlatlonsj1ﬁ1tﬁé Ou%%ncen?ra%lon Proﬁ*ﬁﬁfo Togree ot

59/ laccurseh ess Qﬁbﬁa&.ﬁiéd hesthhgr & eni €londicé et @Basurements
various types of sensors. 15 The tests_conducted on
varidis sem3@res 1 Qﬁ&non§?ﬂ&@€ﬂllﬁﬁ'parFP@ulaPOt?ﬁéﬂaﬁhe for

| nfyr 5 L1980 bih 8R4
not%%#ﬁ%?%éggﬁe Su ?é%%? t#yﬂgpart?cular I'y more) .
at tiogh mamncamhabuﬂamy,ofasamd teaaoaabﬁat|¢¢E¢iﬂa@hbrw1th

t han 20 53F9 f or pertain I R sensors, greater than
4000 grHyma Ej7 as well as microwave

10absor pt i-O%Qé}ﬁtheS@%&qa,ls\MEfb@& sgehuBeki: OabUbxcellent
whi ch are expensive, poorly suited to |large_dianeters

andldanes e@éer%@w@@cy ds$ webtaasedo Wrwﬁfﬁ @r gdddd direct
Co%eeantdratrrlleon g TF§I Congéi‘“ gL cseeﬁ.che“ntss degree of

conCert tation F an feffec rve

m Gjﬂrﬁﬂlﬂslt}aﬁdhﬂghe mageiwlaidmlsim@akl aghdghearice, head
dlaneter of between 60 mcronetres and 300 o
m chifet T edNIUEBAs N drfte wHtREER PhRhRs Size - remaining

1500Qﬁ§5g Bid s 4k 4 hised Vpe égnééfucﬁﬂifkeaﬁglgghe others,

bet weent 0. 001 and 600 grans per litre, and f
temmﬂsunﬂ&ﬁndnnwm&¥1dbmamhﬁmﬁx1@@n@ﬁsmlgxeaanﬁe(ballast)

but also the {mass) flux thereof. This introduces an

enormous advantage over the other types of sensors

(ultrasound, acoustic, etc.), because there is no need

20 to add a flow measurement onto the re-circulation loop,

or to even enter (programme) a flow value (design) into

the automatic control system in order to obtain the
mass flux.

In one preferred alternative, the measurement of a

25 parameter correlated to the ballast concentration is

carried out via ultrasound absorption. This measurement

is calibrated wvia sampling, in order to be correlated

with the concentration of ballast flowing through the

piping. Threshold concentration values are defined by

30 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



foll owi ng performances: 14 - wth acoustic sensors
and noi se analysis: sinple and quick set-up (less than
15 m nutes, even on |arge- dianmeter piping), and rapid
response to events; - with ul §gasound sensors: a good
degree of 5 accuracy i s obtained, conpared with

di rect nea enent excel | ent rella I ty,
potb@r?ﬂ‘-’al Erj ngfz‘é?%‘ﬁi{%gn %er?’&r g &S éi’a' pi Pt ng(alther
(30 yonangh M), 1+ g mehat %?@J_béﬁict)ﬂ i a&any, or any
reasonabl e cost and wth mnim d loss; 10 - with

t hea@driimsiti iorefdfedthes disbiering astcdnent degr ee of

accuracy i.s .obtai.ned compared )
measur eme rslg(‘j(?rfg%, a% a% e\Q%EéEPen% %egregrof low-level

51 eldaatidritinst furgha Teiong ai nabi lity, a high price, head

|l oss - induced by the limted pjping size - r I Ni .

