1 WATER TREATMENT PROCESS FIELD OF I NVENTI ON The present invention relates
to a water treatnent process in the nethod of desalination, purification or
decontam nation of water. Mdre particularly but not exclusively it relates
to a method of processing water through a water treatnent plant using this
met hod. BACKGROUND OF THE | NVENTI ON Desal i nation plants for the treatnent of
sea water and/or brackish water and/or lcontam nated water sources are well
known t hroughout the world. In particular, climtic changes have increased
hardships in certain areas due to the non-availability of potable water and
water for agriculture, industry and donestic use. For this reason, snall
increases in the effici enSATERITREATMENT ®@ROCESSrent of water may mnean
that the lives of nany people and/or industries may be altered
beneficially Currently, it is known that sea water (having high total
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i s done by way of qoRVERLIANALesfI Hifigs ft@@kv%ateﬁ{efahha&% ARKS #sipg  sand
filter media or use of" nmenbrane-type filters nade from pol yners.

Conventional wedtlesd tof elbatentions psrifitddoar obdesintdraingeos elft whteg tMokes and the
use of sand filter nedia to filter coagul ated partlcles in the raw i nput
wat er, thus r@ﬁmﬁphglydmsfmtv@@hwelm relyies tpig meghed pk proressiapIvaet ed  as

pr oduct wat er cal | Rever nbrane filters use

pressure (hi gﬁ}étp}ggtfﬂﬁﬁva&éfﬁﬁt@eﬁfglggwﬂ?g?ﬂ P‘t??tl%cg?wat er mol ecul es to pass

t hrough sem - perneabl e nenbranes that do not all ow dissol ved solids

t hrough. Cl ean perneate with few dissolved solids is disinfected into
product wat er BAOMSRQURSBUDE THE N VEYIRONenbr anes (BWRO) are 2

Desalination plants for the treatment of sea water and/or brackish
watet and/ot contaminated water sources are well known throughout the
wotld. In particulat, climatic changes have increased hardships in certain
areas due to the non-availability of potable watet and water for agriculture,
industry and domestic use. For this reason, small increases in the
efficiency of desalination or treatment of water may mean that the lives of
many people and/or industries may be altered beneficially.

Currently, it is known that sea water (having high total dissolved
solids, [TDS]) and brackish water (having low TDS) can have their
dissolved solids removed. The treatment and removal of the dissolved
solids is done by way of conventional settling tanks, settling tanks using
sand filter media or use of membrane-type filters made from polymers.

Conventional water treatment uses filter beds, large settling tanks
and the use of sand filter media to filter coagulated patticles in the raw
input water, thus removing dissolved solids. The filtrate is then collected
as product water. Typically, Reverse Osmosis (RO) membrane filters use
pressure (higher than osmotic pressure) to fotce water molecules to pass
through semi-permeable membranes that do not allow dissolved solids
through. Clean permeate with few dissolved solids is disinfected into

product water. Lower pressure operating RO membranes (BWRO) ate



typically used in brackish (having a | ow TDS) water treatnent and higher
pressure RO nenbranes (SWRO) are used to treat sea water (having a high
TDS). The type of water which is to be treated in a treatnment process (i.e.
whether it is of a high TDS or a low TDS) will play an inportant part in
the choi ce of menbranes used for a typical reverse osnosis treatnent
facility. Currently, seawater RO nenbranes w dely used to treat high TDS

i nput water do not afford efficient water recovery when the input water has
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i nput wat er af¥o |"OW wat'er recover I npu er “hi gh TDS.
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process and nethod of treatnment of water at overcones or at | east
anel i orates sédmditpf the above nentioned disadvantages or which at | east

provi des the public with a useful_ choice. SUWARY OF THE | NVENTI In a
first aspect the pfaseatlyi sppwater B?"éfﬁ'gff%ﬂeéd‘ﬁ ¢l fuged ﬁoéf"ﬁebiﬁ%dTDgf\l treating
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the input fil4haiRy . 150 versa, BWRO membranes typically used for treating low

TDS input water afford low water recovery when the input water has a

high TDS.

In this specification, where reference has been made to external
soutces of information, including patent specifications and other
documents, this is generally for the purpose of providing a context for
discussing the features of the present invention. Unless stated otherwise,
reference to such sources of information is not to be construed, in any
jurisdiction, as an omission that such sources of information are prior art
ot form part of the common general knowledge in the art.

It is an object of the present invention to provide improvements in
or relating to a water treatment process and method of treatment of water

that overcomes or at least ameliorates some of the above mentioned

disadvantages or which at least provides the public with a useful choice.

SUMMARY OF THE INVENTION

In a first aspect the present invention broadly consists in a method

of treating filtrate flow, or multi-flows, comptising the steps of

e providing a plurality of RO membrane element arrays;



indicative of the total dissolved solids (hereinafter "TDS") in the water;
and controlling the flow of filtrate to and/or between the RO nenbrane

el enent arrays according to the nonitored characteristic. Preferably, the
controlling of the flow of filtrate is carried out in a manner to establish
a flow path selected fromone of a parallel processing configuration in
which the filtrate flow is sinultaneously processed in separate process
streans, separately by two or nore single passes, each pass including a
sai d RO nenbrane el engnt_array; and, a series or, serjal ocessin
configuration in whic tnﬁoem{cfrl%igt rat” garf‘ftg%s‘i‘cs EIO F}%Gi lB?%cefgé%t& i%}rllata%fi rst pass
and then processed in gn&eaRRGMAS SotaPACIHIRASHLES ChdseindeaBBSY) RO
menbrane el enment array. Preferably nenbrane el ement arrays in each pass nay
be of similar conbinatitmsatf; &qui val ent nenbrane types. In a further
aspect the present invention broadly consists in a nethod of treating a
flow, or multi -f|oms,-ofcoﬁtrpthmgttélec%mmqfsfﬂngtq e agd Aprs betyfeen theBOdi ng a
first pass that includes at,|east, one RO nenbrane el ement array; , providing
a second pass that incl GiEabmne| gledient argd am@%éoelt‘%%%ﬂ&ﬁ%;
nonitoring a characterig Lﬁc@}isﬁ@e input filtrate flows) that is

indicative of the total di'ssolved solids (hereinafter "TDS") in the

filtrate; and 4  eogferdly,ithe cbgoflingvsfahe fiidv baterite iaskred dgtiween the
first mannet to establish a flow path selected from one of
o 2 parallel processing configuration in which the filtrate flow
is simultaneously processed in separate process streams,
sepatately by two or more single passes, each pass including
a said RO membrane element atray; and
e a series or serial processing configuration in which the
filtrate flow is first processed in a first pass and then
processed in a second pass, each pass including a said RO
membrane element array.

Preferably membrane element arrays in each pass may be of similar
combinations of equivalent membrane types.

