WD 2004/ 062774 PCT/|1L2003/ 000984 -1 DI RECT OSMOSI S
CLEANI NG FIELD OF THE | NVENTI ON Thi s i nvention

woeb@tes778 0 met hod and system for cl eani ng menmbCames)3/000984

10

15

20

in particular reverse osnosis and nanofiltration
menbranes in desalination and water treatnent plants.

5 BACKGROUND OF THE | NVENTI GNl Fhe net hod of reverse
osnosis (RO is an effective and energy-saving method

of desalination which is wi dely enployed for obtaining
water for industrial wuse, for agriculture, potable

wat er and ul t r apMIRBETEOSMOSISeCREABONEG st s i n

appl yi ng nmechani cal (gauge) pressure over a saline
solution, such as seawater, 10 which is higher than

the osnotic pressure of the sane solution, in a vol une
delimted by a sem -perneabl e nenbrane (RO nenbrane).
Thereby, the solvent (water) is squeezed through the
menbrane to its "perneate” side while dissolved salts
remain in the solution at the "feed" side of the

menbrane. Her ej I c pressures of solutions are
Fyiéﬁbﬁﬂéiﬁpéiﬁgp@%igEbtnt, i.e. if 15 given saline

wat er _sol yti on has osnptic pressure PO .thi.s neans .
pure \aSeVERHAR r?ﬁéﬁsoﬁoh@re&&dd%n‘gfsy%ﬁmo%@?@uﬂ% Bfahganes, in

BtleuliF TR onENSE RAc R GEARH R R Bfot iy BRI Y IR0 vater

tref®ndn@ plan@par ation of salts, other conponents of the
raw sol ution ternmed "foul ants" herein, such as
suspended 20 particles, organic matter, colloids tend

KSR OF 1 1SS coe ot e o ane

U1 295 ERINIGE SRk oshob YIRS TEH' 1B RSP g saving

separ abi i i ncréased pressure {osses an
ArshdPobecsalifaiatwhith i8 %ﬂé@@rz%léy&ﬁﬂ'drl db24183/0RARBAor industrial
-2 1t is known to clean the nenbrane by stogﬁg‘: ng the
psa dfoct dgrivufince; gudatde dvatpo apd ngtrepesgnvaigr.chberinaethod consists in

solutions to wash the foul ed surface,, Sucp et hodﬁ
applying mechanical (gauge) pressure over a saline solution, suc

a%rseeawater,
which is higher than the osmotic pressure of the same solution, in a volume
delimited by a semi-pérmeable membrane (RO membrane). Thereby, the solvent
(water) is squeezed through the membrane to its "permeate” side while dissolved
salts remain in the solution at the "feed" side of the membrane.

Herein, osmotic pressures of solutions are referenced to pure solvent, i.e. if
given saline water solution has osmotic pressure PO, this means, pure water from
the other side of an osmotic membrane will permeate towards this solution as if
under gauge pressure PO.

When the RO membrane is used for a long time for separation of salts, other
components of the raw solution termed "foulants" herein, such as suspended

particles, organic matter, colloids tend to accumulate on the "feed" surface of the

‘membrane. Some dissolved salts also may precipitate on the surface, forming scale.

A fouled membrane has reduced separability, increased pi*essure losses and

therefore has to be cleaned.
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costly, not very effective, and create new
environnental problens. A nore effective nethod is

wabagertie direct osnosis by feeding saline 5PeOILIMNION0ISS

to the fouled feed side of the RO nmenbrane while

supplying solvent (water) to the perneate side of the

menbrane. The hi gher osnoti e pressure at the feed

side sucks the water fromthe perneate side to the

feed gi; t tHEEAbBRRe tthe ‘f@d\ﬁ:'hon rocess and

penetlr%a{tglg{c,leiltwﬁtt(t}ectlﬁ‘{éq I nt erfgce bﬁgﬁe@ggm he rIr)e P

?ﬁﬂpin@&:l hahied] §dulienst to wash the fanlat esrfabe S‘uoh Ingethods are
om the nenbrane surface. 10 Publications EP0768112