15 accept &HPPTH s Wy pei ﬁ? ?@Tﬁ(%c al ETHHEUTgtlon'
ot her Sime ABASIHES M, only concentration of m crosand

(bal I ast but al'so the (mass) flux thereof. This

i nt roduc—e$taerrtﬂrm’raummlacg/,anoageﬂmrae t he dieer reypesonal

of sens (ul trasoun acous because

t héfRES % %&%Sﬁ%réao%m%pfﬂowjr@ &0t ement onto the
10re-circul atfaedfecMadd BYhENtStaf P60QL aspeedact the

flow value (design) into the automatic control system

i n SsIRREeR o 1Got AT Y n@Fesemix. atn &he pPetéppedof the
zﬂté% t|v ,té$§ Jreasur ement of a 25 parameter

corre e ball ast concentration is carried

out V|a4ﬂdva¥unﬂmbﬁﬂ5ﬁrpheonnsfhmxameaasr&maﬁ of shallast

cali brated via sanpling, rder to be correl ated
Wi tﬁr’FQ“he E&Rcent®AtFon ‘i‘ﬁ‘ bz‘i East ® i?B?\n ndt hr 5%& tRallasc

15P1 RidMhedd ¥ £SO i GORC B £ R+ Ok Vb B0 8 emdef i ned by
- 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 toc the second embodiment,
20 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
25 (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, i.e., well-suited to the usual
concentrations in the flocculation zcne (0.5 to 15 g/l
30 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,




30 the users. The sensor 11, |Ibis data are

transferred to processing neans 100 for the purpose

of displaying the calculated ballast concentration

and of conparing the sensor data with the threshold
values, with the result 15 being that, exceeding

these thresholds in either _di.rrection results in th
op@lpéﬁo&ﬁnb% %Er%g/ ¥ a%{;e c‘gﬁgfiggti 8% o?cﬁ}e‘ne Yot ovwfrrl}g the
actinSontdy idgesdtigpof a high-level or lowlevel 5
concentration alarm - stopping of the ballasted-floc |,

f1 occul HYGMI seditdent at EEReFATENtalst ar E€FHLEPoppi R§Tiod.
or £ ' he_r | Anal p t r e

i ke o M B e BB O s (| P88EC and che
5r otratrivzialmespeedi rof dens stesiped WRredssibégnpdesdeand 5.8%.
at the bottomof the settling tank 5; - evaluation of

t he i nstantaneous | oss of ballast fromthe val ue of

the slope of the ballast 15 concentration curve with
relation to tine; - injection 14 fromstorage 13 of a
given quantity of ballast, intended to conpensate for

the | osses of ballast detected by neasuring. Figure 2
corresponds to the second enbodi nent, 20 with a

sensor 11 subnerged directly into or at the outlet of

the floccul ati on zone, upstreamfromthe

sedi nentati on zone. Wen carrying out experimental

testing, the probe used was a infra-red Solitax sc
TS-line probe 25 (registered trademark), marketed by

t he Hach Conpany, and enabling neasurenent of the
concentration of




suspended solids within the concentration range of

0.001 to 50 g/1, i.e., well-suited to the usua
concentrations in the flocculation zone (0.5 to 15 g/l

30 of sand), and |ower than iRythe ball ast

re-circulation |line. The probe was installed

i mredi ately after the weir gggikéat the outlet of the
floccul ation tank, 40 cm de approxi mately at

the mddle of the weir in the horizontal direction.
During the experlnental testing period, differences

i n nmeasur-eMarthaset ween foe prob&Taa8inge 5 nHALEF by

TN SR OB el B S BT or

fIdmg@aﬁﬂmgﬁsedhﬂentateemlrcmbauﬂm@g steefps far ballast,
injecting and re- C|rculqglng of a bal

t,
ch&PRE&Te2edFSh t ABt it'3hncl ddes ﬁngiﬁaeﬁor & step for

5 CORJAUGH] Y5 INPasHELBArthE Caneent fahioRtPht$8hd of said
ball ast and a'step for conparing said neasurenent with

r efrerldrce \arldies . sRep\WEDET compattiogt sRjist angdierement with

|npl nmet hod of claim1, including: 10 -
Igﬁg ﬁgébéﬁlatlon zone (4) provided with
rreans ofz | MaeducicRgatdent bakkasth 86€d agnbdémBfgting the
nmeans; - at | east one sedinentation zone (5) provided

wi tiethorbee fgra e dov A BI: a ni xture of sl udge
oand balla tffaa%‘t 'B%?é“%f&{cﬂas&*&{ 9j ige Clz? '{;f&@'lded with
nmeans

wat er (6) re-circulating

saimeava |cafstintrpduming uir®e vatbahhasjtslatd@eagnuamng means;

