PLATFORM TECHNOLOGY FOR | NDUSTRI AL SEPARATI ONS [ 0001]
Conventi onal nacro-scal e separation nethods include
floatation, sedinentation, centrifugation, and
filtration. More recent devel opnents in mcrofluidics
i nclude the use of mcro-scale nulti-physics forces
for separation and enrichment. Provided is a nmethod
and systemfor treating a fluid stream [0002] Figure
1is a spiral mxer-conditioner; [0003] Figure 2
I |1 usPLATESRMEECHNOLOGYOFOR INDUSTRIAMBERARATIONS
device of Figure 1. [0004] Figure 3 depicts the
transverse velocity vectors of flow w thin the devi ce
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[0006] Figure 5 is a characteristic curve for aggregation size as a

function of time within a spiral mixer-conditioner;

[0007] Figure 6 is a process schematic for raw seawater or brackish
water treatment;

[0008] Figure 7 is a schematic for an alternative arrangement of raw
seawater or brackish water treatment;

[0009] Figure 8 is a schematic for creating hydroxide precipitates from
concentrated brine;

[0010] Figure 9 is a schematic for a two-stage precipitation and
separation followed by coagulation, flocculation and separation of all other
suspensions from seawater or brackish water;

[0011] Figure 10 is a schematic for coagulation, flocculation and
separation of suspended organics from seawater for membrane distillation
(MD);



-1 [0012] Figure 11 is a schematic for a two-stage

separation of coarse particles foll owed by

coagul ation, flocculation and separation of fine

particles into mediumfine tails (e.g., tailing pond

water); [0013] Figure 12 is a schematic for

preci pitation, aggregation and separation of dival ent

netal ions fromproduce water; [0014] Figure 13 is a

schematic to pre-treat raw seawater or brackish water
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16 is a system enpl oying an arrangenent of Figure 15;
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I gure I's a schematic for two-stage separation of
[08r1di es Eigurat €3 ;is [c0B2DEmMRitiguloepledtreat dawcseamates drobrackish

i d . of val di. i
whtklspatecll sdmbueaisheations Wil Soerisfr i tisian: ooy
[0dY5] st Biddrez®d ii9na ssehieaiatid BI2ddmbvgluse si8pended organic in

schematic for wastewater treatnment; and [0022] Figure
maiter;s a schematic for wastewater treatment. [0023]
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Wg\@g’re fluid streamregine is designed for high

[0020] Figure 19 is a schematic for aggregation and recovery of volume
dispersed TiO2 nanoparticles used in an advanced oxidation technology UV
sterilization system;

[0021] Figure 20 is a schematic for wastewater treatment; and

[0022] Figure 21 is a schematic for wastewater treatment.

[0023] Previous spiral mixers allow turbulent mixing of a chemical
injected into a flow stream just ahead of a 90 degree turn at the mixer inlet
and throughout the spiral channels of the mixer. In spiral mixer-conditioner
100 of Figure 1, aggregate conditioning capabilities are added to that mixer.
[0024] In Figure 1, mixing takes place in the first two turns 102, 104 of
spiral mixer-conditioner 100 where fluid stream regime is designed for high
Dean number (i.e., at or above the critical number of 150) operation. In this
regime, transverse fluid flows within the channels cannot reach a force

equilibrium so particle (particulate) suspensions continue a helical swirl
2.



Dean nunber (i.e., at or above the critical nunber of
150) operation. In this regine, transverse fluid
flows within the channels cannot reach a force
equilibriumso particle (particul ate) suspensions
continue a helical swirl -2 across the channel
cross-section. Enhancement to previously described
spiral mixers include fluid flow in the channels
corresponding to turns 106- 112, attain an
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eed or ve ocity o wis identifired w
Therflowar sfreameenters spiral mixer-conditioner 100 at inlet 114 and exits at

outlet 116. Dashed line outlet 118 is provided to illustrate two or more

outlets may be used.

[0026] Velocity distribution of fluid flow within the channel cross-section
of spiral mixer-conditioner 100 is depicted in Figure 2 at turn 108, and
Figure 3 represents the transverse velocity vectors for the same channel
cross-section in turn 108.

[0027] In Figure 2, the image is a cross section view 200 of flow velocity
occurring within the square channel at turn 108 on the left-hand side of the
channel. The speed or velocity of the flow is identified with darker image
202 representing high velocity, and brighter image 204 representing lower

or almost zero velocity. This flow is due to centrifugal force. This image is
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202 representing high velocity, and brighter inmage 204
representing lower or alnost zero velocity. This flow
is due to centrifugal force. This inage is -3 taken
fromthe |l eft-hand side of the channel, and the
centrifugal forces are noving toward the outer side
of the channel. [0028] In Figure 3, transverse
vel ocity vectors for the sane flow are illustrated
300, representing a design where neutrally buoyant
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magni t ude of the transverse velocity. t he
to that, particles continue to move around without bemg in equuhbrlum Itis
only after the third turn (i.e., from the third turn to the sixth turn) that the
forces within the channel enter a state of force equilibrium allowing the
particles in the flow to move closer to one side wall and enter a stagnation
state within the flow path. While the flow looks much the same throughout
the spiral, a difference is the magnitude of the transverse velocity. In the
first two turns the transverse velocity is very high, then as the flow spirals
out the radius of curvature increases, which results in the dropping of
forces allowing the flow to enter a steady state laminar regime where shear

stress is employed for conditioning of the particles within the flow.
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first two turns the transverse velocity is very high,
then as the flow spirals out the radius of curvature

i ncreases, which results in the dropping of forces
allowing the flowto enter a steady state | am nar

regi me where shear stress is enployed for

conditioning of the particles within the flow -4

[0031] Centrifugal force drops in turns 106-112,

creating a force balance. Transverse flow vectors are
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equilibrium. The number of mixing turns in this chaotic state may vary, so

the spiral mixer may include 3, 4 or more mixing turns as long as the flow in
those turns is above the critical Dean number (i.e., at or greater than 150).
Turns 106-112 of spiral mixer conditioner 100 are designed to achieve a
required shear rate. The shear rate being selected based, for example, on
the curves of Figure 4, which show that as the shear rate is increased, the
aggregate size of the particles in the flow decrease(i.e., aggregate size is
based on the shear rate). The shear rate is increased by increasing the
velocity of the flow within a chosen channel size. As the shear rate

increases, the particles tend to break up into smaller aggregates.
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required shear rate. The shear rate being selected

based, for exanple, on the curves of Figure 4, which
show that as the shear rate is increased, the

aggregate size of the particles in the flow
decrease(i.e., aggregate size is based on the shear
rate). The shear rate is increased by increasing the
velocity of the flow within a chosen channel size. As
the shear rate increases, the particles tend to break
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106-112. [003 /] Figure 4 shows graph 400, whic
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iAo G RLIRE HoiCTefRLh S chrd BB W & weak

suspension, with the locus of maximum shear rate of each suspension
identified.

[0038] The spiral mixer-conditioner in the present application may be
designed to be useful with aggregates of many different morphologies.
One could have clay particles which are very robust and can sustain a very
high shear rate before fragmenting, or one can use floc which is fluffy and
susceptible to fragmentation under a very low shear rate. It is understood
that these curves therefore, are general curves showing the idea of the
present concepts.

[0039] Examples of shear rates versus particle sizes include a robust
aggregate, such as clay particles that are resilient to high shear forces. An

aggregate size in this range would be a diameter (d) of 5um at a shear rate
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designed to be useful w th aggregates of many

di fferent norphol ogies. One could have clay particles
whi ch are very robust and can sustain a very high

shear rate before fragnmenting, or one can use floc

which is fluffy and susceptible to fragnentation

under a very |low shear rate. It is understood that
these curves therefore, are general curves show ng the

i dea of the present concepts. [0039] Exanples of

o e hd,00atsecondr(geshpar tate).eF el aegealnsuspknsion olmuesaggregate

t I { I t h {
i R oA Cirstiel o, fo-Bn, Byt Sloi @i nint Fpgpoent
uvged bvied shebrafmtes. (Uhe@é VesHR @Us@eﬁé]@ﬁragg?rbgatesfihafle an

g=10, OOO/secondné shear rate). a weak suspensi on,
asgfégabegwéga@ 3”’595@"6??4@ %%@affﬂaé%o(g g00/second.

