METHOD AND SYSTEM FOR SEEDI NG W TH MATURE FLOC TO
ACCELERATE AGGREGATION I N A WATER TREATMENT PROCESS

[ 0001] The core el ements of conventional water
treatnment include the sequential process steps of
coagul ation, flocculation, sedinentation and physical
filtration. Typically, chem cal coagulants are used to
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those with neutral buoyancy. These features allow reduced coagulant
dosage by 50% to achieve the same turbidity reduction; which may be
attributed to the compact and self-limiting narrow size distribution of pin
flocs resulting from fluid shear effects. The combined effects allow for
extraction of micron sized pin flocs in fluidic structures to potentially
eliminate flocculation and sedimentation steps, resulting in significant
savings through reduced land and chemical cost, operational overhead,
and faster processing time from raw to finished water.

[0004] A major design consideration is the aggregation time to grow
the pin flocs compared to the hydraulic retention time of the system. For
in-line pin floc formation and subsequent removal with the spiral
separator, it would be preferred that the two time scales be comparable

or at least the difference between these two time scales be minimized.

1



separator, it would be preferred that the two tine
scal es be conparable or at least the difference

bet ween these two tine scales be nmnimzed. 1 [0005]
Figure 1 shows a ballasted floccul ati on techni que used
in a known comrercial system referred to as ActiFlo
by Veolia, which solves this problem by introducing
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system. The system 40 includes a processing unit 42 and a
hydrocyclone device 50. In operation, water 52 is injected into the
system along with coagulant 54. A mixer 56 mixes the water 563 and the
coagulant 54. This mixed combination then has micro-sand 58 added
thereto by the hydrocyclone device 50. A mixer 60 then mixes the
micro-sand 58 with the water 52 and coagulant 54 combination. A
polymer 62 is then added to the mix. It is then mixed with a mixer 64
and delivered to a tank 68 of the unit 42. A mixer 66 is used to mix the
material that is delivered to the tank 68 and treated water is skimmed
from the top of the tank 68. Notably, the material containing the micro-
sand mixture is fed back from the bottom of tank 68 through a feedback
2



and delivered to a tank 68 of the unit 42. A m xer 66
is used to mx the nmaterial that is delivered to the
tank 68 and treated water is skinmed fromthe top of
the tank 68. Notably, the material containing the
mcro- sand m xture is fed back fromthe bottom of
tank 68 through a feedback 2 line 70 to the
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earenel Jeask of i thed cuirpldsizenof thenspiralnsepataiaps i &piral
s&%?& Bbla?aqrve to segregate the mixture from the buffer tank into

effluent and waste water having aggregated particles therein and an
outlet operative to provide a first path for the effluent and a second path
for the waste water having aggregated particles.

[0011] In another aspect of the presently described embodiments, the
inlet comprises a mesh filter.

[0012] In another aspect of the presently described embodiments, the
mixer is a spiral mixer.

[0013] In another aspect of the presently described embodiments, the
system further comprises a tank for forming the mature floc.

[0014] In another aspect of the presently described embodiments, the
age of the mature floc is minimized to allow optimal aggregation of small
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[0012] In another aspect of the presently described

enbodi nents, the mxer is a spiral mxer. [0013] In

anot her aspect of the presently described enbodi nments,

the system further conprises a tank for form ng the

mature floc. [0014] In another aspect of the presently

descri bed enbodi nents, the age of the mature floc is
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f.eedi.n% t hF wast e water back into the buffer
mixing is spiral'mixing.
[0019] In another aspect of the presently described embodiments, the
mature floc is injected from a tank wherein the mature floc is generated.
[0020] In another aspect of the presently described embodiments, the
separation is spiral separation.
[0021] In another aspect of the presently described embodiments, the
method further comprises feeding the waste water back into the buffer
tank to be injected as mature floc in the injecting step.
[0022] In another aspect of the presently described embodiments, a
means is provided to implement the method.
[0023] FIGURE 1 is a representative view of prior art;
[0024] FIGURE 2 is a representative view of prior art;
[0025] FIGURE 3 is a representative view of prior art;
[0026] FIGURE 4 is a representative view of a system according to
the presently described embodiments;
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tank to be injected as mature floe in the injecting
step. [0022] In another aspect of the presently
descri bed enbodi nents, a nmeans is provided to