costly,Jmstoegy effedds, and ereateancsy ﬁm’lmmn@%ll Jrivete) i ons of

the direct o

the AeiOre RLeeavE HEaEY 15, 1ok MBEHRRD, FrHpr by deeling satine
§&1§u‘? th@ Soafid REdSQbLtdfofhe] RO %&H%%rhﬁé* Wisild B@pﬁl?ﬁ% solvent

rane essentially w thout pressure

@ﬁaté@&&tthe ?Bﬂﬁéat@ sREESOF thelravabraneahe hégles rmstriotic pressure at the
pressure of the solution), and the water is 15

&e;dpsude ducks the wasemBone the permeate ruderdaisha rfsed sids of the RO
O SRS fieaV T ek B o B Hembrane
e S B R e

mul t i pligly&#ieds St IBPOTEBEIN t ind VeUp2060-09983%ssdgetose  similar
(see Fig. 5) where water flows very slowy. Sone areas

nﬁplehmntamnsrmﬁ)ﬂmdname osinosis methode It Harsvggesiepgheti migen the

wat er, ot her are are reno On the at her
BEmhraRe | pr deanade pqugc@%@prgcgﬁ 1sestoppesh tE]%?]sahne solution is

FPIRL 0 s MBI o] Bt s

Pﬁﬁléfeﬁrl‘,s loWaCHmAURE iRMOBL preistre OF ¢ §($1hf1@ﬂﬁlaﬁd the water is

tration) fromthe perneate side to the feed side
sipptiedhiot the drometeasideoofthe thembrzmbralse witkwua pmsum Thus, the
the water can 25 not reach the renote areas of th
elsapingrsate isoiusked bpek iniherfeed SigeaRaentiany RdeR fhsgaet differential

ﬁgeas Jf"ﬁ the.concentrati on at both sides of the
B4R THO PHEOUS BESSWPYas i s soon equal i zed. The

cl eanﬁlbgv dePGhe ﬁ)ép&QleR@ H{?%brﬁﬁ@ﬁsa b rﬁlﬁﬁil%@d‘ dfucture with

and t merbr a cannot eaned | formy.

O\Iﬁéssﬁ?gﬁ's{ dsééE%S/S@ SAREAwated floStIVPIRRYI 0OHy. TSdEne areas of the
INVENTI I n accordance with the present invention,

tiemnbraie ayer dosaditedthe chpmes) tsupplying water, other areas are remote. On the

other hand, the osmotic pressure of the typical saline solution - seawater or brine -

is high, and the net differential is also high. The combination of these factors leads
to very fast back-suction of water ("catastrophic” filtration) from the permeate side
to the feed side through the close areas of the membrane. As a result, the water can
not reach the remote areas of the membrane befofe it is entirely sucked in the close
areas, while the concentration at both sides of the membrane in the close areas is
soon equalized. The cleaning process, therefore, stops in a few seconds and the

membrane cannot be cleaned uniformly.



10

15

20

25

nmet hod of cl eaning foul ed RO nenbranes in nodul es for
RO separation. The nenbrane has a feed side and an

woppEice a4 per reat e si de and ext ends between a BCTADIND3/000984

end and a rear end of the RO nodul e. The nodul e has a
front-end feed port and a rear-end brine port in ‘
communi cation with the feeds3de of the nenbrane, and
at | east one perneate port in comrunication with the