[Ofblgﬂ rtL eafriﬂllyéow,o'cg%ldg“f t B@tvef rﬁfﬁmﬁlchque%r robust

or ces. ese weak suspension aggrega
surpeaision. Sgyveddilereriresenis genkraly thé dpensadf ma-xnmam shear

rate of g= /seco cans
ra, 56 Pip ST B PhrhariPle, Basiallk i Segre G e el biFR of
robtpt geelidle eamnaredlabyveheuvecyo2 of Ciwe Mon phedtes ratstmilar
for this robust type of particle. Basical I{ no
reag@wga&'@ der tﬂwﬁESP?’ﬂ)%!OBfW'”F omeal F’&EW'P&J elatgerpaggregates

strﬁg‘i’l’ﬂ%cFHf Moy éﬂg?r (HEY @sAbvi] BMItAES t%icLB bﬁfhe cyrve. When

presentati on a suspension wt part
sheargate isgigcerpseskby fncigasingdbe pumpiog \whecity ﬂwtneag@t@gates

wil SR L nd, R R S8 R iE Aifir L RpeRl EGe GRER by
thegeficgriecdf teldurbee®@o Figure 4hearsibeeubbatfoeadyshem design.
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[0[)_9@]41] O@eqtg;n and&fd¢@iguaﬁig)irajfmbq@irmlnditioner 100 is made
DAL B T B LB 10912 o
cdntrol the aggregation rate and size in conformance with the curves shown
in Figure 4. Uncontrolled aggregation leads to rapid growth of very loosely
bound suspensions. Higher shear rates fracture aggregates down to the
size sustainable by van der Waals forces. Upper curve in Figure 4 implies
stronger-aggregated suspensions compared to the lower curve. The
designed shear rate, which controls the aggregate growth and size, results
in dense uniformly-sized suspensions conditioned for efficient downstream
hydrodynamic separation by, for example, a spiral separator.

[0042] This conditioning (aggregation) feature may be extended for the
purposes of:

1. Inducing precipitation or suspension formation from dissolved

materials (e.g. divalent metals to prevent scaling — such as Mg and Ca
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control the aggregation rate and size in confornmance
with the curves shown in Figure 4. Uncontrolled
aggregation |leads to rapid growh of very | oosely
bound suspensions.. Higher shear rates fracture
aggregates down to the size sustainable by van der
Waal s forces. Upper curve in Figure 4 inplies

st ronger - aggr egat ed suspensi ons conpared to the | ower
curve. The designed shear rate, which controls the
aggr énagresipmwant calaiure);ze, results in dense

uni form y-si zed suspensi ons conditioned for efficient
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hi o
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illbb@ate® bharacteristic aggregation size as a function of time as three
sequential time intervals: T1, T2, T3, corresponding to the Impulsive
Growth, Aggregate Size Limited, and Size Roll-off. The typical curve has
three sequential time intervals:

e T1: Impulsive Growth - occurs during rapid mixing in narrow

channels when aggregation is driven by particle concentration
and orthokinetics (convection driven) to increase probability of

collision events;

o T2: Aggregate Size Limited - is limited when fluid shear exceeds

van der Waal force; and

¢ T3: Size Roll-Off - Roll-off of aggregate size due to second-order

effects which may be attributed to chemical depletion,
-8-



illustrates characteristic aggregation size as a
function of tine as three sequential tinme intervals:
T1, T2, T3, corresponding to the Inpulsive G ow h,
Aggregate Size Limted, and Size Roll-off. The typical
curve has three sequential tinme intervals: Ti:
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reach growth ['at eaus, only hol di ng t oget her
caftain u@erparcartaipHmp@@j m@@p@l oaggneaa peeWthalsdlimited by

shaehlﬁ artél Hlérggy ﬂn?n’ﬂg ﬁaféaBO all gggféeq%@ag% gﬁﬁt s ahi¥eihe

a cer ain
plaggiedhére B:‘f avdibe irsll loffriduectoby™ crdeareffeats, sudheaetqhemlcal

[im.tin overal | ate_si z At T3, . after
deplgtienw i i sYRem. SORPAN. Hop—dlng InieTaRtSyaiaphg other
|s§ué§9¢h$oh éé‘ﬁfba@§eQH8'Eg(gﬁ‘égal@esﬂk@ttb%o?ﬂdfhb? dshuch as 10%

system conpaction loc interac anmong ot her
from its T2 state.

[0046] Compaction is when particles press together but do not actually
cling together, and pressing removes water from the aggregates, making
them more compact (e.g., smaller), but does not join separate aggregates
together.

[0047] Floc-floc interaction means the aggregates abrade against each
other and remove some of the particles from either or both of the

aggregates.

The described novel methodology can serve as a platform technology for many

industrial separations, including:

¢ Municipal water treatment — this application will benefit from the

conditioning discussion captured in this invention.
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i ssues which can cause the aggregate size to drop off
by as much as 10% fromits T2 state. [0046]
Conpaction is when particles press together but do not
actually cling together, and pressing renoves water
fromthe aggregates, nmeking themnore conpact (e.g.,
smal l er), but does not join separate aggregates
together. [0047] Floc-floc interaction nmeans the
aggregat es abrade agai nst each other and renpve sone
of t he ipBdawdtesand brackishveatepdesdatinbtiar —tphe-treatment for

aggregates. The descri vel t hodol e
as a pl at FYPHS LUNCRIP §9PB IHEF r‘?"ﬁ?ﬁ’tﬁ’é&% €3 b, 7, 8'and 9)

separ at i ORsd mienMraAé GibtrllatrdW{F‘ g?ﬂrBWO water treatnment -
this application will benefi ro condi ti oni ng

di scussion captured in this invention. -9 Seawater
and br aclfredueget watem edfaq waterofpw-bpelewatasailfwaterfsgparation
reverse 0@_4% d scal ant renoval (Figures 6,

an ne distillation (Figure 10)
Produced wat er - frac wat er, flow back water,
oil/ vvat-erBa;lapawateir ersepéFa’t@xmrcﬁ&rQéniemdndﬁ)herBalspen,stions from

wat er - anj and ot her suspensions
from sea?é? &:n%lﬂfeég?’%i‘daﬁ% 14) Al gae dewatering -
bi of uel s pr oductl on and prior to polished wastewater

di scharegengde BeWwateliBl — BiBfuetd ploduslioBi e prior @ Filieh&@sh
water, palmoil mll "effluent (Figures 17 and 15)

Aggr egat i wastewatarstisaharge GTigwis \he di spersed Ti @2 or
functionalized synthetic particulates (Figure 19)

e Agricultural water — grape wash water, palm oil mill effluent
(Figures 17 and 15)

o Aggregation and recovery of volume dispersed TiO2 or

functionalized synthetic particulates (Figure 19)

o Wastewater treatment — concentrate primary effluent to digester

for increased rate and methane production (Figures 20 and 21)

[0048] Figures 6-21 are exemplary of many diverse applications for this
technology. Other applications will include:

¢ Process water — e.g. cleaning up creamery whey water

¢ Bio fluids — pharmaceutical processing e.g. separation of WBC

from RBC, vaccine fluid clarification

¢ Bio detection — high throughput screening for increased selectivity

and sensitivity
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Wastewater treatnment - concentrate primary effluent to
di gester for increased rate and nethane production
(Figures 20 and 21) [0048] Figures 6-21 are exenplary
of many diverse applications for this technol ogy.

O her applications will include: Process water - e.g.
cl eaning up creanery whey water Bio fluids -
pharmaceuti cal processing e.g. separation of WBC from
RBC, vaccine fluid clarification Bio detection - high
t hr oughpundastrieewatey plinficdtioar-eage8i kaf esdovent y and
sensitivity -10 Industrial water purification - e.g.

Si kerf rgcqver Scal ant re al - power plant
cool i nd, ‘SeATRkrEmaYAL: PPwst BRI Coolids SRANARE Pre-treatment
remedi ation - divalent ion precipitation Petroleum

refini ng GrovindivaRdreemeaRAoALL &valen%hlmé@tgitatmﬁm stry
- chenical processing M ning Food and beverage

[0049] Figure 6 is_a schematic for raw seawater or
br acki sh Rgifdeumpetringernil/ywatesseparatieler se osnosi s
(RO in a desalination configuration wusing chem cal

| gt i : ; | hi gh
quali . SR EnRERaRRal FRCERFONM,” 050

System 600 includes first input filter 602 which may

be a 2-6rinifg | ter sized intake screen for filtering

the raw seawater. Following filter 602, second filter

604 is provided for further filtering and may be a

100pm -gfo&éiﬂar}q P?Veerr?g%i | tered water passes coagul ate

i njection system 606 which injects coagulant of an
[0DdR] OpFigaire BYfre a rschetfaticnddrerawt seawaterher Iloaggishamtater

trf:a@[1 ec&tggﬂa? Etg grﬁztfe;s%g])_sln?os% X(‘}e-'{dO)I ?n SJJ Icfe%lalination configuration
using chemical coagulation. The RO membranes require very high quality
feedwater to operate effectively.