i npl enent the nethod. [0023] FIGURE 1 is a
representative view of prior art; [0024] FIGURE 2 is
a representative view of prior art; [0025] FIGURE 3
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mixing of source water and coagulant. It should be understood that the
mature floc typically are large aggregates that are either extracted or
recycled from the waste stream of the spiral separator or generated in
another tank from coagulant and organic and/or inorganic nano-
particles, for example, those that are naturally occurring in source
waters. As such, the seed particles do not need to be recovered as they
separate out with the waste stream after spiral separation. The
additional chemicals to form the seed floc can be off-set by the 50%
reduction in chemical dosage for coagulation. One implementation
method is to prepare the mature floc off-line and inject periodically into
the buffer tank as needed. Another embodiment is to feedback the more
mature downstream floc as needed to the buffer tank. Mature floc may
take a variety of forms as it is a function of relative age and the system

into which it is implemented. In one form contemplated herein, mature
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particles, for exanple, those that are naturally
occurring in source waters. As such, the seed
particles do not need to be recovered as they

separate out with the waste stream after spiral
separation. The additional chemcals to formthe seed
floc can be off-set by the 50% reduction in chem ca
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receives source water at a suitable inlet (shown representatively) from
an input water source 102 that is, in one form, flowed through a mesh
filter 104. It should be appreciated that the mesh filter 104 is designed
to filter out relatively large particles from the input water. In this regard,
the filter 104 may be formed of a 2mm — 5mm mesh material. In at least
one form, alkalinity is added in the form of a base to the input water after
filtering by the mesh filter 104 to adjust for the pH. Any suitable base
may be used. In at least one form, coagulant may be added to the input
water after the base is added. Any suitable coagulant may be used.

[0036] The system 104 also includes a mixer 108, e.g. a spiral mixer

that receives the input water and the coagulant. The spiral mixer shown
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presently descri bed enbodiments is illustrated. The
system 100 receives source water at a suitable inlet
(shown representatively) from an input water source
102 that is, in one form flowed through a nesh
filter 104. It should be appreciated that the nesh
filter|104 is designed to filter out relatively large
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sl ze.
directs effluent separated out from the fluid input to the spiral separator
to further filtering mechanism 116. The output of the mechanism 116

typically comprises the treated water that may be used in a variety of

ways. The spiral separator 112 has a second output line 118 upon
which waste water travels. The waste water can be disposed of in
appropriate manners or recirculated within the system along a feedback
line 120. It should be appreciated that the feedback line 120 is optional
to the system; however, in one form, the feedback line 120 provides
feedback of the waste water to be reinjected into the system as mature

floc. As an alternative to the feedback line 120, mature floc can be
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The aggregation rate of small particles can be
controlled by the concentration and size of the added
mature floc [0037] The output of the buffer tank 110
is connected to a spiral separator 112 which has an
ef fluent output 114. The effluent output 114 directs
ef fluent separated out fromthe fluid input to the
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tubular band (e.g. forces the tubular band to flow in a manner offset from
a center of the channel), resulting in an asymmetric inertial migration of
the band toward the inner wall of the channel. This force balance allows
for focusing and compaction of suspended particulates into a narrow
band for extraction. The separation principle contemplated herein
implements a balance of the centrifugal and fluidic forces to achieve
asymmetric inertial equilibrium near the inner sidewall.  Angled
impingement of the inlet stream towards the inner wall also allow for
earlier band formation due to a Coanda effect where wall friction is used
to attach the impinging flow. The migration could also be directed to the

outer wall based on the selected operating regime.
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geonetry of the channel and velocity. These forces

i nclude centrifugal forces and pressure driven
forces, anmong others. [0039] In the case of neutrally
buoyant particles, as such particles flow through the
channel , a tubular pinch effect causes the particles
to flowin a tubular band. The introduced centrifuga

[(flﬁ"g(&ear tthuFé’FérérF‘f% thuPigu?e Paptk (Oc?r nei Of - $aist BR mIet 11

band to W in-a nmanner from a cen
wifereimethehinleebjreamessibhgley towand ﬁwmrmrrwalhhyeamwgle 8.
mgration of the band toward the inner wall of the

ToleaBelar DdHE 18 05 tsud AR eatic?ibr ehRiss OGS the Gutiet 14.
conpactl on of suspended particulates into a narrow

Ofaeurser thexseeand ontletrhe feethe mmamlm ifkiéd g which the band

1BOR SRR PR A bR, STEBNG R 523! B tre i
ahglﬁ ma#&y bedrddlizedi usingeany témaabrmememaiﬁml br téetliqde. 1t
npi ngenent of the inlet streamtowards the inner wall

sapg@ ala%\ner appragiatede thal senlys Bievinlebangueutist Rodiepsiare
Sﬁgwﬁ%_l;vygs gvvall friction is used to attach the