SEMFEARYOIPTHE IRVENTIONNS. The norma RO

separation process in the same nodul e includes feeding

raw fip,akddee %ﬂh&*ﬁieoé}e%fmﬂéﬁi%ﬁ, WREE s préviRdl & gigect-osmosis
salts and a potential foulant with® osnotic pressure

mRthodt of tcheanfreo fvuled RO emembeartes s madgkes pioe SROr sepafetion. The
> P01, collecting perneate with osnotic pressure

meprbraneehien _rfgqi lélqgoand an ogRoYjte Pty pide Fﬂ\ﬁé exd S between a
babend fnd 83kt TRDL GOlhES ThE o lE mhf 8 trdilfdpgtteed port
%Ecg H(';Plééﬁélﬁf bithe ok CE&SmHuARafbn tigh tHe 1R dBEDFARE membrane,

eani ng nethod conprises: a) feeding dilute

&id iaD ed80 oyt ipimeatet hart e rovRahenisatin ofitlt tlee P@meate side of the
menbrane under gauge pressure PD4 and osnotic
preggyane P04; b) feeding concentrated saline solution

0 LA Sl T RS R e
R T

bagetis passele POR, ROthe foheead 8éd poapat( fauget presaee PF1 > POI,
driving differential APN resulting from pressures P04,

BoMectiRg permedteP@ithi esnaiticepressiire @ drdnedle Petpgate port at gauge
whereby_the water is sucked from, 25 the per te side
pressuie RS, Ao FeapRYIRg TEH uﬁe‘@épes frgm the 'eﬁgef%eg port at gauge
menbr a n .es_j ' .
RT3 A90TE S rhORS, BRTpUARERIARRAIEL IR, 108 ice of o

Rtendfetithraid. fromthe nenbrane surface. In the

I nventive nethod, the gauge pressure PC5 is between

t he pfassleaaimg MEthbdaot?Ses i n t he normal RO process,
while the APN directed to the feed side is, WO

2004/ ek kedingrditute| satiog sohwivngo the psreats sidef the ROygembrane

bﬂggrg%lﬁgg B lsSare P14 gn% o\slmfnto ic i)FessEI?r%tPéf; the gauge

b) feeding concentrated saline solution to the feed side of the RO membrane

under gauge pressure PC5 and osmotic pressure PO3.

¢) withdrawing the concentrated saline solution together with the separated
foulant and the penetrated water from the feed side of the RO membrane.

At step (b), the net driving differential APN resulting from pressures PO4,
PD4, POS, and PC5 is directed to the feed side, whereby the water is sucked from
the permeaté side of the RO membrane to the feed side of the RO membrane,
penetrates into the interface between the membrane and the accumulated foulant,
and separates the foulant from the membrane surface.

In the inventive method, the gauge pressure PC5 is between the pressures

PF1 and PO1 in the normal RO process, while the APN directed to the feed side is
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in the normal RO process. The concentrated saline
solution may be fed to the rear-end brine port at step

wohyo4/0azd4wi t hdrawn fromthe front-end feed poPCTAL2003/000984

step (c), or vice-versa. 5 The concentrated saline
solution of step (b) may be residual brine supplied
from anot her RO nodul e perforfing normal RO separation
process, or the raw saline solution of the normal RO

‘ i 1] ¢ pre8fure PP2
P! bR R U6 Bl B Rt OB P
ogheleritiel RAgpriotessnor mal  separ ati on process and

stored, may be perneate _ 10 obtaj ned from anot H%ngo
modul &hpephesntiairg sebingsplutongeaabaiadda the seesad bainepeyt at step

9. envatifeegn b R fo oo S pOT At pEb TPRaS FRPREHY
sour cgy, %gﬁ%‘rqg Sstine sdtbtidl'6f gt{eﬁ 3B$ thaf DR AL bfind supplied

first-s?age en residu brine”obtai ned from

fioen fahbier R@GAoMeE PReforming aormeak RO seazabors ppavead, ar the raw
may be used. 15 In a]eﬁreferre_d enbodi nent, raw saline
salinet sobuticamef the nosmakR ey separgtion Predess. r especti ve si des

Pt " Trav oS emsoiifos SERBL () S of W Sorh BT D brpined in the
PR i BT R 00l AAAARAGSAUS! ¥ BB R Rbe permente