In a further aspect the present invention broadly consists in a
method of treating a flow, or multi-flows, of filtrate comprising the steps
of:

e providing a first pass that includes at least one RO
membrane element array;

e providing a second pass that includes at least one RO
membrane element array;

¢ monitoring a characteristic of the input filtrate flow(s) that is
indicative of the total dissolved solids (hereinafter “TDS”) in

the filtrate; and



pass and/or the second pass according to the nonitored characteristic.
Preferably, the controlling of the flow of filtrate water is carried out in
a manner to establish a flow path selected fromone of a parallel
processing configuration in which the filtrate flow is sinultaneously
processed by both the first pass and the second pass in separate process
streans sinultaneously; and a series processing configuration in which the
input filtrate flowis first processed as the first pass and t he resul tant

perneate is then processed by. th con ass fromthe
series to the parall el 58’?\??%’15‘8&&3%’ frﬂtg E?e?‘%‘ifcirab F%‘&t ef % hout
nterruption of perneat g, %)faromeakéconmg aa@eérd@ﬂg tB" 8 ehdRliyreti thin a
time duration not |onger than 60 mnutes. Preferabl’y change occurs wi thout
undue fluctuation of thehamapetriaid.ng pressure of the punps and the perneate
wat er production. _Preferably, the first pass corrprl ses of or a conbination

of a plurality of Pecforebbs tlmwn@h%@f&}%%\moi &ﬁ@ltet\’ﬁ?éefs’é(,f@ﬁép%fa@s RO
nmenbr ane arrai/ rlses of hégqconbl %1t0 uE{allty of bracki sh

wat er RO menb ‘b‘f‘\g’f é‘f"’e%‘?ﬁt%b Spr %WBB'ihyse e&f & O‘ﬁ"a‘? of the filtrate flow
from one pass may be o CONLIQ ed to flow Qt her a [ Br.ocessing
when the filtrate fl ow isP rggﬂtg%ﬁsmggtcgn?g%w P nlglgl ﬁ% éft%é‘? |Hgs or the

paral | el processing comgﬁuﬂahh&mm@?&ssear@; %babltue f&ne shafRctiRri stic of
the input filtrate flow which is npnitored be any one selected fromthe

salinity, the acidity, témnd @masiiryseparatt pmcesnmﬂmmswmhyltarﬁroaﬁ]grahi y, the
characteristic of the filtrate being nonitored my be nonitored by neans of
wat er quality sensors® a series processing configuration in which the input filtrate

flow is first processed as the first pass and the resultant

permeate 1s then processed by the second pass.

Preferably change from the series to the parallel configuration or
vice versa Is effected without intertuption of permeate flow from all
membranes and preferably within a time duration not longer than 60
minutes.

Preferably change occuts without undue fluctuatdon of the
operating pressure of the pumps and the permeate water production.

Preferably, the first pass comprises of or a combination of a
plurality of seawater RO membrane elements and the second pass RO
membrane array comptises of or a combination of a plurality of brackish
watet RO membranes elements.

Preferably, at least part of the filtrate flow from one pass may be
controlled to flow to another pass after processing when the filtrate flow is
controlled to flow in either the series or the parallel processing
configuration modes.

Preferably, the chatacteristic of the input filtrate flow which is
monitored may be any one selected from the salinity, the acidity, the clarity
ot the conductivity.

Preferably, the characteristic of the filtrate being monitored may be

monitored by means of water quality sensots.



5 Preferably, the first pass may be adapted for treatnent of high TDS wat er
(such as seawater), while the second pass may be adapted for treatnent of

| ow TDS wat er (such as brackish water). Preferably, the control of the
filtrate fl ow between nenbrane elenents nay be by nmeans of val ves and punps
wi th variable speed notor drives. Preferably, the control of the valves and
notor drives may be by a controller. Pseferably, the controller may be a
programuabl e | ogic controller (PLC). Preferably, the filtrate fl ow may be

carried out autonmapi [ 0.t to the
noni t or ed char act eﬂéé?lllacg"@e t{]ﬁg%%rﬁ% g?éé%ﬁ%f@%%ﬁ%}{,&% gﬁ%nggg and punps
with variabl evapeeduiRtAr seifat@y, while ¢entdcohlli past hayfbowdaptelli K at e may

be automatically actuat ed_Et% the controller. In a further aspect the
present i nventicatmdnt odddy Tdohsiastrdsual a heatkish wategat nent system for the

treatment of a flow o ter, said water tpreat t systemconprising at
| east one inlet fo r‘iffﬁ’@%%m%‘fi B?ntfq’]leo\%\ﬂ"ilér%ﬂfnia nﬁpo"?ltfﬁlt‘&e%s@&‘%éaqeor gui di ng
the fl ow of 0 X .0, f L : LS with the
inlet thr ougn\@{e eenq:sf Gf’ﬁgg’ys@géﬂés?mé‘%gfah?gﬁ% %#hgﬁqé er %%sseg?&each pass
i ncluding at Hgasd one RO nenbrane el enent array, disposed between said

inlet and outlet; a nonitoring neans for nonitoring characteristics of the
wat er indicative oPr¢thebfDshotontel elathervalves and motor drives may be by a

controller.

Preferably, the controller may be a programmable logic controller
(PLC).

Preferably, the filtrate flow may be carried out automatically by
means of the controller in response to the monitored characteristics of the
filtrate.

Preferably, the valves and pumps with variable speed motot drives
for controlling the flow of filtrate may be automatically actuated by the
conttoller.

In a further aspect the present invention broadly consists in a watet
treatment system for the treatment of a flow of water, said water treatment
system comprising

¢ at least one inlet for the inlet of the water flow;

e fluid passages for guiding the flow of water for treatment;

e an outlet in fluid communication with the inlet through the
fluid passages;

e a plurality of filter passes, each pass including at least one
RO membrane element array, disposed between said inlet
and outlet;

* a monitoring means for monitoting characteristics of the

water indicative of the TDS of the water;

* a controller for controlling the flow of water in a manner to

establish a flow path selected from one of



a controller for controlling the flow of water in a manner to establish a
flow path selected fromone of 6 o0 a parallel processing configuration in
which the water flow is sinultaneously processed by both a first pass and a
second pass in separate process streans; and 0 a series processing
configuration in which the input water flowis first processed in a first
pass and then processed in a second pa$s; and a flow diversion system
capabl e of operationally diverting the flow of water between the parall el

processing configuration and,t ri i anf i 10
8na, %%altﬁﬁ b&%e&fx%cﬁgﬁgggmﬁ% %19%1%% the

Preferably, the characteristic e water Ive of the TDS may be
any one sel ected fromthe sakiatet fow tihgmadtatitdusly ploeesbdibiythstlon feenductivity
Preferably, the flow diversion system may include at |east one valve and at
| east one actuator. Preferablppss pie af fegondiipass 81 8epasats tneaTepa\sticamSude a
plurality of valves, actuators and punps with variable speed notor drives.
Preferably, the system may i #®fude a plurality of fluid passages.

Preferably, the controll erOnaiyseglggtp;rgé%lgiﬁgtcfohgghl% '?ﬁ’q}l%hfcﬂ t@le;mg@ter to

establish a flow path conprising a“co i on~o e series o aral |l el

configurations described abowgtePAlefeis dbtyprocbgedRh nefidt pass fnd tien system
may include one or nore than one punp. Preferably, at |east part of the
permeate froma RO nenbrane pebeayeqst inar yeggnd pass; sichgl e pass confi gurati on
may be fed to the inlet of the another RO nenbrane filter_pass. Preferably,
the flow di version syt énflewndigessian sgtemesapeblgapt opgratipgally diverting

the flow of water between the parallel processing
configuration and the seties processing configuration.

Preferably, the characteristic of the water indicative of the TDS may
be any one selected from the salinity, the acidity, the clarity or conductivity

Preferably, the flow diversion system may include at least one valve
and at least one actuatot.