I rpi ngi n ow. The migration could also be directed

[0 1]he Figutert Onghdwbas aphirah dblv&:eSGDGc(lvddcbnmLﬂd iopgrate as
[ 0040] Wth ref erencgpéo Fi

regi ne, 8

thﬁhgawei SaRATRIG b2 on1SeaL TixehaPes haviig fniiet 3pzeanpiral
ch§ % t?et%hﬁ)h BR§"3048 \/ahﬁu@rb(ﬁﬁ?u‘?a@ons &ha spiral
tu ormed earlier for egress out
defncehmagule asedAsuchDhsdboseejestchlbeslelocme aboveenoted! patent

fluid whi ch th d 8 .d
abbfoe i 4b hisgReard s ol xaePe e s BB Aokmgiated
thatltak infftGhgy f@’ﬁ@&hbﬂéb'dfﬁ%é@'uw @qurﬁférbﬂ@é‘i‘)f the spiral
mechani sm or t ec shoul d al so be appreci at ed

ot atathemeptetrr(es|shomn imbigure| K), gepending am éhe spofiguration.

R o o S0A By S (050 55, Foanc

18mfrla|bui’@ }'maPBe drecrd tHroughehedBtordl 6pileh 6 based on
channel 304 and outlets 306 and 308. Vari ous

theoselegtadppering regidigi.ral  devi ce may be used, such

ho ri J: t p
(B SEHAEE. 1 e WP UEERS SRR By of .
this sedaed afthe espisdledhixer may take a physncal form su_bstantlally
similar to that of a spiral separator, with some minor and/or functional

modifications. So, with reference to Figure 9, the angle 8 at which the

fluid is received is tuned to create sufficient turbulence in the channel to
mix, rather than separate, the particles of the fluid (as noted above).
Also, as noted above, the growth of floc is controlled in the mixing state
as a result of shear forces. The outlet may be separated, as shown, or a
single unitary outlet.

[0043] In operation, with reference back to Figure 4, source water
having particles therein is input into and received by the system 100 at a
suitable inlet, mesh filtered and mixed with coagulant. This water is then

received in a buffer tank 110 wherein a separate injection of mature floc,
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that the inlet may be positioned on the outer
circunference of the spiral or at the center (as
shown in Figure 10), depending on the configuration.
It should al so be understood that the particle stream
(such as the band 18 of Figure 9) may be directed
t hrough the second outlet 16 based on the selected

n L S8, +hih ¢
p%?%ly ?‘a%ggéa%é’aer I[the)%%t -df} '%?%&;5 _%?ItRE teﬁﬁgr %égamééﬁ 112, is
m'aﬂef al Imthqerregalgd tthéespm‘amlsepatmbr fld2ris opesative tcalsbgregate

I to th t th ]
th, Spuiber WA Bl ISR A WS e S ol SR & R BSrein
tHe \AFéﬂé”\ﬁal%’r lha%d@@gé@gr%g%tted\‘iia‘ihclbgefonfn'eﬁ' Féléﬁ;vely quickly

received 1s tuned to Create sufficient turbulence in
ashe resialhoé|thednjetition ehature flag. sepanacoetput igwm the spiral

ticles.of. the fl ted

sBEata10L 320 the Hedte Sru @it PP BEA18BRY i upé uiifle, Big, waste

ﬂmdxt:é‘ﬂ be aisposadd of dSre§M|\;§IyCrfecﬁB€I%ted P61 RspeakNiseods Irdhture
may be Separated as sh own, Oor a Slngle Unltary

float | et. [0043] In operation, with reference back to

(R4 ® he, oL Bl 65208 EEEBbENES bl el Pherein

canibeadxslaindein temmihof agd@igatioaskinetics] AWgghegation kinetics
coagul ant. This water is then received in a buffer
deseibas theueyplitiornof agaregates fedifferpntosizaaiayes timecl If we

sS5 5 2l Berd BRUEA! PR Pyl o o

separat o
SRBI ao’:)l weegan aescribhéZhedimp enatluitien b tise quegaeredensity Ny of
source water .into effluenta’@p&S ste water streans or

agdregatescopiaining K pripayP ¥cl udes aggr egat ed

particles fo:ﬂned relatively quickly as a result of
(yiNanePtlp of mature floc. Upon @utput fromthe
spirfal—

Sqpardt & (F1R, Nt Neated BT R (EHONE N,

avd | able [ pré ile ‘can e *

di sposed of of S|nply recircul ated T repeat use-as (

1 ture floc. [0044] The maturing of the floc and its
enefits as described herein can be explained in

ST, ineior o8 RIBNKIARbIES: 1iR02AR 1 PRIGASS anc
the kexned VT, ji demotelsftheeefficiency with which particles of size j and j
collide with each other. A particle of size i is an aggregate that consist of
i primary particles. The number density N is defined as the
concentration of particles of size k divided by the total concentration of
particles at time t=0. The first term on the right hand side of (1)
describes the formation of an aggregate of size k through the collision of
two smaller particles of sizes i and k-i. The second term describes the
loss of aggregates of size k through collisions with other aggregates.
The collision kernels K(i, j) depend on the physical driving force that
brings the particles together.