TR R of P BRGREE RICE $nodull ﬁbﬁﬁnﬁﬁfgni@@hﬁﬂ RO tsephrativgprecess, or
20 perneate channel, and the nenbrane has parts

attjyabe ngsidiné bpime nehigiaed hm anedxt stagesepatatorepfothe same desalination
therefrgm The net driving differenti APN in . this .
i 9 g AnY odker; $0urA. AAANEARE0 Y AL ahe sisangd RO module is

S T N g P, ok O, R et
Qb cdrest Oﬂlﬁgggghsédle parts adjacent to the

per meat e” channel . The efficiency of the nmethod may
be enlinnacgefdrred: dmbbditdenyiray sains solutioneandapérmgater anm fed to the

tine to time the feeding and the w t hdraw ng thE)Se .

sespeetive sidetiof SIMerEDEARR Y b SHBE MERSSUTEOUFRARUIW dhat provides
nd the rear- f.ee ort; plication of pulsating
%@@%&ﬂ@ﬂ%@‘%%ﬂ&?ﬂbﬁﬁ%ﬂ%&?m to time gauge

press and t : tRO! #2fibrénes, where th

di ffe:iret%tl a OEPﬁ f/ugsFarnE ero Eée}g V\l/g?%lg {bﬁeR% ©8, whete Te

RAAERE 2TdeA oP T hleRFaNORORBuniedies with the permeate port through a

permeate channel, and the membrane has parts adjacent the permeate channel and

parts remote therefrom. The net driving differential APN in this case is such that it
allows the dilute saline solution to reach the remote parts of the membrane before
the water is entirely sucked to the feed side of the membrane through the parts
adjacent to the permeate channel.

The efficiency of the method may be enhé.nced in the following ways:
Alternating from time to time the feeding and the withdrawing of the concentrated
saline solution between the front-end and the rear-end feed port; application of
pulsating gauge pressure PD4; changing from time to time gauge pressure PD4

and/or PC5 so that the net pressure differential APN is reversed towards the
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perneat e si de, whereby the RO nodul e perforns

intermttently normal RO separation process. In view
wofoddve2f7act that the standard RO nodul e has aPCT/IL2003/000984

front-end perneate port and a rear-end perneate port

in communication with said perneate side of the 5 RO

menbrane, the cleani ng nethod® may be further inproved.

The feeding in steps (a) and (b) is performed through

pcRIMRIR) dwhRereby Ofhe! RO I @9BER! peFofhdleinteatditéntly normal RO
second dilute saline solution is fed to the other-end

@arw'm)neprpmsls. under gauge pressure PP4 and osnotic

P or ol siep of thartach Biat dhe Biangah ROCTOEI ARF il permeste
the fall_ of ti ' .

poiE endnefirott B RET Sk fp Ryl i SaRidfiet side of the
Re ;eﬁfggaﬂe?% ae&ﬁin% A6 E e RikiReF TRRdVEEEThdRieliing in steps

s In solvenl fromthé perneate side. C eaning
@Yemid (bdyis perfatided thughehelishmeeensapor of thé uespeotivd side, and a
step ( and/or to the concentrated saline solution of
dr gavee

scepd (dggu_.te FANG selHOA oS e Hodthef otheicenst pEREALe RPEHPR
piRssitp oo i L SRSRR AR » 045 PRE AP0 compensates
ﬁg% 1 &Yt ndRdr AR Wfiferentidl AC]]*IE a8 he $AE BF %fsmbiﬂ? g‘?@sure at

es perforns imturn the ani ng process, wh

theefee@side @k thé eofntrathd safing sofutiom flowsfrbmRBe same-end feed port
separation process. The concentrated saline solution

tefwardethe(dther-end feed partparitsueks ifsol vaat iom theaqpermenigeside.
ok e e SHALITRSGH 5 w8 o il A8 0 s
écf %gﬁger%a%u §a?i§ialete§gﬂ@igﬂro?%§%bg@& PR, and the pressure