Preferably, the flow diversion system may include a plurality of
valves, actuators and pumps with variable speed motor drives.

Preferably, the system may include a plurality of fluid passages.

Preferably, the controller may control the flow of water in a mannet
to establish a flow path comprising a combination of the series or parallel
configurations described above.

Preferably, the RO membrane filter system may include one or
more than one pump.

Preferably, at least part of the permeate from a RO membrane
element array in a single pass configuration may be fed to the inlet of the
another RO membrane filter pass.

Preferably, the flow diversion system can divert at least patt of the
permeate from a RO membrane element array in a single pass

configuration to the inlet of another RO membrane filter pass.



perneate froma RO nenbrane elenent array in a single pass configuration to
the inlet of another RO nenbrane filter pass. 7 Preferably, the flow

di version system can divert at |east part of the reject froma RO nenbrane
element array in a single pass configuration to the inlet of another RO
menbrane filter pass. Preferably, the RO nenbrane filter system may include
a punp or punps wth variable speed electric notor drives for creating a
predet erm ned operating pressure or flow at the nmenbrane el enents.

Preferably, the nmenprane. el nts.in a RO nenbrane system ma noveabl y
confi gured between éic%’éﬂ?%}f’ltg? Madiyesign @?teé%ﬁf‘?gimeéhtoﬁ?“ FF”%EPEF]E%I y, the
pass confi gurag: i i : in
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i ndi vi dual ROthemtafanetierR® snémrane fidapied and/ or configured for

operation at varying iLgr essures, and with varying salt renpoval
ef fectiveness. Preffeeigmbly, the&Q spembitane filigk systemrmepinduds § pewpodr wat er

through the first an secoqﬂ pasg@é]tso as .to optim,se thg ef fecti veness of
the salt remoPHfPst ' BID ¢ RATARIE PGt eleCtr o P8I JT¥¢h e BorftrBif8er wi l |

control the fl Qi!ﬂe?érﬂiﬁé&ﬁgéﬂﬁﬁgg&s%&% otlildvsht &@ﬁnéﬁﬁ&ﬂg eR&3hts SO as to

maxi m se the \Po une of flow of“perneate fromthe system and m ni m se

fouling of the nmenPrefacabd}, ehe RicnblhetRurilyin 4 RO annilsiraht eyswer@ympont rol the
speed of the punps of the systemin order to maxi m se optinum efficiency of
t he oper at i on bsfmovdablyROntigntadalpriwete mpatadlelfand asegies eanfiguationt TDS in the

t flow. Pref |y, .t he, RO menb Syst i ncl ud I lit f
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will control oW 0 rate fromt
Preferably, the individual RO membrane elements may be adapted

and/or configured for operation at varying pressures, and with varying salt
removal effectiveness.

Preferably, the controller will control the flow of water through the
first and second pass so as to optimise the effectiveness of the salt removal
from the input watet.

Preferably, the controller will control the flow of water through the
first and second pass, so as to maximise the volume of flow of permeate
from the system and minimise fouling of the membrane elements.

Preferably, the controller may control the speed of the pumps of
the system in order to maximise optimum efficiency of the operation of
the RO membrane elements for a given level of TDS in the water flow.

Preferably, the RO membrane system may include a plurality of
inlets for the input of a plurality of filtrate water input flows, each differing
from each other in their TDS levels.

Preferably, the controller will control the flow of filtrate from the
plurality of inlets so as to maximise the volume and permeate from the
system and avoiding compromising the recommended operation of the RO

membrane elements as well as minimising fouling in the membranes.



plurality of inlets so as to nmaxim se the volune and perneate fromthe
system and avoi di ng conprom sing the recomended operation of the RO
menbrane el enments as well as mnimsing fouling in the nenbranes. 8
Preferably, input flows of water nay be diverted in various proportions to
enable the water salinity to be optimsed for the particular water
treatnments system In water treatnent pl8nt incorporating the present
invention raw water abstracted is subject to pre-treatnent processes by way

of ~mechani cal f"ﬁﬁééraWI},h'r{Bu?rﬁB Lt LALGRB: TRAPT RNl Lhd £ inMedhBu LT
ultrafiltration nenbrane flf er nmedia or equivalent treatnment processes.
The filtrate ipsopdieinng ed chablehfie Meitar SEnidp 1O Se dpiised iy direpdriitdler medi a
descri bed above. Such may conprise several RO nmenbrane el enents in arrays
i nstal | ed i nsivigerdrratpsay spste8sure vessels. Perneate fromthe RO nenbranes
is further chemcally treated to produce drinki ng‘bwat er for .conmmercial or

donestic use. O herta¥HEE (EABReYRIAPT NEOIRYAAG VI SEGTE ADFREER: " om t he

foll owi ng: descrnl i 80l nid S, BIePYprdRkaBhe S ABLESAN By 208 VL

reference to the acconpanyi nhg draw ngs.” As use In the ter

means "and" Ofmédhanicalor filk@t h.wifs usedfitesdion mesbrado! v Nghedianoen Means
the plural and/or_ singular forms of the noun. The term "conprising" as used
in this speci fulteaftlframord anembramientiler medies or cgubiakent eeasmene peocessespart of ' .

Wh i nt i t at ts jn thi i fi i d clai whi ch
el ude.  hat CRFICE o MBER BrE Uy BraSBa By hal Megnifers FLAERSgEnt enent.
all need 10 beyQiRRENRu! SGl ol ERHURESSGAR 1BOSPRbrBE LSRR Rl 2 od

ternms such as "conprise are to be Interpreted In the sane
manner. The entday€idiAleldasiteenefosal prapplel €atdl@nPerpaienftsmand RO

publi cati ons,
membranes is further chemically treated to produce drinking water for
commercial or domestic use.

Other aspects of the invention may become appatent from the
following description which is given by way of example only and with
reference to the accompanying drawings.

As used herein the term “and/or” means “and” or “or”, or both.

As used herein “(s)” following a noun means the plural and/or
singular forms of the noun.

The term “comprising” as used in this specification [and claims]
means “consisting at least in part of”. When interpreting statements in this
specification [and claims] which include that term, the features, prefaced by
that term in each statement, all need to be present but other features can
also be present. Related terms such as “comprise” and “comprised” are to
be interpreted in the same manner.

The entire disclosures of all applications, patents and publications,
cited above and below, if any, are hereby incorporated by reference.