[0046] For small (sub-micron) particles diffusion driven (perikinetic)

aggregation dominates. For this type of kinetics, the collision frequency
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assune an initial dispersion of identical particles
(primary particles of size ao), we can describe the
time evolution of the nunber density Nk of aggregates
containing k primary particles by dN\Nk 1 k_1 =-
-JK(i, k-T)NNK_; - K(i,k)NNk dt r 2 p=1 i=1 [0045]
where T is the characteristic time scale of the

dpy, t
léemﬁ%ﬁ&\?\ﬁhmgﬁ %%rtblsc eén\glths}ﬂﬁ/?g;ril }wggdlﬁ%ﬁglt Pﬁg?cfléé GfLrﬁf‘%)éch
otteartard thee collisjpar kémmled aofl tiheesciale areagn@y@nyegat e that

consist of i primary particles. The nunber density Nk
is defined as the conce t/at | o 1,~"EJ 2 particles of size
k divided by th ‘1 icen n of particles at
time t=0. The f rm on Iik]epBI ght hand side of (1)

descri bes the for rmtl on of @n Qggregate of size k
through the collision of two smaller (é’e’f\'tl cl es of

sizes i and k-i. The second term descri bes the |oss

of aggregates of size k3ﬁ7rough collisions wth other
aggregates. Th€ ot Hsten—kernels K(i, j) depend on

t he physical driving2pr cﬁ?\f@ brings the particles

t oget her. [0046] For snél ub- m cron)2pprticles

di ffusion driven (perikinetic) ggr egati on dom _nat es.
[Q047) hiHefey i (80 ik theradiis @fh@n @agreg@f@nofr siggUede s i3dhe
is determined by the rate with whichptwo diffusin
Bpltzrian Eactor,ndl isaebsolutdempedatune, cdl iis Shervineasitl of the

an [ cal e . g ( +3~ K(i,l) r 1
1ty avgo B et Bardle' Aol Bopsy
[0048] Stirring of the colloidal suspension adds a shear induced
(orthokinetic) aggregation kinetics. In this case, the collision frequency is
calculated as the rate of particles of size i that move through a circle

with radius a;+aj, giving the collision kernel and time scale

o 'a,.+aj' ’
Ki.j=|——
ay
(3a)
. 3 T
ry = — =,
4ya}N, 79 ab)

where y is the shear rate, and ¢ is the solids volume fraction.

[0049] As can be seen from Eqgn. (3b), the rate for orthokinetic
aggregation increases with the size of the particles, and for a typical
shear rate of 1/s exceeds the perikinetic aggregation rate for particles in
excess of 1um.

[0050] In a situation where a species of large particles (>1um) is

mixed together with small particles (<1um), we observe two competing

11



[0047] Here, a; (a) is the radius of an aggregate of
sizei (j), kBis the Boltzman factor, T is absolute
tenperature, 77 is the viscosity of the fluid, and No
is the total initial particle nunber density. [0048]
Stirring of the coll oidal suspension adds a shear

i nduced (orthokinetic) aggregation kinetics. In this

aﬁgfé‘;gaotgd?ﬁ KGRLiES s‘?ﬁé‘l?nﬁé(rt?c?es GRHIC \Yr oug% thea the

partic eso size i that nove acir
perikimetizdaggregatiah, rajeyviAtgthehsamel tims, dheklargelr partmbles wull

“SwS%p Upaie Smlles pAricrestis hEaufhoKipetic sRgieaditon tle. The

sé@éh@?rd&&é&‘% déaGidernpy [ 0049] As can be seen from
Eqgn. , the rate for ort hoki netic aggregation

increases Wth the size of\ihe particles, and for a
t ypi cal dﬁﬁ@ar rate ff s|e s the peyrjkinetic
aggr egat ratel por L party ¢l Z\Z f\gy —exde 353\7]@ im

[ 0050] | nd& S|tuat| n wigré a species of |arge

particles (>1 m is mxed together with smal | (4)
partlcl es /;br{r&" we observe two conpeting 11

s edat Fodk eti G, q(l not RATRhE PAUME ! Rsctiid Iofgirl"@"’larger

toget her at the peri I'C aggregati on rate.
padiates.i me, the larger particles will "sweep up" the

PME SOl e agatEsrliop, BERRST Irdg A Isls i VArSSImer ) to
bé*cdr{stml)“ we cah $hidgraté! Ehﬁ' (@$ro oMisairethd ﬁuﬁﬂfér%érﬁslty for

the volune fraction of the larger particles.
the smaller particles

N, (=N, (t=0)"""
(5)

[0051] Here, the time scale Us is independent of the size and/or
concentration of the smaller particles, but solely given by the volume
fraction of the larger particles and the stirring rate.