Separatgdat least one sedimentation =zone (5) provided
with a zone for recovering (51) a mixture of sludge and
ballast, and means for discharging clarified water (6);

15 - means for re-circulating (7}, (7bis) gaid
ballast, in a mixture with said sludge and/or separated
from sgaid sludge, towards means for re-injecting the
bulk of said re-circulated ballast into and/or upstream
from said flocculation zone (4),

20 characterized in that it includes at least one
measuring sensor (11) 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 continucusly.

25 3. Water treatment system according to c¢laim 2,
characterized in that said sensor or sensors are
situated on said re-circulation means.

4. Water treatment sgystem according to claim 2,

characterized in that said sensors are submerged in

30 said flocculation zone and/or at the outlet thereof.




fromsaid sludge, towards neans for re-injecting the
bul k of said re-circul ated ballast into and/or
upstream fromsaid flocculation zone (4), 20
characterized in that it inclyges at |east one
measuri ng sensor (11) for a paranmeter correlated to
the concentration of said ballast, said sensor or

sensor s ° bAIHFESI tFREPGH a SYETEDF 25T em none  of

whiohy s & Bahl 8st chs rakkewsakidnd it HdthuQusd YserBoB. (11)
Wat er treat nent syst em according to claim 2,

cha;lrEa@t émlzmilm emﬁctsa‘il%s%ef%@fm%trelsm@r ar e

treat men sys em accor ng t 548 a m char bt &R 288

5i N dlngtms a2 das@nsor sharacsebiieeded n tha0 said sensor (11)
floccul ation zone and/or at the outlet thereof. 18 5.
Watlet %Qéﬁjt%ﬁo%%tﬁﬁ%%’éordl ng to one of clains 2

and 3. chanapler i 28k dfhddal Sl ClsRorihy kS done  of

Coriolis effect nmass fl owreter sensor. 6.
t r esltaion zysnénﬁacchmhangetrozedemf tl‘Eath%am Qelaﬁ@r (11)
3, characterized in th d sen

ul traBURF YT . Se?‘m%t"é kfrré%i%n?é#%?%% accor di ng

10t0 one of, wWldiBtediest Shatakt ablkzeding tdtatamai dne of
sensor (11) is an acoustic sensor with noise

anadissins 12 8tOV\At7er t Pearaerer 5yed emificc didithg $3ld  re-
f t .
any f%ghf)t Qngéng (H)ing udgég?%égg?%g}%ggtséﬁégatlng

re- circu on nmeans

sep&faaid ng3 ) nephsat&l whéteded fipshreandf fbovsaldtion zone
flocculation zone (4). 15 9. Water treatnent system
accdrdi ng to claim8, characterized in that said

15sl udge/ bal )pste ,SepacatBitr system according to claim 8,
characterized in that said sludge/ballast separating
meang (8) include at least one hydrocyclone.

10. Water treatment system according to claim 9,
characterized in that said sensor (11) is situated on

20 said re-circulation means (7), upstream from said
hydrocyclone.

11. Water treatment system according to claim 10,
characterized in that said sensor (11) is situated on
said re-circulation means (7) in the underflow (3) of

25 said hydrocyclone.

12. Water treatment system according to any one of
claims 2 to 7, characterized in that said re-
circulation means (7bis) are provided in order to re-
circulate said ballast mixed together with said sludge,

30 to said flocculation zone (4).