To those skilled in the art to which the inventon relates, many
changes in construction and widely differing embodiments and
applications of the invention will suggest themselves without departing

from the scope of the invention as defined in the appended claims. The



cited above and below, if any, are hereby incorporated by reference. To
those skilled in the art to which the invention relates, many changes in
construction and widely differing enbodi nrents and applications of the
invention will suggest thensel ves wi thout departing fromthe scope of the
invention as defined in the appended clainms. The 9 disclosures and the
descriptions herein are purely illustravive and are not intended to be in
any sense limting. BRI EF DESCRI PTION OF THE DRAW NGS The invention wll now

be descri bed way of axanple onl nd . with refepence. tao the draw ngs in
i e G Rt e R A

whi ch: Figure [ Igure OWs a schematic

llayout of a RQWMIRI@N® ihidny8bnseIudiig® W th two passes of nmenbrane el ements
in a single pass parallel configuration; Figure 2a: shows a schematic

| ayout of a RO Menmbrane filter systemw th the nenbrane el enents
establishing for _sone of the flow a re , single pass configuration;
Fi gure 3: sho%IEFs@ﬁé%&IPﬁpzN&ﬁ Tﬁé &mgane filter systemwth the
menbr ane el enents i SE&MdSS iR S ' .on; L gir ..ghows a
schematic of a si ngﬁge}%‘é%sd 0(Iiéo m%&ﬁeedgé&gpg%%xﬁﬂpgfteﬁg@gtéagrgf}r%?br ane

el ement array w§®nkid@ei@tthaRe dBERAL-ERVRERCR PTI ON OF THE PREFERRED
EMBODI MENT Wth reference to the above drawi ngs, a reverse osnosis (RO

menbr ane syst em acPogutierly Watea TreatstenaPbat Scémathie i nvention is generally
i ndi cated by the nuperal  100. Reverse GQsnosi s( menbrane_filter process
operates with two Fagned shewsapshantir Byow O:fé‘%bplgﬁ meefletnbr ane whi ch

?F‘I)ZSVVI;.?ter alt l)O\é\gTStetHQ%flg{ ts\}é(?lp\a/SeSgS 8Prlnlegn IE.I‘?C € en\llgnt%‘%[) %?ﬂgﬁ@gﬂS%ﬁPﬁﬁl@Pe but al | ows

configuration;

Figure 2a: shows a schematic layout of a RO Membrane filter
system with the membrane elements establishing for some of the flow a
three stage, single pass configuration;

Figure 3: shows a schematic layout of a RO Membrane filter
system with the membrane elements in a series two pass configuration;

Figure 4: shows a schematic of a single pass RO membrane system

with a two-stage membrane element array configuration.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

With reference to the above drawings, a reverse osmosis (RO)
membrane system according to a first aspect of the invention is generally
indicated by the numeral 100.

Reverse Osmosis(RO) membrane filter process operates with two
solutions sepatated by a semi-permeable membrane which does not allow
the dissolved solids to move across the membrane but allows the water to
permeate by way of higher than osmotic pressure applied at the solution of
higher concentration. This results in a net water flow across the semi-
permeable membrane to the solution with lower pressure and lower

dissolved solids concentration. The semi permeable membrane is not



perneate by way of higher than osnotic pressure applied at the solution of
hi gher concentration. This results in a net water flow across the sem -

per neabl e menbrane to the solution with | ower pressure and | ower dissol ved
solids concentration. The sem perneable nenbrane is not 10 perneable to

t he di ssolved solids. Typical RO nenbrane characteristics pertaining to
this novelly are given bel ow Seawaterlgsem perneabl e nmenbranes el enents,
constructed from pol yam de or equivalent material and can afford better

than 98% di SsBLEEALROL) B2 (RAbRLd'BHES 1A R nRALIMNL ehiaLLANQr eater t han

85% at pH 8) OW Nng operating conditions: O operating pressure
range up to apewiinifg tbahis novelbPhreQlivdnipiléwiat er <5; o pH between 4 and 10;
Bracki sh wat er sem perneabl e nmenbrane el enents, constructed of pol yam de
or equivalent nmateri a& Sedvaen seaf fperdedidt treemblaws Shémembk) rej ection and
boron rejection greater than 90%at PH 10) under the foll ?WI ng operating
conditions: o operatingcprersghirpapRlyapidersapralenrmasetalandsat: o SD of
i nput water <5 ; o pH be 4 and o, ;N _one,e i rent. _now descri bed,
there is provided a RO a%ﬁgggﬁ% P]aflt]%r/"éi%? S i%gg%&ﬁ?f%eecntopea&%nent of a
flow of filtrate (shownp.as, fEﬁéchWn@eatJ%aB@S%ﬁ‘%@@? upMef w 100 conpri sing
a pair of inlets 110 for the'inlet” of the filtrate water from a
pre-treatnment process. [sllavayg opecitingeoadipous:al ity of fluid passages 120 for

guiding the flow of water for treatnent. A pair of outlets 130 in fluid
communi cation with the inl@t$§pgpgng pressure range up to about 70 bat;

o SDI of input water <5;

o pH between 4 and 10,

e Brackish water semi permeable membrane elements,
constructed of polyamide or equivalent material and can
afford better than 98% salt rejection and boron rejection
greatet than 90%(at PH 10) under the following operating
conditions:

O operating pressute range up to approximately 40 bar:
o SDI of input water <5
o pH between 4 and 10.

In one embodiment now described, there is provided a RO
membrane filter system 100 for the treatment of a flow of filtrate (shown
as artow A). The RO membrane system 100 comprising a pait of inlets 110
for the inlet of the filtrate water from a pre-treatment process. It may
include a plurality of fluid passages 120 for guiding the flow of water for
treatment. A pair of outlets 130 in fluid communication with the inlets 110
through the fluid passages 120 is also provided. The RO membrane filter
system 100 further comprises a first pass that includes preferably two RO
membrane element arrays in a single pass configuration 150a and a second
single pass of preferably two RO membrane element arrays 150b. Each
membrane element array preferably consists of an array of pressure vessels.

Each pressure vessel preferably includes a series of RO membrane



t hrough the fluid passages 120 is al so provided. The RO nenbrane filter
system 100 further conprises a first pass that includes preferably two RO
menbrane el ement arrays in a single pass configuration 150a and a second
singl e pass of preferably two RO nenbrane el enent arrays 150b. Each
menbrane el enment array preferably consists of an array of pressure vessels.
Each pressure vessel preferably includesl a series of RO nenbrane 11

el enents. Such may be made up of spirally wound nmenbrane | eaves with
several el emepfos st aldrefhal m,e%ﬂ&(;@ﬁ,gv@,fQgﬁag%sue{&mﬁmé\@w@gmpass
conprises nenbrane elenments’in a tlow conhfiguration wth 1 nput water

subj ected to enerdrclomcatsstiidgfkdoin Rackeebrmesutd aatdslnt At einpleoguge t he
pernmeate. A single stage is a conbination set of menbrane el ements

subj ecti ng t heoinppists merehrang ekmintylie 2RO weedntigneation) withi wmyut vedsetnent . A
single stage pass i s shown in Figure 2 ass 150a. Pass 150b,is a two
stage pass. CR ]ﬁ‘bt{:‘zrt?ﬁqecgr moffgéagﬁ%ﬁg,@ﬁégflg} EADE) EEAMICET 40 Prgivegn in
Tabl e A bel ow, T ' ' I - r[ﬁf@ nbr anes
Filtrate Wat erth eqﬁgj{n?etf/ &m%% %1%%g§gﬁ1%%®ﬁ_r§e?a TE?%?%%{ 5188‘31%% (150a)
RO Per meat e DislgedtitRothiNTebépeiet tag singRORD tdembedriedBltdimpssedtmetpenat i ng P
(ppm) (bar) Pressure (bar) >5000;, <0.4 6-8 20-70 5-11 5-7 < 45000 <5000
<0.4 6-8 10- 25ingle1stag: pass ihesh@ennerifigaiselaetepintiolaf RagedSBadsadwe i nstal | ed
in various arrays to ovide.a single or two sta e?eélgassage of treated

wat er of eachSPROMSSs “PAREIGHNTIGS SHeths) BREBRFANCITRC SIREt &' 856812 for each
pass nay Table A below.