h concen i ne tion withdrawn at step

(c) i Fhoeprahifl mMethod dffiBe prealineeitdn Rekpedallyeadvantageous for
to the energy Tecovery plant. According to another
depadnstiaf fadilitigsreib rneigyvrenovary platiaising & pprrelitydefoR€@ modules.
cl eaning system for perfoymng.the. above. cl eanin .
Frethi® gasen cachek the REt medulss pefforms ip &HﬁrﬂlgiCﬁf‘gﬂna‘gg process, while
| ural.it f ule r p 110 T

e T&¥%n ic&'@dﬂg B??lgﬁgepggﬁ%ﬁ arﬁéﬁ{a{%l ap %dgﬁjgﬁgledr}?j#tr)ngé& The
E&ﬁceﬁﬁﬁtéa: daner ideso F@itp (BPRAR ANpdHiBAESS thel Réidual brine
desal I nation plant further conhprises a source of raw
svhonddofiom thée rést ofi RO asslutes. Thetespafithe remowedoesidual brine is fed

hi gh- pressure raw sol ution feed |ine_connecting the
ta dhe - eneay deeovsay tRlast af pighobigsayet BRy rpads g quesspre of the

SRRl ot SRR P 5T ot the pressure PR
before feeding to the energy recovery plant.

According to another aspect of the present invention, there is provided a
cleaning system for performing the above cleaning method in a desalination plant
comprising a plurélity of modules for RO separation. The RO modules are
connected in parallel and are adapted to perform the above-described normal
separation process. The desalination plant further comprises a source of raw
solution with high-pressure feed pump, a common high-pressure raw solution feed
line connecting the front-end feed ports of the modules to the source of raw

solution, a common high-pressure brine collection line connecting the rear-end
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perneate ports of the nodules to a product storage

tank or a next-stage separator. The system for

cl eaning foul ed RO nenbranes-@ecording to the above 5

cl eani ng nmethod conprises: a) a pressurized source of
gx‘ﬁé’hﬁ%§ ﬁﬁﬂi%emﬁ@ﬁl% PR ﬁF’étQ)‘HIfé' dwcﬂal?e QiR SiHEa EdfinonPermeate
a co n high-pressure I'ine connecting the perneate

eslldction lirieheonnedh € pemnidate ports of tid nubiduleseosapradact storage
solution; c) a pressurized source of concentrated

takione nest-stagoseparater.di ng the 1o pressure PC5; d) a

Sal | nbhe GFsteRLIH S Tttt T DertERES vidride to,the above
a%%ng%&ﬁg%kg 8le@ second line to withdraw the
¢o At ed Sar

nce I'ne solution fromthe feed side of

t he neyhprRsuriedsdaiteRP dilessadineaotitibh prpviding thegréedsure PD4;
of valves adapted to cl ose or open each of the above

por t sbarad conmmerorhigh-pesssure  Hae teonaceting (the fnermealg perts of the
the normal separafion process and the cleaning nethod
m@@k@ﬂ%%ﬁ%ﬁ&ql&t?é?lﬁ?eq U enbodi ment, t he

first {ine_j . C n bigh- r [ . s 1

col | egi iaorepr%ﬁssﬁ}el,ggq hsg)mslgé%c S Ed%c%feﬁlatguag%g{r%’rgﬁlwtﬁoﬁep roviding the
?fégg\ﬁ@tp@g front-end feed ports of 20 the RO nodul es