[0050] System 600 includes first input filter 602 which may be a 2-5mm
filter sized intake screen for filtering the raw seawater. Following filter 602,
second filter 604 is provided for further filtering and may be a 100um
screen filter. Filtered water passes coagulate injection system 606 which
injects coagulant of an appropriate type into the water stream. The
coagulant injected water stream is mixed in spiral mixer-conditioner 608.
Output of spiral mixer-conditioner 608 is then moved to aggregation tank
610 where aggregated particles are allowed to grow further such as for
approximately 4 minﬁtes for certain floc. Flow with aggregates are then
moved from aggregation tank 610 to spiral separation device 612 which
includes effluent output 614 (where the aggregates have been removed by
spiral separator 612), and flow is further filtered by insurance filters 616

and is provided as RO feed water 618. Water from a second output of
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Qut put of spiral mxer-conditioner 608 is then noved
to aggregation tank 610 where aggregated particles
are allowed to grow further such as for approxi mately
4 mnutes for certain floc. Flow with aggregates are
then noved from aggregation tank 610 to spiral
~ separation device 612 which includes effluent output
614 (where the aggregates have been renoved by spiral
separator 612), and flowis further filtered by
spinsluseparatdr 612ris @dFidemhdsi wagteosirdamh 820R@ntdeeantains the

wat e 18, Water fro second output of -11 spictal , .
séiaBled ot aBstedates ou T Re IS HaticRutand seckate” B fbut into
SYRBIA60G nidicbe SOARDAEE By Alpumpaepesicited Byaarrew 622t

whi ch raw seawater is input into, system 600 ma

b
(99460 oiSYBLETB,P00 s IPuippeaeraUbtion, TeccNatszoand Geperation
toWrd-FELORS texevatdr, 'dn%eth%g%&?\lvﬁg' &Fhraf;{e%gj%@t ion and
separation to pre-treat eedwat er, and the
f ol | twhggregatersubt-midren organidinorganie partislesifor hydrodynamic

or gani c/ i norgani i cles for hydrodynam c
sepa?ecﬂqr%“or}% %‘I’@Vﬁﬁ%ﬁév‘f%ﬁdmt er; 2) 50% reduction

i n coagul ant dosage with spiral m xer-conditioner

co nmyﬁi%tmd wdtiwndacdagaant detagerwithospital phixer-conditinner

m xin or inutes. followed by 28 mi nutes .and |.o
per | GaPATeH ta BHANAER i (R rosoNb e ARMIKABdBLE indRs
st epfoﬁ&ﬁe@%y%q’hm%%saéﬁd)l&ng%ﬂ%a's forediAshtaRbRE eSS -

m nutes instead of hours; 5) Continuous flow or
intermttent operation with flow controls. [0052]

Fi gud)eNg formal flaegiiiafian step and g pesimepiadipn deededicki sh
water treatnment prior to ROin a desalination

confistiphatsdsl ALY depap;ati on. The

advantage is in situ generation of the coagul ant.
[0053] System 700 is simlar to system 600 of Figure
6. Hoveanrtinuous dowaiinlgraiieshaperatios withdlow gerirols.

coagul ant injection system606 is replaced wth

[@g%gagh@g@gzlcﬁst iaagrécHBHati%O?or Th&" eehivater BP brackish water
treatment prior to RO in a desalination configuration using electro-
coagulation. The advantage is in situ generation of the coagulant.

[0053] System 700 is similar to system 600 of Figure 6. However,
following second filter 604, the coagulant injection system 606 is replaced
with electro-coagulation unit 702. Thereafter the components such as
shown in Figure 6 are used. A further distinction is injection of antiscalant
chlorine 704, following filtering by the insurance filter 616. The rate at
which the raw seawater is input into system 700 may in one embodiment be
controlled by a pump represented by arrow 722.

[0054] System 700 permits on-site chemical generation, much lower
volume of sludge, and does not need harsh chemicals. System 700 uses
in-line coagulation, flocculation and separation to pre-treat RO feedwater
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shown in Figure 6 are used. A further distinction is
injection of antiscalant chlorine 704, follow ng
filtering by the insurance filter 616. The rate at

which the raw seawater is input into system 700 nay in
one enbodi nent be controlled by a punp represented by
arrow 722. [0054] System 700 permts on-site chem cal
generation, nuch |lower volunme of sludge, and does not
need harsh chem cals. System 700 uses in-line
withag eledtinoadulationl at i ochhendproepss at incfudes prteet r Edibwing

EO fged\Q,at er -12 with electro-coagul ation. The
CPACEIE YR udes the fol | ow ng characteristics: 1)

El ecly pleefa®obguliafon alibRyehehfEisRl e §ondiatcdenesinged
on-site; 2) Aggregate sub-m cron organic/inorganic
partjicles for hydrodynam c 6 separati oniﬁ'{o clari fayRO i
f eed@9reg8le HBVIVIRTN Of9aINc/NPraae prHictesdes Byrogyramic

spi rgépd}gwtocagmgtpg@mgédwﬁgppar ed to standard jar
test protocol (1.é., rapid m'xing for 2 mnutes
foll owed by slow m xing for 28 m nutes and | ong

per i AB0Pdeduction imspageipphyosage)wikpspie maiker-conditioner

floc ' ' -ati . ;

Faot CopnBarelo SRR lor L GFHTRIG 8, AR MIEGLor 2 Minutes

f | owfotlowed by rstow trexing dpre2&miruriesvandh Idrigope rivmistfon| s.

[ 0055] ,.Fi ﬁé&.e f is a schematic for creating hydroxide
imghtatiop

pr ect om concentrated brine to prevent
scaling of the RO nenbranes by nmultivalent netals

f r ong YoM fsrned fleedlilatidrestep GAaGlo sadinenalion neededdes
reverse osnosis (RO unit 802 which receives the RO

feedwater and will eventual |y output product water
804. A second output fromRO unit 802 includes a
water stream (with brine) which is injected with

pr ech)Fdstiprdtibse geminulESingtd s ofthouls;ovi si on to spiral
m xXer -

6) Continuous flow or intermittent operation with flow controls.

[0055] Figure 8 is a schematic for creating hydroxide precipitates from
concentrated brine to prevent scaling of the RO membranes by muitivalent
metals from brine concentrate.

[0056] System 800 includes reverse osmosis (RO) unit 802 which
receives the RO feedwater and will eventually output product water 804. A
second output from RO unit 802 includes a water stream (with brine) which
is injected with precipitating agent 806 prior to provision to spiral mixer-
conditioner 808. The stream enters aggregation tank 801 to allow for
precipitate growth. Once sufficient growth has taken place, the stream is
provided to spiral separator 812 which performs spiral separation for
separating out the precipitates. Effluent output 814 (with precipitate

removed) may optionally be recirculated back in recirculate brine loop 816,
-13 -



condi ti oner 808. The stream enters aggregation tank

801 to allow for precipitate gromh. Once sufficient

growt h has taken place, the streamis provided to

spiral separator 812 which perforns spiral separation

for separating out the precipitates. Effluent output

814 (with precipitate renoved) may optionally be

recircul ated back in recirculate brine | oop 816, ~-13

to RO unit 802. The second output from spiral
tosR@aLAIto80312The seinel ostputaimoBl8pinalvseparator 812 is waste

st f%gﬁlt 8; @\elﬁxgsggqeﬁlégqjgﬁghﬁglr% tng%ﬁEenga }eeerd {N%ter is
ing@Nirte! $ydeMy 860 AHEY in SRE ASARPO@hdN 17 IcCOWtdAEd KPS PLimp
i
he syst'em provides formation of precipitates (e.qg.,

reﬁﬁ@ﬂ%ﬁ@@u‘ﬁy ayew $20de) and their separation from brine
L e o e

hyniraxlldeyshamtteenr $hparatione $omM nbtinel esornidemtifade | dwiimgy an RO
caract ristics: % PreC| |tate dival ent/t

| .
PrRgeEs. | DS PSceRs db syt dar aemsing sivai@al flstahions
from tﬁéél@sh valepayheWrbbesPinchlddd therfollewindcharat®ristics:

floccul ation step and no sedi nentati on needed; 4)
Fastl) fireeipiate- dwﬁiemtﬁ@vgl@at mets iqAsfar Bydrodynamistsepgeation;
flowor intermttent operation with flow controls.

[ OO%IRe%L&HBﬁ.@cgeoﬁh%%gawm dififal hesrSt age

precipitation and separation of carbonate and

hydr oxi de precipitates foll owed by coagul ation

f1 0c Neaformal flegeylatiepaten pad nefsedimerdaiien needesinsi ons
fromseawater or brackish water. [0059] System 900

i ncl4zqtea§t Pﬁgggsfidnttﬁ@l 8% of"}ﬂin%gés' n one enbodi nent

ter wt m si zed oOpeni ngs, for
renmoving |arge particulates prior to the stream being
i npd) Gantihbieds flow agéntepnittant epgration vithdlow cadi@ls t he
first-stage spiral separation wll separate out

[065§fi pﬁg@r@% igfa @cﬁérﬁﬁtié'f&%-stage precipitation and separation
of carbonate and hydroxide precipitates followed by coagulation,
flocculation, and separation of all other suspensions from seawater or
brackish water.