[0052] Table 1 shows typical time scales for perikinetic and
orthokinetic aggregation. As expected, the perikinetic aggregation rate is
faster for sub-micron particles. Since in this aggregation mode many
particle-particle collisions have to occur before the aggregates reach a
size for easy removal (i.e. before they are larger than a few um), these
aggregation times are very low bounds for the actual aggregation time

required in a water treatment process.
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I f we negl ect aggregation between |arge particles
(i.e. we assune N, to be constant), we can integrate
Egn (4) to obtain the nunber density for the smaller
particles N5 (t) = NS (t = 0)e-i r r'~ . (5 [0051]
Here, the time scale 1IS is independent of the size
and/or concentration of the smaller partlcles but

ASl @@E@@d

dlUIb IdblUl I O S U
hi s BOF eqadi oh oé)&epr

hggr O €3 on.

_.L__
pip hPERBe )2 @@Qﬁpm

5. 91E+05 0.3 1.00E-03 6.02E-04 5.91E-04 0.3 1.00
[0653% 6Table Olskhowd Hypital Ginie Scalkd ﬁfO%mﬁze(bZElgmegation for
5. 91E+02 [0053] Table 2 shov¥s typical ti rre scales fo
differrnipsizag rd sonanirations; qfr s svesp, Bartigies. Even at low
[ f ar. I V.
CARENERE 8 08! ol AL S5e 188 Sorfatie to
thosepair al;hbmt—zﬁc aggmgaubnpé)orhbmmdl wnthg’greeganntbm in sweep
ned wit thefactt de a s
MEBPI3 SIGNS GOlISIaRATS Sl BRERIE WTha P DLl inaa
adgd}egﬁte 3f8t ‘?Q%a%ﬂ&héépéﬁaté@%ut}’ tﬁ%o"f‘éﬁﬁlﬁéj iU mbbh Shlgher
estUlts 1n a much higher renoval efficiency for sweep
remaial afficiegay fonsweep mode aggregation.

al [um] | NI [NA] J tau_I [s)
3 1.00E-03 | 5.91E-07
3 1.00E-06 | 5.91E-04
3 1.00E-09 | 5.91E-01
30 1.00E-03 | 5.91E-10
30 1.00E-06 | 5.91E-07
30 1.00E-09 | 5.91F-04

[0054]
presently described embodiments: (1) Jar Test; and (2) in-line floc

Two sets of experiments were performed to validate the

separation.
[0055] Jar Test -- The Jar Test is a standard method used in the

water industry to determine chemical dosage for clarification of source
waters. Typical test volumes are 2L with determined dosage being
scaled up for the operational flow rates. The protocol for a standard Jar

Test includes:
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al [um N [NA] tau_| [s] 3 LOOE-03 5.91E-07 3

1. 00E-06 5.91E-04 3 1ACE-09 5.91E-01 30 1.00E-03
5.91E-10 30 1.00E-06 5.91E-07 30 1.00E-09 5.91E-04
[0054] Two sets of experinents were perforned to
validate the presently described enbodi nents: (1) Jar
Test; and (2) in-line floc separation. [0055] Jar

[Jﬁéél - ghﬁml@é rg's tmie @ standard nmethod used in the
wat er I n

ustry to determine chenical dosage for
[005#]i fi€2t3 onl aff1 HoNe€H (astbase) angpl taimg/bsef 1% Ahes (as

L, Wi t I ned i |, ed th
oBaSuErtAdded o spnievateran siayod Ay o B aly "
[ob%sg TesbgiRmutseslow Aik028§] - 2 minute rapid mx;
[0057] - 2.3 m of 1 N NaOH (as base) and 110 ng/L of
[005N9 um Mixingcappéediat BOamire and dlossaltevedhite settie put.