0 a second brine discharge outlet, the system being,

adapt dyl at firsti dime stopamniecinthef souhee ob coresmirdtedr satimeagolution to the

concentrated saline solytion in the step (b) of the
> okl eembrage ix perk REanpdile; on of brine through

ot hot) et e o STBHT e UoncRhopbaSh AR kitidh I8 the foed
Eﬁmgh?hﬁﬁiﬂ%&sﬁlhga%hwm&@é%gti on feed line, the

secon Ine 1s -the conmon hi gh-pressure brine

col | e€y & pturalifyrsf, vadved ddaptedytotodosei or aptaxaehl of theisleove ports and
portion of the raw solution as concentrated saline
sommamhngssa awte aldgw neyfosmingef the meeal spparation process and the

dj scharge_. the porti of, raw, solution through the
Fi%@%ﬁ?@@gﬁnge@ﬁ%:gggWFeeWW'step (c) of ?he

met NOgy one embodiment, the first line is the common high-pressure brine

collection line, the second line is a common line connecting front-end feed ports of
the RO modules to a second brine discharge outlet, the system being adapted to use
a portion of the collected brine as concentrated saline solution in the step (b) of the
method, and to discharge the portion of brine thfough the second brine discharge
outlet in step (c) of the method.

In ‘another embodiment, the first line is the common high-pressure raw
solution feed line, the second line is the common high-pressure brine collection
line, and the system is adapted to use a portion of the raw solution as concentrated
saline solution in the step (b) of the method, and to discharge the portion of raw
solution through the first brine discharge outlet in step (c) of the method.

The pressurized source of dilute saline solution may be a permeate storage

tank with a high-ptessure permeate feed pump. In a preferred embodiment, the
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The pressurized source of dilute saline solution may
be a perneate storage 30 tank with a high-pressure

woenmwareg4f eed punp. In a preferred enbodi ment PCThE200¥D)00984

2004/ 062774 PCT/1L2003/ 000984 -7 perneate storage

tank is a pressure-exchange vessel having a perneate

chanber and a feed chanber 7 vi ded by a di aphragm or

a pi ston The perneate chanber is connected to the

ﬁ PR Y &Eﬁﬁf@ie&ghéﬂgtéeves%l' h&ih9e p@fftate chamber
anber |s connecte via a first stop valve to a

oidh fesdeslsamieerf dividdd dyua deapheapin or a Eistoac Ohel pbrmstasp ciamber is
valve to a discharge |ine. The vessel, B can_bhe fiﬁg e(g )
onmecteidoe- tbeecsmm@n fhigh-aressirefleanag dine; Whilgehpdged chamber is

FneEled Vip ch S @f@i{vé'v?a% K EhaR R, ff 59%”?%%% @ second

tpﬁ\%lsourcgfsﬁ%h&ge the commnléﬁillgh prtggsur gﬁfp?ésﬁufeeﬂmdto

aiethtry® thef p@@heake tederhiglh resoumovia theblepniagdinee ahd cae be filled
collecting line. 10 Preferably, in a multi-stage

withapérnwaicoto gisahargatbe éluach éhrpllgh dhe @}scaargadme«e%d}{a@@geously,
ﬁ]ga'gg tpg%sggl? llnrﬁlsétﬁxﬁf’é Bﬁ%g@ﬁ’t{q W]&ﬁﬂ%eﬁ%ﬁéea}a%v Solution feed
ﬁﬁébrtir{e ﬂhﬁﬂ Olfek e@ﬁﬂe%oﬁ?& nlu?{' ne |ine

ing e 11

connec a e por rst-stage

nodul P&ﬁﬁblﬁ%@emlﬁrst@msalﬂmﬁ IpYarit hehé&re xthe splaggity of RO
brine can be used as dilute saline solution at step

fdulels aonstitlife alferanstage, the modt-stpgt isephrators bave adooeateh pump in
RO nodul e, of tE}éLlrst stage. Jn par %cular brine 1
ﬁ@mn%lﬂ%l@ﬂsé?ﬁ & DEEGSage LBHiSe CPHEL 128 Re coBHih brine line