Table A: Operating range of Key Parameters of RO Membranes

Filtrate Water Quality RO Membrane Operation
Total Turbidity pH RO (150a) RO Permeate
Dissolved Operating | (150b)
NTU H
solids Pressure | Operating P
(ppm) (bar) Pressure
{bar)
> 5000, <0.4 6-—8 20-70 5-11 5-7
< 45000
< 5000 < 0.4 6-8 10-25 5-11 5-7

The RO membrane elements of each pass are installed in vatious
arrays to provide a single or two staged passage of treated water of each
RO pass. The membrane elements and pressure vessels for each pass may
be connected for water flow through a single or two stage configuration.
The first and second passes are disposed along the fluid passages 120, and
includes a monitoring means in the form of a water quality sensor 200,
which measures the conductivity of the filtrate from the pre-treatment
processes, for monitoring a characteristic of the input filtrate indicative of
the total dissolved solids (hereinafter “TIDS”) in the input filtrate flow A.
It is envisaged that in a preferred embodiment, the characteristic being

monitored by the monitoring means will be the conductivity of the filtrate



be connected for water flow through a single or two stage configuration.
The first and second passes are di sposed along the fluid passages 120, and
i ncludes a nonitoring nmeans in the formof a water quality sensor 200,

whi ch neasures the conductivity of the filtrate fromthe pre-treatnent
processes, for nonitoring a characteristic of the input filtrate indicative
of the total dissolved solids (hereinafer "TDS") in the input filtrate
flow A It is envisaged that in a preferred enbodi nent, the characteristic

being monit Or\x%?erb}{oﬁ*&?ernﬂ’%ﬁ Bt i%p%e%%géhsth‘ﬁ"{ L&ﬁcglﬁe%ﬂg%g}?ﬂg&gﬁéﬁ@s t’%%}ﬁ];r the

filtrate 12 watetr, however | appr eci vari ous

characteri sti Gg m@yurcdeintRalaY 8, salified, HkRg ok Reidgpl i nity, clarity, or
acidity. The RO nenbrane filter system 100 further includes a programmable
|l ogic controller (Rhe) ROO fomivemt r Gltei ngystdme fI0Bw fofthef i inahades water A in

a manner to establish flow path thr | ui d assages. 120 sel ected
from one of apﬁ%rémlr‘éé}b?epr%%lésg‘?ﬂbolt%n&igﬂr%\2(? offﬁr (%“@H?ﬁ/ﬁag? A e 2), in

which the 111 ke ThOWA S, 3 THLhEneOYSLBY QoASE S ISR AN fuld St pass

RO nenbr ane el enent array a‘an e secon rane el enent

array 150b i np3epsdsal® Klages Sroth (RRIGE 2 paflllel pRREdsef @nfiRiit@n (44 0cessing
configuration (as shown in Figure 3) in which the input filtrate flow Ais
first processstiowm inhFigires?), masbicRGherbithitaflow ielsamelineanslapra&@sedand t hen

processed n L1, seepnt pase, o reibiane, BLEtenL SUCRY JS0R RO
predet o e 608D A RSEELLIG PLSSEUS BB AL e b o oL e
punp or two pYems drketial) peraestihy confiphrhion (asishownahdFighee Gy &1 whitevi ce.
Al ternatively, the conbination punp set 154 can ressurise the entire set
of plurality dhe mgniprfdmateffldw ¥ 1efismpnoceasadaipstheFost pAtseR Qumpsbsared | operat e
wth variable e e%e%? artrglgroerOg rain Then %%c%rsr&tdi it le%econd pass RO membrane
element array 150b.
The RO membrane filter system includes a combination pump set
154 for generating a predetermined range of operating pressure and the
filtrate flow A at the filter elements 150. The combination pump set 154
may consist of a single pump or two pumps in tandem with or without an
energy recovery device. Alternatively, the combination pump set 154 can
pressurise the entire set of plurality of membrane filter element atrays 150.
The pumps shall operate with variable speed motor drives, automatically
actuated valves and a PLC 220 to control the passage of flow of filtrate
water to establish a parallel configuration ot a series configuration mode of
treatment, ot any combination of series or parallel configuration modes (as
shown in Figures 2, 2a and 3 ).
During the parallel configuration mode of treatment (figure 2), the
input filtrate water is controlied to flow directly to both passes (150a and
150b) in a parallel configuration simultaneously.
An alternative to the parallel configuration mode of opetation is to

have the RO membrane system operate with three stages as a single pass.

A single stage is a combination set of membrane element subjecting the



actuated val ves and a PLC 220 to control the passage of flow of filtrate
water to establish a parallel configuration or a series configuration node
of treatnment, or any conbination of series or parallel configuration nodes
(as shown in Figures 2, 2a and 3 ). During the parallel configuration node
of treatnent (figure 2), the input filtrate water is controlled to flow
directly to both passes (150a and 150b)3in a parallel configuration

sinmul taneously. An alternative to the parallel configuration node of

operation is ffyutRaner {8 sRRTBIRTRDarSYHESM PREFAEL & WstRerhiWie8f gtages as a
si ngl e pass. single stage i's a conbination Set of menbrane el enent

subj ecti ng t hetag8 RO npuatmeat process. aEstnghs pag haROohe eatment stagdsgofre 4 is a

schemati c of 312 stag%mtreat ment_ pr ocess. Eﬁfﬁg pass ma ve one or nore

stages of t h&hRRChERHRIARS teaRert At 1B A0S WasH 'qYSlAG ¥4 ough.

IS can, 0, SPLAR 200 Rl SRR NG P HOPH YR8 p DS Seoond

pass 150b is Tromtne rej pass 150a,

instead of i npUfroniVeicerejd@ fiIRSel Wit fRAS She TRdtSpdss 1804 Siabied&loY iapldr ee- st age
single pass configuration. Typically, each nenbrane filter pass 150

conpri ses sevenalt RO theefitst gresf i [Iher ieldfrentdy enchosedagen spgles passe vessel s
and operating at _ various operating pressures to obtain varying efficiencies
in the deconcanfigiaiion, desalination or purification of water flow A

t hrough them although,they,do have opipum operating.efficiencies at
particular pr essu?oérgga%i%a)élhsm\?ﬁl r%%epgfrhﬁ_f é’agseltngo‘forﬁﬁﬁ%eg ?ng&rarlr;%ébe needed
for each passnchaOand R HIAHehR dftfosearih! SidbRire FRUH T SRR YpRrat@Chy RO
menbrane pass, 150, may have the water flow through a single stage or two
stages of ROvamody avperetigneptessets. tThebALC 2&Fimpayefboincios ithetlpunp 154
ressures by controlling the speed of the punps_ 154, therepy causing the

]P ilter el engmdgcqg@mir@ti%n, desalingtion or purigca%orrzpof water flow ythroug?m g

them, although they do have optimum operating efficiencies at particular

pressures. This is why separate sets of pumps 154 may be needed for each

pass 150, according to the particular requirements. Each RO membrane

pass, 150, may have the water flow through a single stage or two stages of

RO membrane element sets.