IRy o8 e s St Piplito) 0380408 PPt Y, Bisgribed
eflbdesmahtoimetudes:settle out. [0060] A nodified Jar
Test Protocol to test the presently described

[ ddi medtBinute raRidsMiX;0061] - 2 minute rapid nix;

GA85) - 2 P oy bR 5 S TR o

coag source

ceagulanticaddedtalsdyroef waterWith stdrfifg3lrbidid ofi26UNTY;
sl ow m x; _and, [0064] - First batch of 30 mn floc
[0068)d at 28 MiNNt§S BIOWIMNIXiz#Rd, second batch is added at

IREAT, PE i path of 0 3, BT bBSL%H! 2 i, H0' ) anc
secedi batch iseaddad at 6 min (50 ml). All flocs are injected in the slow
mixing regime. A total of 150 ml of 30 min flocs are added to the jar;
and,

[0065] - Mixing stopped at 30 min and flocs allowed to settle.

[0066] Figure 5 shows the measured turbidity reduction as a function
of time for the modified and standard Jar Test experiments. The steeper
fall-off of the curve for the modified Jar Test immediately after mixing is
stopped at 30 mins shows more rapid aggregation and sedimentation.
The asymptotic value of turbidity is also a couple of NTU lower showing
more efficient turbidity reduction.

[0067] In-line Floc Separation — The schematic for in-line floc
separation is shown in Figure 6. With reference to the system 200,
starting from the right, 1 N NaOH is added to the input water from input
jar 202 and is pumped by a pump 204 through a spiral mixer 200 into a
second buffer tank 208. Coagulant is injected just before the spiral mixer
to promote faster agglomeration and to produce uniformly sized floc.
More mature 30 minute floc is injected into the buffer tank to act as seed
for more rapid aggregation. A total of 150 ml of 30 min flocs are added
to the tank. The water is then flowed through the spiral separator 212,
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and, [0065] - Mxing stopped at 30 mn and fl ocs
allowed to settle. [0066] Figure 5 shows the neasured
turbidity reduction as a function of tinme for the
nodi fi ed and standard Jar Test experinents. The
steeper fall-off of the curve for the nodified Jar
Test i mredi ately after mxing is stopped at 30 mns

whih s el ot 4 RAGRESE LRI 368 SRANRLBUAG Bihk 2BRE This
gl‘aMMF-dB\VEIWIﬂgW mabowsefdperation  withoiudi pympéoigictThen. fluid is

0067] ,In Th h f
SbRATALRE 31 COTEEls ATRDATTUSrnaNA WASE: GUPBMS R held in

effﬁ‘fe‘?ﬁ qaﬁezfep én'aeﬂ%swmc%% jarsbaat i mgrtﬁr,%@la%bﬁerheﬁist are
I's added to th |nput water frominput jar

petflrmad o8 mmpeue@tysdaeﬁmqntzendtwaatﬁ;tstr@am raverntiger to

BB i SR B BP0 PRI g o alow

fdrafﬁiléﬁmggabﬁﬁéfn@éﬂcﬁ O@Bétvﬁé&rﬁtt@ﬁﬁﬁew@md e¢rseparaee
re mature 30 mnute floc is injected into the

[e068]er Measured tubidity indbe cqllﬁct%@éﬂw& @nd waste streams

B . A e FRRUB' 7Ry Sl P oo
shdmssmneag higiv airdlidity @hich dicghsvo the ESyﬂnptmtoedalare as flocs
hei ght H bel ow t he second buffer tank 208. This

swimmtyoat ol dhet ligidal Thanebrntastream oM BURS) nghows

fi t f
miEh JOWEE SBrUTTREBLAG MilchCalsgiERINIES & Qo the
a$yraptatid Zatutel orhe adezﬁldurvNT Shwlalsbeemﬂaishrw ef much lower
- Or n t I ffI t
B, oS 5o ST S or S e SR R v
rérhﬁ?ed’f C)Atﬁ'@ '%Nr%? sepabae. tl'ﬁlsabb% sﬁ@f/vsfbuérﬁall amount of

I rpedan mat chi ng between the m xer and t
tigy rfmttmlow foBel] separationd whichi gitsyinia the eeféluentaéﬁr@@m

ff]
g T PHe RS mPLire o sefiBent 0 MY Mgk T bR Sefimmed
td apﬁm@é wom @@ségé Bhdllhj}écWﬁhQ’étéit@l’r@sdlplr\tﬂh% @ssired fiat ine

value as flocs sedinment out of the liquid. The
behavigent stream (bottom curve) shows nuch | ower