FSUIEIEE SR 1 02T SRIRESHARL T e oo,

’f‘ﬁgﬁ:ﬁg%ﬂ@ ﬁle')?tl-étagé f)ru%léﬁh Boesad ad Hﬁuﬂ%' s}ahﬁé sbbatioh at step (a) of the
s has a frfont-end perneate port and a rear-end

pleaniagtmethod applied ontumite aa¢hoROnimptulehe! the firstastage. o particular,
side of the RO nenbrane, the co n perneate

thst meé@wtstagﬁ Sppar@tqrgn%bm mtqdcwt e CP@&‘N‘EPEW&?@F%FQUOH line,

B3 el ooEn nEREH Sume it ipeChO L e R ARRAER
Comm[kd%%ﬂfég qtf'é&@ i bf o gﬁﬁghtypSf ﬁﬁﬂﬁﬁespﬁﬁé 8 front-end

of the to t e second sSourcé, ,

petmédte tp}?)rtozind\/ alreasendapehnﬁarmpoﬁdaﬂtomtnUmeahm evitir the permeate
open each of the ports and common |ines and to, feed
sidetofdhe Rexmeimbrare, $ag coramon nerments cplleptionsline lscconnected to the

press re P04 or PO t- e ear -
S S oo D 2 G RBhes a second
Q&ﬁ%é WYrSseEHd dilute saline solution, a common line connecting the front-end

—‘-l

permeate ports of the RO modules to the second source, and a plurality of valves
and pumps adapted to close or open each of the ports and common lines and to feed
each of the dilute saline solutions with osmotic pressure PO4 or PO4' to the front-
end or rear-end permeate port of each of said RO modules under pressure PD4.

The cleaning system preferably comprises a tank with cleaning agent, a line
connecting the tank to the source of dilute saline solution, and/or lines adapted to
feed the cleaning agent to the feed ports of the modules together with the

concentrated saline solution during step (b) of the cleaning method.
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The cl eaning system preferably conprises a tank with
cl eaning agent, a line connecting the tank to the

woeaudme20f dil ute saline solution, and/ or |inesCadevee)09s4

to feed the cleaning agent to the feed ports of the
nodul es together with the 30 concentrated saline
sol ution during step (b) of the cleaning nethod. WO
2004/ 062774 PCT/1L2003/000984 If the desalination

pl antydpe! X& aBé REit e8niiceted to th
t he Etﬁgtd%g?ﬁlﬁlﬁgag%gﬁ}g&gftlg?? henmﬁggpcl eani ng et e

A58 bane dichingetondet, toempth skeaningosystean mayythes ¢dmpnidest booster
port connected to the second brine discharge Olit | et
purdpovith étletport conseksctodhe secandcbrisniisRaEs Aatlet and outlet port
collection line. 5.According tp an alternative aspect
ggnneied §p dhe.commeprie ?le tﬁ%l} ﬁn“?'s provi ded a
si npl WLh&ind tgva A6 f L8 £ dROis provided
ooy AgEing 5] AR e ofthE B0 iy ey provide
akpuplifidd erindihglSmegiodef ¢leshing rpfousetsRG) mehdmgnap 4 neodule for
gauge pressure PE 1 to a ﬁgégﬂt i.ng’ gauge pressure PF
RO supataticamesrdegeribesi abovel nising engEwecoRnsIseS sur e
PO so that . ,a pet driving di ential . to APN _
resul &) FRANENETHG SUEEH Pé"ssgw@lﬁﬁ ﬁiﬁ? ppsgting ggugpresgiyg FF1' with
] terpat | j : :
BErRRE FENE DGR PR SSHEIE rRarhe PCPERo hally AUHIRg gffferential
NPNDirEQAtiRE fr8mt presk@ed BOde PONe PROOVIPE! iviedd be directed
direct-osnbsis cleaning process is perforned, while
whematively ABNhiesfeed rsedet end tthe poemense ride of the geembraae,Rehereby,
menbr ane perforns normnal eparation; 15 b). . .
whendihawhRY ishdirected daths ﬁ%& g othet éfﬁﬁéﬁgqudhdlcfﬁ%'osmom
separated foul ant . through, sajd r.ear -] Iy
SRR R b Dforsdary e R F AT s Wi o permeate
gflﬁ%,zﬂ%%%b'rﬂerﬁf)ﬁﬂf: g@foﬁﬁs ﬁf}nﬁaﬂq{@éef?ﬁﬁﬁb!&r y plant. The