[0059] System 900 includes input filter 902, which in one embodiment
may be a filter with 100um-sized openings, for removing large particulates
prior to the stream being input to first-stage spiral separator 904, where the
first-stage spiral separation will separate out precipitates of a size 5-10um.
Effluent output 906 carries the fluid stream which has precipitated material
below 5 10um removed and is injected with a coagulant by a coagulant
injection device 908. The stream is then provided to spiral mixer-
conditioner 910 and aggregation tank 912 similar to Figures 6-7 to address

particulates or aggregates below 5um in diameter. The second output from
-14 - '



Ef fl uent output 906 carries the fluid stream which has
precipitated material below 5 10mrenoved and is
injected with a coagul ant by a coagul ant injection
device 908. The streamis then provided to spira

m xer- conditioner 910 and aggregation tank 912
simlar to Figures 6-7 to address particul ates or
aggregates below 5min dianeter. The second out put
from -14 the first-stage spiral separator 904

ther mstd;mg@rsepmbpisbpaeatomqmﬁ pedvddesTipeecipdate attpahiatt. The

el b8 ol i, Mty et R B " one
ebbakhEtdbe EORGOIedBY RUbUM Q@b%n@é@by@irdva@wﬂ i's
sent to second-stage spira arator 916 for spiral

(09604 aﬂ%nubfrowaggtagﬁémnata@b % ie§ankdo ss&aehéiage spiral
t

oA e, SR 23T P oL I RO R b seconc

stagé apidalt Isepaeaionom& iooludes fiestt efflusnt eamp92291q ogbith is

o30SR SRR bl L vt waste

ste@agwoat i on, floccul ation, separation to pre- treat RO
f eedwat er . The process includes the follown

[0064] actTbei systes! uspsRANP dstagepact(iomnital ﬁpﬁeﬁﬁiepaf%téon for
plje% gﬁ% ]rgemléﬂgﬁl ﬁoaglgeco%%%léﬁgb?glﬁg@ul HBn MsEpRfhtion to pre-

ani c/1norg C partic ynamc
treaatplaf)afeedwatter cThe pfoceR® mebldwattbe folywibQiushagacteristics:

compan P S ereteg P e prBi Bl TP Erod o o

mxing for 2 mnutes rapid mx followed by slow

m XiZ)QAgjg?égéi& stibAuicesn aryaniagingrgemic paiticles for hydrodynamic
sedi nentation) ; EPN? for mal floccul ation step and no
sediSAPRFatiandA Garify eefWatelat process - minutes

i nstead of days; 6) Cont| nuous flow or intermttent

operHt509n rédddfiohliPBos@NARIddBage with spiral mixer-conditioner
compared to standard jar test protocol (i.e., rapid mixing for 2 minutes
rapid mix followed by slow mixing for 28 minutes and long periods for

sedimentation) ;

4) No formal flocculation step and no sedimentation needed,
5) Fast process — minutes instead of days;

6) Continuous flow or intermittent operation with flow controls.

[0062] Figure 10 is a schematic for coagulation, flocculation, and
separation of suspended organics from seawater to provide clarified
feedwater for membrane distillation (MD). MD uses waste heat at much

lower temperatures than thermal distillation.
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[0062] Figure 10 is a schematic for coagul ation,

floccul ation, and separation of suspended organics
fromseawater to provide clarified feedwater for
menbrane distillation (MD). MD uses waste heat at mnuch

| ower tenperatures than thermal distillation. -15

[ 0063] System 1000 includes a two filter input for raw
seawater wherein first filter 1002 has a 2 - 5mm

filter screen and second filter 1004 has a 100pm
[00i6I3] er Siystemrﬂ OODhmcftjdeBen Movﬁateerlnpuir formaivss pawated echerein

0P ot B, s 3,8 S LB oA SRR -

106)94 ﬁn&VIsé%erﬁffTh@rmtéevbahwawr 86ahMS i PIBVIGEd! ® a spiral
optional | ded filter 1010, which supplies

senaramreaogﬁa%%% hamankPem agaragate size wémﬁfd fJuseraration.
Fipdt ﬁﬂlJe?llt &ﬁpﬁ{ a\b@ﬁeﬁ%%déss Wﬁé@hﬁtgegﬁﬂe%fes rQFnoth@ to

out put” seawa rate
optrtmallyl pvm:daijsﬁuttem1m00 whigh i suppfies dittevdd neater Ue MD water

SR e IP o R0 S8 P A gPE R e 1014

forethRr 8@ ulli Sddvdtat. oThe e 4t ABesH rancbed\watedrhie input into
Separati on of particles

follow(yg characteristics: Fri’
systemalP Ak et iaronpembasimep ezaorwliferirmbaspwrwmsented
b)%:HF q Ent operation with flow controls. [0065]

ure 11is a schematic for two-stage separation;
[0f0|6|4§;t dhecsystem ppavidés e pre-tratinent doedndmbrane distillation.
coa?ul ati.on i.on, .and segﬁ%atl on of fine

Thep qqgsggnpwd@ﬁgﬁglf%lg):\wggﬁﬁa rACEESHERi um fine tails

(e. o) Sepdratish GOpEHIVIBS BT daw sddwsterBBWheaHOpM;i S
appl i cabl e to produce water from surface oil

extraction tar sands 0066
.nc|%)d%@tmvpy%ﬂow:_q:szntwfmﬁtﬁnhaﬁer@@%\ﬂ%d %rilrcg%n
filter to filter hydrocyclone overflow water, such

[ooesj f Flgtlﬁ‘éeph wag eérch'eﬁ‘latf?:r fb\"t%dstbgeféép'%traﬁér&gﬁsﬁ BFf lcdbrse

separator 1104. The first-stage spiral

particles then followed by coagulation, tlocculation, and separation of fine
particles in the supernatant into medium fine tails (e.g. tailing pond water).
This application is applicable to produce water from surface oil extraction,
e.g. tar sands.

[0066] System 1100 includes filter 1102 which may be a 100 um screen
filter to filter hydrocyclone overflow water, such that filtered water is
provided to first-stage spiral separator 1104. The first-stage spiral
separator may in one embodiment have a cutoff value for aggregate
separation of 5 - 10um. First fines output 1106 provides a stream with fines
to which coagulation system 1108 injects coagulant. The coagulate-
injected stream is provided to spiral mixer-conditioner 1110 which mixes
and conditions the streams and provides the stream with aggregated fines

to aggregation tank 1112 for up to 4 mins. Second output from first-stage
-16 -



separator may in one enbodi nrent have a cutoff val ue
for aggregate separation of 5 - 10pm First fines
out put 1106 provides a streamwith fines to which
coagul ation system 1108 i njects coagul ant. The
coagul ate- injected streamis provided to spiral
m xer-condi tioner 1110 which m xes and conditions the
streans and provides the streamw th aggregated fines
to aggregation tank 1112 for up to 4 m ns. Second
spitdl pse¢pdraton fll04t pividpes a Watepistedans epidh acearsgé1tdls 1114,

ides a water s a th coarse tai]s 1114,
OBl iic7 carssiantaton! {issnte secdihsrrd snanter 1116
whEld alheS eSEIondOr spifal 6 sephifdter t Beparfesdisdi I a‘emammg floc

separ at or separat es the remaining floc aggrega

aggregptes; &inallyst Htatpuitrrt fiem tee second sl aﬁeparator 1116
pr%@%rs %‘é\r ]%fﬁﬁenpﬁ?YB%§ r%‘ggéd Whtdtedsetddif 1‘1%})2 , Second

reservoir Second ~ out put
ou:tput/rldlés povidies ean coatentraedumatdrenine aall$(MEFFT) .Theheate at
ich the hydroc kone overf.l

whigheind nydroeydiobh: quHoReySts R Mo inB sHEieHt g1do may in

orfeP8fbRdirREnte @oRtiBled bpraepmﬁ%]pbé’se?ﬂé@\w]élr?dw 1124.
[050067 The process includes t ol low n

BZ} acThe ,pgpq:e;;s§ ingludeggha fallewins: <Frtﬁf36ﬁe”|§ﬂ§%| pi t ates

'pgrf". R ay@gs@é@@g;@ se.g.ta%%%gg%egggﬁc“ hafher on cl ay

coagul ant dosage with spiral m xer-conditioner
conpar@gregate sahduictbr clay padiclgsifor separationie. , rapid
mxing for 2 mnutes rapid mx followed by slow

m XI B .

seci ShePaecsRsich e o R dc3age B ) Kitber,conditioner,
sedicverdan¢d torstaaddredar tes} pﬁﬂsd:olmlmcmmd mlxmg fresminutes
i nstead of .days; 6 Conthuostow rmtte
operab iR pldiied B EBPIREIST 2508 ts ol Bgpards for
schegainménth@én)pr eci pi tation, aggregation, and
separation of "di val ent net aI ions from produced water.