(006t MhdittRaId EXpdinehtd! SRerEONhiRbfitel © B CBefdnsiGte

separation of both 30 minute and 4 minute floc. A setup where 30
minute floc was separated using gravity by placing the flocs on the shelf
some 4 feet above the plane of the spiral separator was conducted. The
collected effluent was clear compared to that of the waste stream.
Comparisons of separated and collected effluent and waste streams for
both 30 minute and 4 minute flocs shows that collected effluent is
clearer using 30 minute floc. Table 3 summarizes the comparison of
process times for conventional water treatment compared to the

proposed spiral system.
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asynptotic value. The ideal curve should be a flat
line of much lower turbidity (conpared to that of the
waste stream) if all the flocs are renoved by the
spiral separator. This curve shows a small anmount of
tiny floc, below cut-off separation, which gets into
the effluent stream and continue to mature and

' can be perforped fo.optinze
bn rate to resulft in the

depired flat |line behayi [ ddi g [y

exjer i ment sStegy e per f or pe #?3'3??;‘#%% tseﬁﬁggeal,ﬁlg;ﬁeisgr
off both 30 minute and 4| ni AdMe (IER) Alsedin B) 3¢
mpute floc was separatpd using gravity by placing the
flpcs on the shelf sone 4 feet _.above fhe pl ,of the
sH r al se@ﬁ?%i@ixv\as cohduct ed-3The cll I ect‘gggs

effTuent was clear conppred to that of it he waste

sty ERmaculélondsleenaixf | separ 30gsl and ¢ol | ect4d
effl uent and waste strepns for both 30 nmnute and 4

mpute flocs shows that| collected efflfient is clearqr
ufe@hﬁ&nﬁﬁmﬂf@dﬂmﬁoﬁabl e HEuOmari z¢s thel0.0
C ari son of rocess tines for conveitional [
treatnment conpared to the proposed spiral system 15
. Pr ' r S [ i) Ti
(9790, “BBRE, PG, T RERE ot Peicied es rdTseeded
arkd. thsbddedSedsaenart ishoivde paTiaé | suededD caséOrdsulisOi ddwer

Particle concentrations for range of particles sizes
confierdealipns A dsmade pairies sdue J0e eshaRred TREgEGAND with

988 B4Rl | THE soa90 S dBTendls g i o 25

tron wt
3Gwadrapgy; indicatng The aeedgel sizes of fbss isinvediatelpedilerimixing
i th 25- 30umrang; indicating the average size of
isf§topRednmedi ately after mixing is stopped. [0071] By

[omsrm By bEshimid that RTRPH prepétional 16! vBTBne faktien and
that shear induced motion is dominant to sedimentation during mixing,
we can infer that particles will not sediment if tseq > tmix. This gives a

criterion for the largest particle to stay in solution during mixing:

9; |
r =—1 G=aG
2Apg
(6)
where G is the shear rate and Ap is the difference between the particle
and water density. Parameter & is estimated from empirical data in the
time interval between the end of mixing and the first NTU measurement.

The volume fraction is given by:

R(f) 3 2
. 4r” 3r°
p() = | dr——"N()
0 o
(7)
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t hat shear induced notion is dom nant to sedi nentation
during mxing, we can infer that particles will not
sedinent if tsed > tmx. This gives a criterion for
the | argest parti cle to stay in solution during
m xing: t 9r/ G=cyG 2A/3g (6) where Gis the
shear :rate and Ap is the difference between the

iC d t i a e S
[(ﬁﬁ% en%arrtlﬂfé FW% féa ﬂ%@ﬂbﬁ of. tﬁﬂé ﬁ‘?fg HeFrébae%te\%e%é;1 Et;%ies
sedithait, andiisglemivedtdse fir st NTU rreasurerrent. The
volunme fraction is given by: R(r) )Tr3 3r" O(f) _ dr 3
N(r) 3 roa (7)) 16 [0072] ticle size as a
function of time, RR die reéases as particles
sedinent, and is deri c R(t) =aH t (8) [0073]
The correspondl ng particle' density is eg}imted as:
t4 yo 3 1V t"=Vit clt 21r(aH Y (9) [0U74] The
[our ] C"ﬁwébéﬁegbéﬁ&h?%érﬂﬁﬁa g&hsifelsesstimaed as: to
enpirical data int 45 min time interval is
shown in Figuyre 8 ‘ sets,of 4 repeatéd

experi ment onpar i fj_ect ¥ b eé’d artl cles with
a standar efr =T ' rrpargzg i ; cases
agai nst the \"sta dafd e are fewer

smal | particles in the "seeded" cases due to
aggregation with larger particles. The disti{@t peak

[00674] The particle size distributions extracted from fit to empirical
data in the 32-45 min time interval is shown in Figure 8 for two sets of
repeated experiments comparing injection of seed particles with a
standard Jar Test. Comparing the “seeded” cases against the
“standard”, we see that there are fewer small particles in the “seeded”
cases due to aggregation with larger particles. The distinct peak of
“seeded” cases at 25 pum indicates the nominal size of particles at the
end of mixing. The right graph is weighted by multiplying with particle
volume to highlight that most of the particulate matter of the source
water is now captured as larger aggregates.