The PLC 220 may control the pump 154 pressures by controlling
the speed of the pumps 154, theteby causing the filter clements 150 to
operate at predetermined range of recovery rates. The PLC 220 may utilise
the operating parameters of the filter elements, pumps, the volume of
input watet available and the associated concentration of TDS in each of
the input water flows, to control the operating conditions of the RO
membrane element arrays to optimise a number of parametets, including

but not limited to:
¢ total/rate amount of permeate water produced,

e total/rate amount of permeate water produced per volume

of input water

® total amount of power used,



operate at predeterm ned range of recovery rates. The PLC 220 may utilise
the operating paraneters of the filter elenents, punps, the volune of input
wat er avail abl e and the associ ated concentration of TDS in each of the

i nput water flows, to control the operating conditions of the RO nenbrane
el ement arrays to optim se a nunber of paraneters, including but not
limted to: total/rate anmount of pernmebte water produced, total/rate
anount of perneate water produced per volunme of input water total anount

of power used, 14 the ratio er neat e wat er oduced to . the anmount of
reject water released &t Iéag?hgﬁaegglearte%ﬁ?ra?rioguﬁ‘%{ Lﬁeﬁflﬁeaé?%un\kaqqé‘?]e‘btr oduced to
t he di scharge pressure@pRldRdsddoctehen RRsmenbrane el enents. The paraneters

| i sted above nay be optim sed by the PLC 220 by controlling the speed of

the punps as well as &y tgOnhol bf rtﬁ:nhla@tcp%f&a?ﬂ)du&@v@ @he Wilk@iargd bet ween
menbrane el ement arrays or reject water flow fromeach pass in order to
optim se the processingpofssuteappiicé o tecdPdnagbring démeemtanber of RO nmenbr ane

Rter 11 ons at i he IPRIRENCRS Bird ABpveRBHIEoPURGFS Moy THon2R08 i nput
water i1s avail £ or C I er.f i ert the
series node of 8 {rrglz]al%grélﬁff‘ %geéjﬁéfg{l}?%]f%gﬁg%éggﬁ% Clrorlf1 “%0?%}(‘@ hmécrﬁ{cgﬁé nost

effective at pLRgESSWRE:r /5 SRWALAI mtmRiRALERRELABAL 6r tfjc@desteatiowual ity
for drinking purposes, and also to optim se power usage per vol unme of

processed wat éromvandls passdonsdetviongp R@saehb paresding pétheverrentcondinggrity and
m ni m sing foul itgg of the ranes. Wiere | ow TDS wat e[ br,?,f)léi sh water,
becones avai | &bItBE mpgpber of membrane elements present, as well as the

characteristic of the various input water flows at the inlets.

As a first example, where only high TDS input water is available for
processing, then the water flow A will revert the series mode of treatment
configuration as shown in fig 3 which is most effective at processing
seawater to produce permeate of adequate quality for drinking purposes,
and also to optimise power usage per volume of processed water whilst
conserving RO membrane filter element integrity and minimising fouling
of the membranes.

Where low TDS water ot brackish water, becomes available (for
example adequate water level in an estuary or river ot rainwater ot any
other source) are available, the system may be controlled so that the fluid
flows in a parallel mode configuration (figure 2). Abstraction of low TDS
water is maximised and this configuration supports optimisation of the
filtration treatment to maximise permeate water production. Treatment
mode configured as in Fig 2a is an alternative mode with reject water from
the first pass fed as input water into the second pass. This is a three stage
single pass treatment mode which is to maximise recovety of treated water
when the filtrate water has low TDS.

Lastly, the RO membrane filter system may comprises a flow

diversion system in the form of a control valve diverting limited flow of

permeate from the first pass 150a for direct processing into product watet.



exanpl e adequate water |level in an estuary or river or rainwater or any

ot her source) are available, the systemnmay be controlled so that the fluid
flows in a parallel node configuration (figure 2). Abstraction of |ow TDS
water is maxim sed and this configuration supports optim sation of the
filtration treatnment to maxi m se perneate water production. Treatnent node
configured as in Fig 2a is an alternatiVv® node with reject water from the
first pass fed as input water into the second pass. This is a three stage
single pass treat mepfs ifROR WIS RotSthhP wBX bflyS&vd ?&ﬁ&?ﬁ%ﬁﬂ{ afel @ALRA wat er
when the filtrate water "has | ow TDS. Lastly, 'the RO nenbrane filter system
may conprises im fheodiagthinvgr 8i Bn eayisigedh thntt the thamrwhistc adnthiolwatad ve
diverting limted flow of perneate fromthe first pass 150a for direct
processi ng i nichapesises ofhel Disf the watsr pampbe magwsuted atang stagstalond | e only
two sensor pointg are sh in the diagranms, it is envisaged that the
characteristi éﬂ%ﬁo‘t"ﬁéﬁt}i}\ﬁ?i&w tr‘fé?‘act eristic of the TDS of the water can be
measured at any stagal @ghe R Bi@;vda%}iﬁgea B NRL Bl Aeend NSl i) the
foregoi ng description reference fas "been de to elenments or 1ntegers

havi ng known efpmarad entistegérsdnviigchn@ouicyaivelohs, died sudhcéqidederas ard t hey
were individually set forth. Al though the invention has been described by
way of exanpl énclyded WlfﬁWrYé’F@ﬁé‘i*@éldpéqu@fé}ml ar enbodi ments, it is to be

under st ood t hat Lfications and/agr inprovenents my be nmade, wit hout
departing from t Hgﬂg’é’é]ﬁg %F lg‘ﬁﬂinﬂof“c}lﬁs l%%ﬁ’é qeﬁ%g?ﬁ’fii nWXY ﬁ’?gﬁmle&fﬂ wher e
features or aspactsSqOfnthg, HIMRNE O BE&NASEC it H8G0 bR irflcPRo0d kush
groups, those SE}CI ?fgd nlc% t hg art \fvl {}P recogrﬁs‘f’:sie tﬂgt t he e?%\olentt?{g{l is also
t her eby descr inhedifitatidreramel/of irappovieidnw @uabe ierdRevithdut ddpagiufronf nmenbers
of the Markush group. 16 ] .

the scope or spirit of the invention.

In addition, where features or aspects of the invention are described
in terms of Markush groups, those skilled in the art will recognise that the
invention is also thereby desctibed in terms of any individual member or

subgroup of members of the Markush group.



CLAIM5S 1) A nmethod of treating filtrate water flow, or nulti-fl ows,
conprising the steps of providing a plurality of RO nenbrane filter system
nonitoring a characteristic of the input filtrate that is indicative of the
total dissolved solids (hereinafter "TDS") in the water; and controlling
the flow of water to and/or between the RO nenbrane el enment arrays
according to the nonitored characteristéc. 2) A nmethod as clained in daim
1, wherein the controlling of the flow of filtrate is carried out in a

manner to establish a flow path sel eglgglMgr om one of a parallel processing
configuration in which the filtrate W si mul t aneously processed in

separate proced$ sAr@amdd ofSepaingt @initebyatenilods orfdisdw, @opaeiag, each
pass including a said RO nenbrane el enent array; and a series or serial
processi ng confi guih&tsteps ¢fn which the filtrate flowis first processed in a

RO rentbr ane. el ernt  abFaINSS PRAUOGGC e GIEGT N G 2. wher o1 n the.
menbrane el ement arr tRHRACH RA be,ofhsi ARl a1 paki gns of
equi val ent nenbrane %%325%? 2 ne?%%tgﬁ%?@treét?ng PJ<3L11Etlf Iﬁow, or nmulti-flows,

of filtrate conprisingindidaeiveiofRie abtapaiRvolded goladsk (hesdingfeas “KIDAY) inncl udes at
| east one RO nenbrane el enent array; providing a second pass that includes
at | east one RO the water; and

controlling the flow of watet to and/or between the RO
membrane element arrays according to the monitored
characteristic.