Up to 10 barrels of
4) No formal flocculation step and no sedimentation needed;

5) Fast process — minutes instead of days;
6) Continuous flow or intermittent operation with flow controls/

[0068] Figure 12 is a schematic for precipitation, aggregation, and
separation of divalent metal ions from produced water. Up to 10 barrels of
produced water may result from 1 barrel of oil extracted from the ground.
Transport costs for moving produced water away from the drilling site for
evaporation and subsequent replacement with fresh water are prohibitive.
The process illustrated in Figure 12 allows on-site treatment and can be
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produced water may result from1l barrel of oil
extracted fromthe ground. Transport costs for noving

produced water away fromthe drilling site for
evaporation and subsequent replacenent with fresh
water are prohibitive. The process illustrated in

Figure 12 allows on-site treatnment and can be -17
further enhanced to produce high water quality
supernatant suitable for re- injection and steam

fugitiee lenthiadbed [tBQﬁediucfa'ﬁig?nwh?é}quaﬁiy stiperiiatast suitahle for re-
filter I%ﬁOZ whi ¢ 'Z’ enbodi ed as 100pm filter
inigctioprAnhsieRMm 8@%?% Nand filters a stream of Raw

[0069§uCe %eﬂzwl mwdiest a8t 1iRpBEtMEbrW1Rb2C it May be
hydri oxi 2) mechani sm 1204. Thi s water

embodiad a% ﬂéoumj fdtﬁreem:r@q mh)@ receives/ane fltetsoa sheaq) of Raw
PIRIEET AR, WAL i i MR lyiRoca BT B Rle RES(OH).)

with Qmé@hagﬁsn(ﬁ ekB04i. ohhisrvoates stregnt mthpnmtt&rbCaﬁ@hieslslmovided
r oxi de i pitates.
QR st Bt JEOBa i i 0 TRt fband Aasses it to
re(a'éﬁgﬁﬁﬂank' f2081f6€ Fﬁfbﬂ%l?rﬁ IMiHte 0T eaRtioAeprdedssing to

streamis then sent to second spiral m xer-
progudet magaesium 2hygdiexige; 1(Ml§0h'|)zée§fe¢d@:'ﬁ%ﬂe§i ondteraager, the

wgfﬁéterpénﬁ%%rﬂe@r ﬁ?é&bﬁ%ltﬁa?ottai‘é‘l%n}%]ﬁbé rc%i()nﬁi &|¥ection

recipl e cal cium car
syEtemed2 t@r Tmmprqm:eph stagard |fsltban|®r1mrt0\,s&waidt$pleal mixer-

e Sl TR S LR Rors BRI G e R Raon
taRKt 132'14 #8@@ppfdx:ﬁlﬁféw€brhﬁ nﬂﬁu&i el pretipitast cd%ﬂﬁﬁ%ﬂbonate
on the reaction rates, the first reaction tank in

(GaGRele Theregjtenothenrrecinitased ow is|provisied te aspiral separator
1?{6’%.&? paldis AL BhE LAu F10hESk biIBHAlind2 318,

provi some ow as fee
arpﬁbfprbzq.ﬁtat@s bbtputlmﬁx Ibshotild bepoirited audrtkatidegending on

PSSOl e S RBh PR P S md ROE ve
nddedshpj.tates to

[0070] In an embodiment, the precipitate flow coming from tank 1214
may provide some of the flow as feedback via feedback path 1222 to the
input of the reaction tank 1208 where the injection occurs after spiral mixing
in the first spiral mixer 1206. This feedback introduces precipitates to
“seed” and grow larger aggregates of precipitates.

[0071] In an embodiment, the flow coming from the precipitation tank
1214 could be coagulated by injecting ferric chloride (FeCl3) via injection
mechanism 1224 and then a third spiral mixer-conditioner 1226 mixes and
conditions the further injected flow. Thereafter from spiral mixer-
conditioner 1226, the flow stream could be put into an aggregation tank

1228 for further growth prior to being provided to splral separator 1216.
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"seed" and grow | arger aggregates of precipitates.

[0071] In an enbodi nent, the flow com ng fromthe

precipitation tank 1214 could be coagul ated by

injecting ferric chloride (Fed 3) via injection

mechani sm 1224 and then a third spiral

m xer-condi tioner 1226 m xes and conditions the

further injected flow. Thereafter from spiral mixer-

condi tioner 1226, the flow stream could be put into an
Thggategat whiich mé(raviitﬁ‘adﬁm V\falet Freinput ontohsystemr 12@0 may in

G A e {0 o o5
00729 Mryel %st&ﬂ%@ﬂmd@ﬂiedﬁﬁta}wﬁ rRJgregation an@bﬂ@aratlon

represent arrow 1230 [0072] The system us
off produee prater ptiOt sememe diyglasiatonsn ahte gag&ea%.*aﬁludsﬁ the

fob ghg\gtﬁgén#ﬁﬁrenpve dival ent ions. The process

I ncl of'l owi ng characteristics: 1)

Pr ecl)®Preeipitateagagsesiomhydiraxide M@ HpAY caleiine gaionate
carb (CaC3B); 2) No formal flocculation step and
no s tation needed; 3) Fast process; 4)
Continuous flow or intermttent operation with flow

cont2)alis for2Ps¢cufativnrsted and hosetirhentation nkededti r ect
rermval of suspended organic nmatter in seawater and

@g_g he seawater (waste) stream back into the
sour IS PRISEEP: not to disrupt ecol ogy (which will
still need a sterilization step). [0074] System 1300

i ncl Aydesntintipus fibiv drefteffitRANopS@B oMMt ioVayorifISN
apprOX| mat el y 50-100pm screen filter to recel ve t he

100 R} o1 FEbKRrEH ir 2 pobameasic Toeoueal Tamoveh of Hianancierpiganic
ARy Ot e i
sapcednadrder Inadrtoldesipdrecaloey (wbich will still need a sterilization
step).

[0074] System 1300 includes input filter screen 1302 which may be an
approximately 50-100um screen filter to receive the input seawater. The
filtered seawater is provided to spiral separator 1304 for separating out
particulates remaining in the filtered flow of seawater. Effluent output 1308
of spiral separator 1304 is provided to optional filter 1308 and then to
ballast water tank 1310. Waste output 1312 from spiral separator 1304 is
waste seawater 1314. The rate at which the Input seawater is input into
system 1300 may in one embodiment be controlled by a pump represented
by arrow 1316.

[0075] This system provides ballast water treatment using cut-off size
separation techniques. The process includes the following characteristics:

1) High throughput, continuous flow separation;
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bal | ast water tank 1310. Waste output 1312 from spiral
separator 1304 is waste seawater 1314. The rate at

whi ch the Input seawater is input into system 1300

may i n one enbodi ment be controlled by a punp
represented by arrow 1316. [0075] This system

provi des bal |l ast water treatnent using cut-off size
separation techni ques. The process includes the

foll owi ng characteristics: 1) High throughput,

cont 2)rRedced dogging af apliana) filter repultteg ircleds fleqygntradkiflush

ikt s iy b et BB o R Fibare ¥ ="

in-take port; 3) Waste streamdirectly dunped w t hout
t r ea3)yiabteadtream taketlypdurhped MRFE trédtmeneatlid-take port.
schematic to pre-treat raw i nput seawat er or brackish

r re e. nost us d sol,jds, before
(BT Frarl 8RR B eae R8-vaat S It sepuater or
bradRishh waitéd t@trlehio\/@aeqebsa Sispendedatoltds Yebdre prds¥hiify the
System 1400 includes first input filter 1402 to filter

clpﬁbafﬂ@@émf@ ballastfanks (whish wilhiliapdya sariiealien siep)-
f| I p@ggféﬁ?'ﬁhoﬁsinéluﬁgs S |HE}J{ fllltére’f 051 fifeér 'Pgm Seawater.

streamis then in ed with a coagulant via
Inipat &iter 402 meayhbeiesnbddiod i m Dhe empedmtfamwﬁos1 @hgm filter

r0VI tQ, Spir m xer- condition 14 ieh. . . ..
s@kgBus this iterP aireath K thert MlECEHONT o 4580 WEhf Vigyiniection
mb@ﬁhnéﬁﬂ&tfmf aﬁlﬁietllnjbb@éd flawe igr v .préidpdt td repival mixer-

ggregati on tank provided to spiral separator

coitionan D6 uhisouiush the Raixgqsepdtionsefw 16 3garegation
tai\ﬁoﬂf(ﬁ i éd?ilt"f’o |fRset gr%mﬁhz%ﬁl‘f%l@fﬂfom bgke%’fmonofétn‘kuhw is

412 from splr separ at or IS an ent stream
provildditad spicalogeparatdr 1410 wthiicty sepaxsianiosintna bggregated floc

i de [ ] k . .
afieSifindote of Spell ol Fue s etk Al °T4TE fHfhCitbira
sepiaretderMﬁJeawafa@lf effll6st réﬂf@rﬁt pﬁbvlﬁbdt h@ Iobﬁuhal filtering

seawat er i s input into system

meghausie At 1bePrayided tq ballast ‘ﬁamﬁﬁnkéﬁﬂ@seﬁh%&e@nd output
fro’ Prat&eDarator 1410 is waste output 1418 which is output seawater.