[0075] The presently described embodiments result in at least the
following advantages:

[0076] X In-line coagulation, flocculation, and separation water
treatment system without flocculation and sedimentation basins and
much reduced process time

[0077] X Injection of mature floc to seed and accelerate particle
aggregation for floc formation

[0078] X Mature floc may be prepared off-line and injected into the
buffer tank on demand

[0079] X More mature floc may also be re-circulated from

downstream for injection into the buffer tank as needed

17



"seeded" cases at 25 mindicates the nom nal size of
particles at the end of mxing. The right graph is

wei ghted by multiplying with particle volune to

hi ghl i ght that nost of the particulate matter of the
source water is now captured as |arger aggregates.

[ 0075] The presently descri bed enbodi nents result in

' '« [0076] X In-1|
(GBaIcr s Neeqdlo PrbqUeraReanbalithes LODTN o er "
[608At MEXt NoY SdfdRivhahoptimblRf cog@iphisntard power for seed

sedinmentati on basins and nuch reduced process tine
r¢a@yery X Injection of nmature floc to seed and

lerate particle ggregatjon for fl far i 0
(568 % FiebGhla eelyordipldfards srfSst Byl s0%
redU @RISR ddduidhedodatid er tank on demand [0079] X More

mature floc may al so be re-circulated from downstream
[6083]i njXcBeedingisoalsbercbheNardrfor atireraapplicadionsitp jomdenate
X No Qeed to recover seed particles [0081] X No
aggwaai®al punpi ng equi pnent or power for seed
[d6EAY ey wif B2 hpsréQatd it ssrsdal of thatdddveldigelosed and

of f “'set by up to 50% reduction in coagul ant dosaé:]e_
of esiElatiureSeand rfynctions s or radlesnatives dhereofemay be desirably

Licati t I { ti |t
gy abatnary AT Bfrgnt FUHHE odeehiditng. Ak fhat
valbas fgﬁréslémy an@infereseiens, oor ahbﬁfiﬁiﬁbietﬁ_s tatereatives,

may be desirably conbined into many other different

ificationss v@siationst 9o HBProvesaertsathergiar Maysbe sihssauently

or r ti.Ci ed.a aLiVve :
miadle” {2 GBS Rs SKORR if B G WHiEHSate Wiso, ntended to  be
ehCompassad &yt the folfedindyldimese skilled in the art

which are also intended to be enconpassed by the
foll owi ng clai ns.
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18 ains: 1. A systemfor treatnent of water, the
system conprising: an inlet operative to receive
source water having particles therein; a m xer
operative to m x the source water wi th coagul ant and
alkalinity material; a buffer tank operative to
recei ve an output of the m xer and receive mature

. Wherein the mature floc is operative to pronote
aggregation of particles in the source water; a
spiral separator operative to segregate contents of

t he ' r having
1aggr ggusf' a{sg%nggr:‘{fle%%%rﬂtoﬁﬁe{et?ﬁ ?ﬁ%%lggeﬁé%rﬁf) T@bsbper ative
to ﬁa]g\hhléEgperfaitiwetto peddivé sourtceavatef haeing panicles trereing

pat or the, waste ter having aggregated particles

D% The sy 8UBIKEADPERIMe 1 FIX {16 SQHFHeI Wk, With cppguiant and
amaﬁﬁi'iy hﬁﬁ&iaﬁf’i ral mxer. 3. A nethod for treatnent of

wat er’, t

e nethod conprising: receiving source water
havi agyftarttank epetativecionreceivedam guéputaifithe tpixeo apdtreceive

i e R o SRS Bt S BBlregtion o
phARISIHItAE shBf wafsh the coagulant material, the

mature floc pronoting aggregation of the particles in
t he scspitad sepamtor aperativegarsadragateheonieniscel thet luffer tank

S BB e o el SR Sutifhd By AL R ane,
wher ghibputlBEop&REive td Plovide SifirsBpathSepthetfflognt 4%d a second
path for the waste water having aggregated particles.

2. The system as set forth in claim 1 wherein the mixer is a spiral mixer.

3. A method for treatment of water, the method comprising:

receiving source water having particles therein;

adding alkalinity to set water pH;

mixing the source water with coagulant material;

injecting mature floc into the mixture of the source water and the
coagulant material, the mature floc promoting aggregation of the particles in
the source water; and,

separating the source water into effluent and waste water having

aggregated particles.

4, The method as set forth in claim 3 wherein the separating is spiral

separating.

19