2) A method as claimed in Claim 1, wherein the controlling of the flow
of filtrate is carried out in a manner to establish a flow path selected
from one of

a parallel processing configuration in which the filtrate flow is
simultaneously processed in separate process streams,
separately by two or more single passes, each pass including a
said RO membrane element array; and

a series or serial processing configuration in which the filtrate
flow is first processed in a first pass and then processed in a
second pass, each pass including a said RO membrane element
array.

3) A method as claimed in Claim 2, wherein the membrane element
arrays in each pass may be of similar combinations of equivalent
membrane types.

4) A method of treating a flow, or multi-flows, of filtrate comptising
the steps of

providing a first pass that includes at least one RO
membrane element array;
providing a second pass that includes at least one RO

membrane element array;



menbrane el enent array; 17 nonitoring a characteristic of the input
filtrate flow(s) that is indicative of the total dissolved solids in the
filtrate; and controlling the flow of filtrate to and/ or between the first
pass and/or the second pass according to the nonitored characteristic. 5) A
method as clained in claim4, wherein the controlling of the flow of
filtrate water is carried out in a nmanné?f to establish a flow path selected
fromone of a parallel processing configuration in which the filtrate fl ow

s simultaneously processsh i PPt ANEr i ot PARRAtald Mo SPRRRG PASS i1

separate process streans simultaneous and ri es processing
configuration in which tihdicatipuif the kétabdiesolfddawlids irf thesfiltatepamdsed as t he
first pass and the resultant perneate is then processed by the second pass.
6) A method as clai med icantpHing the fpnsrafi fltate imand/ o befveke Herfitss to  the

paral l el configuration or vice,versa is effected wi.thqut , interrupiion of
permeate flow from all ﬁ’é‘ﬁ%?&ﬁé‘%ﬁ thy S%Oﬁ@t RS 4$°H138 r{'gdd’lenn{ﬂnétloﬁé)d%, wher ei n
the change is within in @, tidfBduration not |onger than 30 mnutes. 8) A
nmethod as clainmed in claim6 or 7, wherein the change occurs w thout undue
fluctuation of Hperainetihdoasedsitred iafclamysyvianein the corabBingaifahe plosduct i on.

9) A nethod as clained in claim5, wherein the first pass conprises of or a
conbi nation of a pPhfdirate pwaser Secipe PURD ARANNEHd0 epahbish 8 flam@athe second
pass RO nenbrane arra rises.of or a conbination of a plurality of
bracki sh wat er ﬁ@?%?‘iﬁfg’g“ OBf 8hent s.

a parallel processing configuration in which the filtrate flow
is simultaneously processed by both the first pass and the
second pass in separate process streams simultaneously; and
a series processing configuration in which the input filtrate
flow is first processed as the first pass and the resultant
permeate is then processed by the second pass.

6) A method as claimed in claim 5, wherein a change from the series to
the parallel configuration ot vice versa is effected without
interruption of permeate flow from all membranes.

7) A method as claimed in claim 6, wherein the change is within in a
time duration not longer than 30 minutes.

8) A method as claimed in claim 6 or 7, whetein the change occurs
without undue fluctuation of operating pressute of pumps and
permeate water production.

9) A method as claimed in claim 5, wherein the first pass comprises of
or a combination of a plurality of seawater RO membrane elements
and the second pass RO membrane atray comprises of or a
combination of a plurality of brackish water RO membranes
elements.

10) A method as claimed in Claim 5, wherein at least patt of the filtrate

flow from one pass is controlled to flow to the anothet pass after



10) A nmethod as clainmed in Aaim5, wherein at |east part of the filtrate
flow fromone pass is controlled to flow to the another pass after 18
processing when the filtrate flowis controlled to flowin either the

series or the parallel processing configuration nodes. 11) A nethod as
claimed in aimb5, wherein the characteristic of the input filtrate flow
which is nonitored is any one selected f§omthe salinity, the acidity, the
clarity or the conductivity. 12) A nethod as clainmed in Claimb5, wherein the

characteristic of : 0 j i tO0 i ht.ored: ans of
water quality sené%?gésfn&l%%%h%?ﬁ% &g’sfﬁﬁ gsi @%ﬁlﬁd@gﬁéﬁ%ﬁé Eefl}aen t he

first pass may be saftapkekke panllélpratdrsing cohfifughod B>dwt er (such as
seawater), while the second pass may be adapted for treatnent of |ow TDS
water (such adlprackicgtpdiat elaimed 1) Chimedhwdemssn theatmsectenst@ of thel3,

wherein the control of the filtrate .flow between nmenbrane enents i s by
nmeans of val ves ant'Pp %atevd%“%ﬁ &b@@“ﬁﬁ@é‘d‘sépﬁéﬂciﬁ??eﬁﬁet‘ﬁk‘oﬁﬂ es. 15) A

net hod as cl ai ned %ﬁn ,gt!'rh@a%@)ityivb\\@lg C{?{%@ﬁgpﬁ’ec‘%.tdw%"iﬁ[ t he valves and notor

;
drives is by a contro me as clalne n Claim15, wherein the

control ler is a2)pnrogieivid elalrhgl ¢n €Ot B] WhEre(dPUle) chakdgreAstiebhdet as
clainmed in Caim16, wherein the filtrate flowis carried out automatically
by neans of the cofiltratt |being maratyserhde menitdred hyomenos ef whter agtalifyi stic of
the filtrate. 18) A nethod as clained in Caim17, wherein the valves and
punps with variabféS8Peed notor drives for controlling the flow of filtrate

e sutomLL by B PARICHELA ! waldla AR LSRR SISt
adapted for treatment of high TDS watet (such as seawater), while
the second pass may be adapted for treatment of low TDS water
(such as brackish water).

14) A method as claimed in Claim 13, whetein the control of the filtrate
flow between membrane elements is by means of valves and pumps
with variable speed electric motor drives.

15) A method as claimed in Claim 14, wherein the control of the valves
and motor drives is by a controller.

16) A method as claimed in Claim 15, wherein the controller is a
programmable logic controller (PLC).

17) A method as claimed in Claim 16, wherein the filtrate flow is cartied
out automatically by means of the controller in tesponse to the
monitored characteristic of the filtrate.

18) A method as claimed in Claim 17, wherein the valves and pumps
with variable speed motor drives for controlling the flow of filtrate

are automatically actuated by the controller.