The rate at which the input seawater is input into system 1400 may in one
embodiment be controlled by a pump represented by arrow 1420.
[0078] The process includes the following characteristics:

1) Aggregate sub-micron organic/inorganic particles for separation;

2) 50% reduction in coagulant dosage with spiral mixer-conditioner
compared to standard jar test protocol (i.e., rapid mixing for 2 minutes
followed by slow mixing for 28 minutes and long periods for

sedimentation);
3) No formal flocculation step and no sedimentation needed.
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[0078] The process includes the follow ng

characteristics: 1) Aggregate sub-m cron

organi c/inorganic particles for separation; 2) 50%

reduction in coagul ant dosage with spiral

m xer - conditi oner conpared to standard jar test

_protocol (i.e., rapid mxing for 2 mnutes followed

by slow m xing for 28 mnutes and | ong periods for

sedi nentation); 3) No formal flocculation step and no

[M]mrﬁtgﬂﬂeorﬂthe‘sdad scheﬁﬂtipom]alga@udewat'ering dor bio-fuel
f.or bio-fue

8f‘r gﬁeg?@&gs?&gkc'aé\'h&a%‘? 2197 PRURESh “ﬁst%d’f’?‘?ﬁe‘?f for to

sM\ﬂéé@ ABEIRdrgR! | OAlgiae tyicdIRC Grélvs i il - difitéagoncentrations.
typically growin very dilute concentrations.

Deuiiedng.ngr r@*vﬁf%ﬁqdn@eraﬁwnﬂeW@Wrng‘sV\’é(anHYI gchieved by
ﬁ(tpllft?iétlo\ﬁ aﬁlﬁgﬁgﬁd ok?yﬂ £5066]1 TRy g%tloﬁ st ERAEIY intBhsive,
on ntensi ve,

ntrifug |on IS ener
filtiationaisi lighi is mnagﬂenancml m@rﬁlaataiqorarsdsrd\noandt ieguines large
sI ow and requires large |land area. [0080] System 1500
rqczlI '&8es a dual screen i nput for receiving open pond

[OWDQr Systeih 1500LNhcRrieeeNd dai0stragy lrhﬁjtefﬁbﬁéh&ﬂng&‘op@n pond

2-5mm sji ze, whereas second i nput screen 1504 ma%
wattiodi kisstadnrut 190f8eNs 1982 maye bej pmadieded®ra | S0 etize,

wh@rédsr §£ig%r§3@ Wﬁ @q‘j’één@ens?ﬁé‘i %?\f be> Qi di¥d dcis”‘é\ 160/im! size.

out put I'ncludes a ow stream of
Therfdwmed avaler ds gaeve«b toafggt—ema spiralasepdraier 1906 providing

at e aI The second
flsteaiBUt T50ET ph. LB 5 Hal sBr oot FofepifF@l aigae to
?én‘e H€6bh RWkPYE10.50b2 furthat gTBthbeofDﬂ%/la@@degﬂeOnga@naWhe
back path 1514 to the open The oqut put from

Rk QUiPub from Hikstisiage jspirah éﬁpg@ﬁ‘?r 1806 iss effiet Suipid 1512
thgggﬁg% aﬁ@%\/ﬁ&@ﬂ t$53ﬂmr@ngﬂgcﬁgi%?ﬁ 13 S(gthe open pond.
Thatquiputitframuitgggregstion tank hﬂit(bnmthenesentt puta isecond-stage
srg%:{ll %%nglr uég%gg&%ﬁ:g{%\qhghc&kcseontpaqu ag rre%\éked e\gvhtlc% in this
embodiment is algae, is output at output 1518. The alternative output is
effluent output 1520 which also may be provided to optional feedback path
1514 to the open pond. The rate at which the open pond water is input into
system 1500 may in one embodiment be controlled by a pump represented
by arrow 1522.

[0081] The process includes the following characteristics:

1) Separation of algae;

2) two stages with 90:10 split to obtain two orders of magnitude

concentration;

3) Distributed implementation — single setup processes 4 ponds to

maximize dewatering, minimize pumping, and ensure circulation;
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1514 to the open pond. The rate at which the open pond
water is input into system 1500 may in one enbodi nent
be controlled by a punp represented by arrow 1522.
[0081] The process includes the follow ng
characteristics: 1) Separation of algae; 2) two
stages with 90:10 split to obtain two orders of

magni tude concentration; 3) Distributed

i npl enentation - single setup processes 4 ponds to
maxi4)i zast gevedser i ng, mioni m ze punping, and ensure
circulation; -21 4) Fast process; 5) Continuous flow

A ouCHEBE noRifienfolt bRalaB it Pldnaor

system 1500 rmay be inplenented. In particular, system
[0DB2D h&igurg taulis igrl eppligation evherethei strectakes bérsysiesn 01500

e o R R B BRSSPI A€ e8P o

maltRa kY Sl 9500 5 e dMvithin &Sgesdrallp ppOIEEd to four ponds
16@?1808 an efficient collection of tge aggregate P

16021164, #60Pcandr 1R By decating Bustes AU Bhadcentralized

lo%:?@gﬁ)’]ﬁvﬁ‘\ PsBedt éb Sp(%(?é:hl%'@t-ié:?é Un GRGLhEdoR8etion of the
occul ation, ‘and 'Separation of process water ?e.g.

aggregetersisth aatrethe orngotglgaeshawdecaccommplishetdo surf ace

tofgRf " ehitirgn ! n 'S ot aoheTHkTE SPACH ot erHRfoR. and
s 'aiﬁﬁéﬁ‘foff&bcé@@%té'rlggt?._tg}arﬁt WhsRnwatedr bpyrey ?\)7%0%\9 water

C02) [0084] System includes first filter )
Prigivih §urface disgirapnddeoivastp strermmeeataing dhath fhaateria and

e L e T L
tomates andararbon wioxite (CQAJzect ed coagul ant is provided to

[03§|4f al Sglnéf(e% 1]770%6ir\1l<\4?lijgehs iflrgstt wlter 1702 having filter openings of
approximately 2mm. Filter 1702 filters the grey wash water into a stream
that has a coagulant injected via injection mechanism 1704. The stream
with the injected coagulant is provided to spiral mixer 1706 which in turn
moves the coagulant injected and filtered grey wash water to aggregation
tank 1708 for further growth of floc in the stream. Output from aggregation
tank 1708 is provided to spiral separator 1710 where spiral separation
occurs for less than approximately 4 minutes. Output of spiral separator
1710 is via effluent output 1712, and the stream is then provided to optional
filter 1714 and is stored at grey water reservoir 1716. The second output
from spiral separator 1710 is waste output 1718. The rate at which the
grey wash water is input into system 1700 may in one embodiment be

controlled by a pump represented by arrow 1720.
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noves the coagulant injected and filtered grey wash

wat er to aggregation tank 1708 for further growh of
floc in the stream Qutput from aggregation tank 1708
is provided to spiral separator 1710 where spiral
separation occurs for |less than approximtely 4

m nutes. Qutput of spiral separator 1710 is via

ef fl uent output 1712, and the streamis then provided

to optional filter 1714 and is stored at grey water
[aQ8Adr vdihis Bysem Tmevisiesohndlimtqoagula‘tioomfmbuwtion and spiral

rat 1710 is waste output—1718. The. a
sraatghdor Bidolaherfias Wbl T Bregaici-Rids gy fifgling
chae cesrixtids nent be control | ed by a punp represented by
arrow 1720. -22 0085% This system Br ovides in-line

coaghl Ag9reRate subcrigTg |°EH?'H?(H‘°§$§’F% artigiasiPreeRAANYY:

e.g. grape wash water. The process includes the

f ol | py6avg redlidionGh %6h?ﬁlbﬁ§dos@ge‘\0iﬂi §|§i?él¢m§é'|bcd"ﬁo¢ﬁd?iér
organi c/inorganic particles for separation,

r eduedmparedio skgiarainr teifuglecal ¢.1- . Sppidanixing for 2 mmutes
f{on&fw{j 'bS/'s?J‘vF meuﬁg S hir eé%@& ‘?c?l{rgj?érf’d’dsth t
0CO

pro m X1 ng | owed
by s$e:dnmentat|og)for 28 m nutes and | ong periods for
sedimentation); 3) No formal flocculation step and no

sedi tationgnee rpcess.,- mnutes
ot Sae Boriel pRESEStn 5igb anBe FAREERRANERHPES on
operation with flow controls. [0086] Figure 18 is a
schematic for two-stage initial separation: first

stage for renoval of |arger debris, followed by
fl occul tlon separation to produce

DI e Sasess TS Pttt aale S Seharge. The

waste streans can be channel ed to an anaerobic
di ges)t@sntinuons fdwcsr im@iaitten bPei@dn with ffowpcomtasls. may

be suited for process water (e.g. palmoil m'II

[0@@@}] Etlaur\ém “i very rll(%nafl flg)gatr\}\?oestoage lI'IrPltlal separatlon first
stage for removal of larger debris, followed by coagulation, flocculation, and
separation to produce treated water suitable for surface discharge. The
waste streams can be channeled to an anaerobic digester to produce water
and CO,. This process may be suited for process water (e.g. palm oil mill
effluent) with very high abundance of sub-micron debris.