13. Water treatment system according to claim 4,

characterized in that gaid sensor {11) is an infra-red

absorpticn sensor.
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means (8) include at |east one hydrocyclone. 10. Water
treatnment systemaccording to claim9, characterized
in that said sensor (11) is situated on 20 said
re-circul ation nmeans (7), upstigeamfrom said
hydrocycl one. 11. Water treatnent system according to
claim 10, characterized in that said sensor (11) is

si t uat ed on Y& rEEITTE 4T S REANSCTF P ntPhany one of

underd{@w ©3) t8f 125 ShidaledrqGeel 0ng. théat VALSKW ballast
treatment system according to any one of clains 2 to
7, wshastisgtier pZeddne t Bandsaiwhirah partakiesomemangdiameter

(lhis) are provided in order to re- circulate sai.d
et x BB gttt vi PR s Sigee 365 0 e 290
fl egicita@idtareszone (4). 13. Water treatnent system

according to claim4, characterized in that said
sensor (1F1) Wakem Grfatdiedd SubHP RESPreEnESoFe any one of

14'ql\ééj.tn?sr ir&?tf@”tcﬁyﬂ@%ﬁf%dﬁ%ﬂ& any Qﬁ?lﬁaes means

claims 2 to 13, characterize at sai d ballast
comBirstsroftessnegsdatda WiaEH pletivddsfmean sdilghetensor or

f out .60_m.cronetres to about 30Q 5 ,
T D e ng e o fof olrpad aFais data

anyy i e Mined tthddshghag acterized in that it
i ncl udes neans for processing data (100) derived from

sai d serdor Watexschsertngntl) syshehudcagradags tforclaim 15,

ig rté;%%srﬁlea O?r:h.?i S&Q?W tgalotﬁegr?eta rﬁm. %%fj Egtr'nﬁétl}glsg% are
. ystem accoraing to clalm )

charcagilerd zedth nat mat osaighmpeamsi©f (Ccopar(ii®®isr efor said

Couééﬂ%é@;i;é%én¥é¥)fngg)ég”éo(gégftfééggsga{grmgggg pump
(10), (10bis) unit on the basig of gaid comparison of
gald data with said thresholds.

17. Water treatment system according to one of
claims 15 and 16, characterized in that said means of
comparison are coupled with an alarm capable of being
triggered on the basis of said comparison of said data
with said thresholds.

18. Water treatment system according to any one of
claimg 15 to 17, characterized in that said means of
comparison are coupled with a means for injecting (14)
a ballast make-up capable of being
activated/deactivated on the basis of said comparison
of said data with said thresholds.

15. Water treatment system according to any one of
claims 15 to 18, characterized in that said means of
comparison are coupled with said flocculation zone (4)
80 as to stop/authorise the operation thereof.

20. Water treatment system according to any one of

claims 15 to 19, characterized in that said data



recovery zone (51), so as to start/stop said notor
punp 15 (10), (10bis) unit on the basis of said
conpari son of said data with said thresholds. 17.
Water treatnment system accordijyyg to one of clains 15
and 16, characterized in that said neans of
coqyarison,are coupled with an al arm capabl e of being
20

IQRRT W ofeehe LY ofT8aic®@diRshr¥ibh Gt skeast one
datrgeand t B rSabdsphEoshgl dsne 18:a W8I dd CRURIANLDEL)A  of
according to any oné o claims 15 to 17,
chdralchast zkel i at t heasts adne neaist ofn chepayssen. are
coupl ed it nmeans for injectin 14 5 a pal | ast
rako up Hpdlf o i e T AL o e dTodi £ BVt e Of

sbasilsa s saizl eepan,sokhaehcsaird @d aiw t Bhedi dsaid data
threshol ds, 19. Water treatnent system according to
anPIGE BTN |BF 3RS 1619Q) 18nckyde Jaeans zef Falendating the
sai ans gof aki.son e ed Wi t .0
flggggfatégn %ﬁﬁg'§4; g%égs ?% s§§%§§utﬁ§9%§§%ﬁé§ng the
opercatdegrt tdierawofof Ah 1 Midterwitleateteat i stysten ime.
according to any one of <clains 15 to 19,

characterized in that said data 20 processing neans

(100) are coupled with at | east one neans of

di spl ayi ng the cal cul ated concentrati on of ball ast

for at least one point in the system 21. Water

treatment system according to any one of 5 clains 15

to 20, characterized in that said data processing

nmeans (100) include neans of calculating the |oss of

ball ast froma curve representing the concentration

of ballast with relation to tine.