19) A water treatment system for the treatment of a flow of water, said
watet treatment system comptising
at least one inlet for the inlet of the water flow;

fluid passages for guiding the flow of water for treatment;



wat er treatnent systemconprising at |east one inlet for the inlet of the
water flow, fluid passages for guiding the flow of water for treatnent; 19
an outlet in fluid communication with the inlet through the fluid passages;
a plurality of filter passes, each pass including at | east one RO nenbrane
el ement array di sposed between said inlet and outlet; a nonitoring neans
for monitoring characteristics of the wgter indicative of the TDS of the
water; a controller for controlling the flow of water in a nmanner to

establish a flow path gelegtes Gam:ons. flifiohdiah! Bk RLAGERN AT

configuration in which wat er Ow I1s Sim neously proc by both a
first pass and a SeCOﬂﬁidQﬁgi‘;ﬁEﬁ separate process streans; and a series
processing configuration in which the input water flowis first processed
in a first pass and theplurpitycddded passes ek pass wabslingandleastidneiR@i ver si on
system capabl e of operatiognally. diverting fhe l.ow of water. between the
paral | el processing coMCPifea iWefﬁnﬂrrﬁﬂéﬁWF‘isbeﬁWS%s%‘F;d“ E)rf‘\fgl%

gur ati on.
20) A systemas clained in Caim19, wherein the characteristic of the
wat er indicative of the is any one selected fromthe salinity, the

«'ilgi di/\;]y , the clarity of nidi€toepdHeEdns\fb Mlon&_ﬂa}in?cﬁé[t%bﬁﬁikﬁ@s ofl the WRderi N Cl @i m
, erein the flow diversion system may include at | east one val ve and at
| east one actuator. 22pdkagyspétheaBDElcdithedatar; O ai m 19, wherein the flow
\C,jV: Yﬁr \S,Ia_?ln a;?lzt em may f:lrc]glltl%gﬁerafoe:lc%il%rlglﬁr?/g ﬁlfe Hgvlvvoe Water tugj %tr%[algngnt% punps
establish a flow path selected from one of
a parallel processing configuration in which the
water flow is simultaneously processed by both a first pass
and a second pass in separate process streams; and
a seties processing configuration in which the input
water flow is first processed in a first pass and then
processed in a second pass; and
a flow diversion system capable of operationally diverting the
flow of water between the parallel processing configuration
and the series processing configuration.
20) A system as claimed in Claim 19, wherein the characteristc of the
water indicative of the TDS is any one selected from the salinity, the
acidity, the clarity or the conductivity.
21) A system as claimed in Claim 19, wherein the flow diversion system
may include at least one valve and at least one actuator.
22) A system as claimed in Claim 19, wherein the flow diversion system
may include a plurality of valves, actuators and pumps with variable
speed motor drives.

23) A system as claimed in Claim 19, wherein the system may include a

plurality of fluid passages.



speed nmotor drives. 23) A systemas clainmed in Caim19, wherein the system
may include a plurality of fluid passages. 20 24) A systemas clained in
Claim 19, wherein the controller nmay control the flow of water in a manner
to establish a flow path conprising a conbination of the series or parallel
configurations described above. 25) A systemas clainmed in C aim 19,
wherein the RO nenbrane filter system2fay include one or nore than one
punp. 26) A systemas clainmed in Claim19, wherein at |east part of the

o f : . : i
perneate trom 9??39;\ g?if?ﬁag%}%lﬁln%ﬁggbﬁfd B, v!rkfkréln%?é‘?bﬁtr@ﬁ’é%naf&fﬁ&cﬂur ation

may be fed to t anot RO nmenbr ane Ilter pass.” 27) A system as
clainmed in daim 1% fidveo€ivmtdtha o mamnei toadstiblish aykive puticesingiisiagta at | east
part of the reject froma RO nmenbrane elenent _array in a single pass
configuration to t¢mnbinpeen of thawstisepr Roallehsapfavratpns descripad gbowB) A system
as clainmed in aim19, wherein the rrane filt system include a
punp or punps %5)( \fﬂ?qe%fsedg'ﬁéeé:timepg%rﬁe W%?‘Brdlﬁﬁége%ﬁfan&@g%i ng a
predet er m ned opergti eSINAE or FloPMial, dia brane el ements. 29) A
system as cl ai ned ﬁ% C%Pg]lq& 19, ﬁ%erce)f notéfqlte rrerrbﬁ)ane elenments in a RO
menbrane systenpj sAnpxeabl 4 claithéd) ik edlalet Mg ewharcBent deasorpara gfathel | el

configuration. 30) A systemas clainmed in Caim19, wherein the pass
configuration in pRéEERO fiswmdraaddOf membransy sleararnit sarrayy iyl single pessponse to

(ne. o {or e charaGteriatie 81 ey VUL Al ASIRLERGS, chaed 10 G aim
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27) A system as claimed in Claim 19, wherein the flow diversion system
can divert at least part of the reject from a RO membrane element
array in a single pass configuration to the inlet of another RO
membrane filter pass.

28) A system as claimed in Claim 19, wherein the RO membrane filter
system may include a pump or pumps with variable speed electric
motor drives for creating a predetermined operating pressure or
flow at the membrane elements.

29) A system as claimed in Claim 19, wherein the membrane elements in
a RO membrane system is moveably configuted between a seties ot
a parallel configuration.

30) A system as claimed in Claim 19, wherein the pass configuradon in
the RO membrane filter system is moveable in response to the
monitored characteristic of the water.

31) A system as claimed in Claim 19, whetein the individual RO
membrane elements are adapted and/or configured for operation at
varying pressures, and with varying salt removal effectiveness.

32} A system as claimed in Claim 19, wherein the controller controls the
flow of water through the first and second pass, so as to optimise

the effectiveness of the salt removal from the input water.



varying pressures, and with varying salt renoval effectiveness. 32) A system
as claimed in Caim19, wherein the controller controls the flow of water
through the first and second pass, so as to optimse the effectiveness of
the salt removal fromthe input water. 21 33) A systemas clainmed in Claim
19, wherein the controller controls the flow of water through the first and
second pass, so as to maximse the volpne of flow of perneate fromthe
systemand mnimse fouling of the nenbrane elenments. 34) A system as
cIairredinOai 19, thal ofe the punps
of the system i3 R %‘43 O%WQ?(]?&M%S%QQHIE%%%%?QI%’fqé%g%ﬁ?r %ﬁﬁ?oper ation of
the RO nenbrane eI ﬁﬂﬁrkf»fswﬁt@f frogphv e iy ghd McohBass) sbht% toahefinfileOw. 35) A
systemas clained in Caim19, wherein the RO menbr ane system includes a
plurality of inlet e molumﬁe OIfrﬂxmf off parnpdater dtcinp ythof sykielm raatlemimiatisr f | ows,
each differing frOPFﬁ[ng her in their TDS | evels. 36) A system as cl ai ned
in daim19, wheref® OfcBaimesrranc glsAErBt s the flow of filtrate fromthe
plurality of t t he
:Bé? né sgrgteﬁ? ad Q1R {1 ?ﬁnﬁ Iilg wf’{é)tjegin%eac%g ?Ef@ﬁtﬁolg El?em

system and avo rom si ng reconmen operation o

menbrane el ements e\ﬂ/eéﬂ thea%urﬁpgnomtﬁmgstéﬁulhl Olet @otrﬂ@xm%bdﬁﬁtﬂﬁﬁm 37) A
system as cl ai ned | n aim1l wherein input flows of water may be diverted

in various proport editsency @ntisl epthtgomaifethesB memybtaoe demomsifiorsed for the
particular vater ttea tevel of BT the water flow

35) A system as claimed in Claim 19, wherein the RO membrane system
includes a plurality of inlets for the input of a plurality of filtrate
water flows, each differing from each othert in their TDS levels.

36) A system as claimed in Claim 19, wherein the controller controls
the flow of filtrate from the plurality of inlets so as to maximise the
volume and permeate from the system and avoiding compromising
the recommended operation of the RO membrane elements as well
as minimising fouling in the membranes.

37) A system as claimed in Claim 19, whetein input flows of water may

be diverted in various proportions to enable the water salinity to be

optimised for the particular water treatment system.