[0087] System 1800 includes input stream filter 1802 which may be a
100um screen used to filter the for screen palm oil mill effluent (POME)
prior to supplying the stream to first-stage spiral separator 1804 where the
first-stage spiral separator separates aggregates 5-10um in size. Effluent
output 1806 from spiral separator 1804 has a coagulant injected via
injection mechanism 1808, prior to the inlet of spiral mixer-conditioner

1810. The output of spiral mixer-conditioner 1810 is provided to
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[0087] System 1800 includes input streamfilter 1802

which may be a 100pm screen used to filter the for

screen palmoil mll effluent (POVE) prior to

supplying the streamto first-stage spiral separator

1804 where the first-stage spiral separator separates

aggregates 5-10pmin size. Effluent output 1806 from

spiral separator 1804 has a coagul ant injected via

i njection nmechani sm 1808, prior to the inlet of spiral
aggmgatmmndiamkonsnz ]IBl(hllO'V\heflﬂ'ﬂ’IQTutgr@ﬁNtbpICIfaIfIOC (e.g., for

SRRSO el ek d S g spia” BT v

watar suti maﬂsw ¥ rBhH§§egatidAGanR 1BURp e bireBms R pralvided to
separator 1804 is waste output 1814. From aggregati gn

second ﬁ@l@l seraratare d S Ps Whesei Hheay %Qpa@&%nep@ﬁt'pw of the
g@ggé@&ﬁ%&%%wﬁﬁrrnsteya%muteg ogmg]em tegtgm 18¥® from

oxl mat e
sitfdl | separatont 186 iIng&rﬁe ovates 1B824| welpwaata)pumm%? The

t t 1 822. . The
ol BE NS T PTG i T $TGERT Gelmpot TP yste 89 By dhyone
enrhBOfinent b@c@rﬁt@oll@b@dl pUEp répresentsdbl edrday 182punp
;gresent ed arrow 1824. L0088] Thi s system operates

1st Ee@ssyscem opgrates twostagessefhinitialodpiral fgparatign; and
e
watelr| dkienprochas amledesthe:&zllow;ng nharaﬂte&&tmr ation of
part

S0 iR o R . scp P BB dp SC2TRFRE G,

to clarify; 3) 50%reduction in coagul ant dosage with
spi rylAgyregate abdhicramerganipfinpryadit particlea fiokeseparation to
test protocol (i.e., rapid mxing for 2 mnutes
foll by slow m xing for 28 m nutes and | ong
periods for sedinmentation); 4) No formal flocculation

st eB) Y, R uEEBh iEBdAIUIAM dbRageWith spiral mixer-conditioner
compared to standard jar test protocol (i.e., rapid mixing for 2 minutes
followed by slow mixing for 28 minutes and long periods for

sedimentation);

4) No formal flocculation step and no sedimentation needed:;
5) Fast process — minutes instead of days;

6) Continuous flow or intermittent operation with flow controls.

[0089] Figure 19 is a schematic for aggregation and recovery of volume
dispersed titanium dioxide (TiO2) nanoparticles used in an advanced
oxidation technology ultraviolet (UV) sterilization system. Photocatalytic

activity of the TiO, in the presence of UV effectively damages cellular
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5) Fast process - minutes instead of days; 6)

Continuous flow or intermttent operation with flow

controls. [0089] Figure 19 is a schematic for

aggregation and recovery of volunme dispersed titanium

di oxi de (Ti OQ2) nanoparticles used in an advanced

oxi dation technology ultraviolet (UV) sterilization

system Photocatalytic activity of the TiO2 in the

presence of UV effectively damages cellular -24
mesrtiraaeesThishsa nenachwnicahai‘hemahvalfoesteatlnzaﬁon @nd is most

teriljizati,on a i S . effectlvefor v
efodlye: ot Blsnstsdh 02 ranmitreictd, Shmidit g ghem onto
suredderc 6f flolv Ebﬁ@mf@mihlétr%noTerti&Wawrstnhﬂl ¢§pidadly 25 nm)
smal |l (typicall nm and recovery is through

and r%qoa/ﬁ%ﬁs thmw%flltgatl%d\fh'%§ labgoigs- Syst em 1900
[d@@l“dégs{énﬁ Slfgob”i HFudfe's dﬁ rﬁﬁﬂ%lt‘é‘?'@@ﬁ”ﬂ)‘n d@ﬁm%?%m 00um

reen, con gure reen parti cu ates ' from
mpnpacremscenﬁ@:red tomeem |p|artanéate5rfmm inpgt wasker water. The

B0 R R G558 15850 EBRTS T, Agproec

OkidatioATreafiRdnt O PHsypstenst 04 mﬂiﬁprsﬁdjaMﬁtrURﬂAOT 1904 is
mechani sm 1906 prior to thelgql sted . flow ag\% .
phasiysied made pwr%muwwrt BRI BN LI06 98T tRdhe Agjusted

ISR @nd &bowgmo szgiaﬂ %.xa}-ésr.dmeﬁer ﬂgeaerpoh%%% tti‘ﬂ@ nfiki®y by

I's provid gregation tan
spiradwoikentontidongyd 8981 ke fhow ds pggpwd@m@@ggmgat:on tank 1910

R SHRAELI 87l ARl PP L YRt

1910s ap@vedid €6. spirhl weparator p1912l iHerder ahe sepirall separator

separator 1912, wth the aggre es renpved, i hen .
sqpaaied oMt Jigh TiQP 1 RGOTeHaLes o%?éwtoeymt 5917 Haom swiral

séﬂ%réﬁﬁr’ﬂdﬂ ‘%ﬂtw\ﬁ{eeé%én@%fétésgil&no%a esNAkh Y ss%gltﬂﬁ%ugh filter

fromsp |ra separ at 12 is recovered

1 %@nforbﬁwk outpit oft the Howt t@nsf@smzedmatnr éank k91892 Altgrnative

ot P el seBerar (G s e et Tbs b7 e Brsens ack
infyrtieslsystein e TiOtin@ctied mmapmlﬁmﬂrﬁ%&t,&@m}’904 The

arrow 1924
rate at which the input waste water is input into system 1900 may in one

embodiment be controlled by a pump represented by arrow 1924.
[0091] The process includes the following characteristics:
1) Advanced Oxidation Technology

¢ Volume dispersion and recovery of TiO,
e Flow-through UV reactor
2) Spiral Units

¢ Spiral Mixer-Conditioner to mix aggregation agent
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[0091] The process includes the follow ng
characteristics: 1) Advanced Oxi dation Technol ogy
Vol une di spersion and recovery of TiQ2 FI owt hr ough
W reactor 2) Spiral Units Spiral M xer-Conditioner
to m x aggregation agent -25 Spiral Separator to
~recover aggregated TiO2 [0092] Figure 20 is a
schematic for wastewater treatnment where the
suspended organi cs, including bacteria and nutrients,
are re-CiSpitdl Sepdrativatoketovdrlaggpegated ¥i@J ari fier. The
clarified effluent streammy be sterilized and

BB B0 38 8 M TR R BB 50 e

suEpEingedf eFgarsd, ewrll@ding ! batteiat andr AptrRgnit®y are re-circulated
sedi nent atl on and Si gni fi cant%é reduci ng retentjon
g

bagknto Hig Brigaryclarifies. Ebﬁ‘u%ﬂfﬂ filusat stieam geat pesigfjlized
ard Uﬁgﬁtfe'a' G60- sqggc'é'ml h4n§Q93] TI$¥S% HehD 0P dvm?isuqﬁﬁ in-line

I nput | ter y be a pm screen filter
caixggilafisy flacoutatisinyendrsapapation Isysteim dor avastewater Hesatment,

T A T L

thbfbﬁldd?ﬂ;qtumeﬁ fbr digesstionny $luﬂgé nhictd-ergaismen 2002
100pm screen) and t |sf|Iterede0W|stq88pm

[@ﬁpﬂct systam A0 ialudRs Jikat Wit gef R Whigh &pay hf a
b A T
stage& of Fiidd fdefinefluas shidgel 2004 primary clarifier a2fiite gat dtoaters

2085 BR85S B, M9, SRl P2ob2 e . <

100 parsdreen) @ind tHiodildredi flow hie thiehemjectétewithf d:@agulant via
ef fl uent output 2018 is prayided ti.onal

copgpARInMIAGON Pyt 2078r ed hﬁnmﬁ%ﬂif@) dﬁkpr% d {6 spiral
mikest S0Pty t?%?ﬁ@(afﬂbwnlsq rl')(i‘xldeaeﬂf"ra@g?dég@tﬂﬂn6 th8k 2014 for

provi ded vi a 2026 to

further floc growth of the aggregates from the lnput stream. Output from
aggregation tank 2014 is provided to spiral separator 2016 for separation of
floc within the stream. Thereafter, effluent output 2018 is provided to
optional filter 2020 and the flow is stored in clarify tank 2022. Waste output
2024 from spiral separator 2016 is provided via feedback path 2026 to the
input having sludge 2004, primary clarifier 2006 and floaters 2008. The
rate at which the input (2004, 2006, 2008) is input into system 2000 may in
one embodiment be controlled by a pump represented by arrow 2028.
[0100] The process includes the following characteristics:

1) Aggregate sub-micron organic/inorganic particles for separation;

2) 50% reduction in coagulant dosage with spiral mixer-conditioner
compared to standard jar test protocol (rapid mixing for 2 minutes

followed by slow mixing for 28 minutes and long periods for
- 26 -



I nput having sludge 2004, primary clarifier 2006 and
floaters 2008. The rate at which the input (2004,
2006, 2008) is input into system 2000 nay in one
enbodi ment be controlled by a punp represented by
arrow 2028. [0100] The process includes the follow ng
characteristics: 1) Aggregate sub-m cron

organi c/inorganic particles for separation; 2) 50%
reduction in coagul ant dosage with spiral

m xesedimediatiooner conpared to standard jar test
protocol (rapid mxing for 2 mnutes followed by slow
m xi . for - .
sedi@e%{’gérpéﬁ)ﬂ&&%tﬁ)ﬁoﬁggra hglrh%f oc':'lgg attllggrqegﬁg%’ and no
sedi nent ati on needed; 4) Fast process, continuous

f | ovd) [sashiprodesst gontinupus Sawpsmel fodtprint, [ovwepewer jove)
Waste streamrecycled back to primary clarifier.
[01OAFSE§ure 21 is a schematic for wastewater
treatnment where the waste streamis channeled to the

anaef)oviastedstarmih ecytlediyaeitito privrgclariié  and net hane
at a faster rate. [0102] System 2100 is substantially

t a a fem 2000. [ er . nstead of wast
1o Qpuc TRuER 2L gr schRaliaion WANRVELSh HEMRETL Where the
wabteestfeamas 2faARERdtodBs factdBiE digedep\tb Prdice water, CO,
recei ve the waste stream 2024. The concentrati on

ang gvathade gy aifasterdatear ati on i ncreases the rate of
inah OQi I t:]
1919202 5558lem 74861 300G 50 R 2345045 2900, e
in2{ER) of svastpwutputt 204 being PdOTubatedi acknt drb inputestteam,
be ontrol]e .a punp _r.epresent b rrow 21
anzsreB iaBste] &10% 3 Bovtet SBaREENE e Warth g anga. The
concRatiRidh gldvidenby this 8ephgfRneinck@isefriceWaleedf biological
treatnment. The process includes the_follow ng . )
reggtipacand the irgte; of methane generation. The rate at which the input
(2004, 2006, 2008) is input into system 2100 may in one embodiment be
controlled by a pump represented by arrow 2104.
[0103] The system provides concentration of primary treatment effluent
to a digester for wastewater treatment. The process includes the following
characteristics:

1) Aggregate sub-micron organic/inorganic particles for separation;

2) 50% reduction in coagulant dosage with spiral mixer-conditioner
compared to standard jar test protocol (i.e., rapid mixing for 2 minutes
followed by slow mixing for 28 minutes and long periods for

sedimentation);
3) No formal flocculation step and no sedimentation needed;

4) Fast process, continuous flow, small footprint, low power, low
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1) Aggregate sub-mcron organic/inorganic particles
for separation; 2) 50%reduction in coagul ant dosage
with spiral mxer-conditioner conpared to standard
jar test protocol (i.e., rapid mxing for 2 mnutes
foll owed by slow mi xing for 28 m nutes and | ong
periods for sedinentation); 3) No formal flocculation
step and no sedi nentation needed; 4) Fast process,
continuous flow, small footprint, |ow power, |low -27
presprassyre;5) Waste streamis concentrated organi sns
and nutrients to the anaerobic digester. -28 WHAT IS

U1 M afsh B R ko SRR CeY fltpfiepige™ >

f1 ui dnsérobrrdijestan i nput section of the fluid
treatnment system receiving the fluid streamby a
spiral mxer-conditioner positioned in operative
association with the input section, the spiral m xer-
conditioner m xing and conditioning the input stream
receiving the m xed and conditioned fluid streamat a
spiral separator; separating the m xed and
conditioned fluid stream received by the spira
separator into at least two fluid streans, a first
fluid stream having particulates in the input fluid
stream renoved and the second fluid stream having the
particulates in the input fluid stream concentrated;
and outputting the two fluid streans fromthe spira
separ at or
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2. The method according to claim1 further including
determ ning a custom zed shear rate in the spira

m xer-condi tioner, by use of the width of the
channels in the spiral m xer-conditioner and the
velocity of the input streaminto the spiral

m xer-conditioner. 3. A nethod for treating a fluid
streamby a fluid treatnent system conpri sing:
inputting a fluid streamto an i nput section of the

system receiving the fluid stream by
V\&léﬁ;% QLAW&EEI condi ti oner positioned in operative
associ ati4on W Afméfhedi foP Ufre iy & Flid Sir8amPby @l fluld Ratment
conditioner m xing and conditioning the input stream

sysmuoommlsme m xed and conditioned fluid streamat a
spiral  -29 sg éf'i'ﬁsgfra 3P 3fr8hin t%\yl dfe&d’ﬁaﬁ of the fluid

condi ti oned fI ream r ecelve I'ral
trea;nmna!symtemnto at | east one of tvvo flui d streams a

first fluid stream h@l‘,éiﬁﬁ' hatesmlthei g
fluid stream rerBViBa BRqflpies @%'B‘n V¢ 8 PRiral siixgLgpnditioner
pdititned nhepdrativé Wasatifion Wit énd Mt éédﬂbﬁ StHeegpiral mixer-
concentrated; and outputting the two fluid streans

cmﬂ&mntehéngmgr%}d @@whtmm the ippgtrdraamne 1 ow of the
| nput stream 'r@cé {ﬁ&ﬁ?&ﬁa Qg\n lﬁoﬁédﬂ ﬁ{]ldaé?l%\é% L{'§ spiral

critical Dean ream
sepaestonent syst em conprl sing: an input section for

receipt of a fluid,stre ral ,m xer.-.con

posi tioned in SB%rragf‘gveatﬁgsé‘aég%t B \?PPW“?'P}%CF ﬁlﬂat stream
re88ivbd WY the SSiFRi s&patdibr | mtat fiéadt dwot fleid Btrelahs, S|@| firat fluid

m xer - condi tioner including a mxer section and

steegtlihavingeparyediatasnin thesipprh fluidestgam dﬁnwparﬁ;%ﬁ second
fIRPStré AR HYing 8RS UIMEs in the input fluid stream concentrated; and

outputting the two fluid streams from the spiral separator.

2. The method according to claim 1 further including
determining a customized shear rate in the spiral mixer-conditioner, by use of
the width of the channels in the spiral mixer-conditioner and the velocity of the

input stream into the spiral mixer-conditioner.

3. A method for treating a fluid stream by a fluid treatment
system comprising:
inputting a fluid stream to an input section of the fluid
treatment system;
receiving the fluid stream by a spiral mixer-conditioner
positioned in operative association with the input section, the spiral mixer-
conditioner mixing and conditioning the input stream;

receiving the mixed and conditioned fluid stream at a spiral
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association with the spiral mxer-conditioner to

receive the mxed and conditioned fluid stream the

spiral separator including a separation section and

an out put section the output section configured to

out put at |least two streans, one streamwth

particulates fromthe input fluid streamrenoved by

the separation section and a second streamwi th the

particul ates fromthe input fluid stream condensed by
sdpaeategpar at i on section. -30

separating the mixed and conditioned fluid stream received
by the spiral separator into at least one of two fluid streams, a first fluid stream
having particulates in the input fluid stream removed and the second fluid
stream having the particulates in the input fluid stream concentrated; and

outputting the two fluid streams from the spiral separator,
wherein the flow of the input stream in the mixer section is at or above the

critical Dean number of 150.

4. A fluid stream treatment system comprising:

an input section for receipt of a fluid stream;

a spiral mixer-conditioner positioned in operative
association with the input section to receive the input fluid stream, the spiral
mixer-conditioner including a mixer section and a conditioner section;

a spiral separator arrangement positioned in operative
association with the spiral mixer-conditioner to receive the mixed and
conditioned fluid stream, the spiral separator including a separation section and
an output section the output section configured to output at least two streams,
one stream with particulates from the input fluid stream removed by the
separation section and a second stream with the particulates from the input fluid

stream condensed by the separation section.
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