-osnosi s cl eaning nethod of the preesent
i nvenb)) evitiplrawingethearan2 Salinerdodutiaf topeftwer veidlv sl sgpasated foulant
Cl eaning of the RO nenbranes in a train of RO nodul es

thepugle spidrearenscbrineaprt; dpd @ptipnallys turn with each RO
) el A SRR A B v

ﬁ ning of the nenbranes is so effective that the
age of ultrafiltration 25 pretreatnment nmay be

ski ppaghef et ishivsy Elépgingomettivd vAtles present énvdntion provides a
InE;/n%r; Io¥ Elaj or advantages:

Cleaning of the RO membranes in a train of RO modules may be performed
continuously, in turn with each RO module, without interrupting the operation of
any RO module and the desalination process as a whole; .

Cleaning of the membranes is so effective that the stage of ultrafiltration
pretreatment may be skipped for certain types of raw water, since the inventive .
cleaning method can remove fouling due to suspended solids present in raw water.

Spirally wound RO membranes may be thoroughly cleaned from

accumulated suspended solids, scaling, and bio-fouling;
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woendriazies may be t horoughly cl eaned from accrauiieioezioo09s4

10

15

20

25

suspended solids, scaling, and bio-fouling; WO

2004/ 062774 PCT/1L2003/ 000984 -9 RO nenbranes cl eaned
by this nethod will have | owe?—pressure drop
(hydraulic | osses) than nenbranes cl eaned by known

et hoge) andnMhahés (haned dye this avethedWaill riesii fodebrf pressure drop
desal i nation; The gauge pressure at the feed side of

(HydraQcriosdzs ptteni membyaes| dowedthyaknown rhethgduiged will therefore
pressure at the perneate side, thereby preserving the
save@gwer yegtiredrier dasehiBaes; Operative pressures and

g LU BRSO RE Ay gnce
H - .- t - i
eCe 2 Pieshite RREIIHARAL Sl ahEleby! Des Ui TR Iniedlly of the

ARaramat i on plant practically does not change during

a cleaning operation which allqws to save f e;(% and.
r educOpersive prresshrespngpEorkiepdsdr yRgous party pf ficspigption plant

S GBTRE b oI50SI b Bt it of

I ne: | gestored in the cleaning process: 15 Wen
ggeré@%.@m@r second- stage brine penetrates through the

menbr IRe Julpiithef fheeHigh-Beeswire (Puinpingr groapdhithe desalination plant
pressure, it acquires the higher gauge pressure of the
pereticalty deeg atot tdhangosturing acdeaning mperdionosfueh @llows to save

pressure at the sane side). Then this higher pressure
@ﬂefgﬁéngé‘?‘i%ﬁt‘@a?@ G pym ar;cﬂmp Senergy recovery

ol ant 1, g, B A0de BN dichAeis/diOD fogAIPHiAfahe eneray spent

st age f process to be utilized

?P&{j@e dint oV leYperihieHr BIaSEE! Bl 1ShtoFEDRAVEIREIIng process:
or

er to understand the invention and to see how it
Wélyerbperamatd @dsecond-stage foretpienetratos dfrengle theemsobiranstoghe feed
W || now be described, by, way of nogl-.l Imti ng fthe foed
sxdgripitie Bigher psmaiie prossvrsy Eicguires thedigher sayeh presgure of the fee
drawi ngs, i kch: 25 Ei i e f i .
SR end dtoncepbashie Miporotf aerbie AR s 8. Then this

higher pressure of the permeate is utilized in the energy recovery plant.
The method allows brine from intermediate stages of the desalination

process to be utilized more effectively.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out in
practice, preferred embodiments will now be described, by way of non-limiting
examples only, with reference to the accompanying drawings, in which:

Fig. 1 is a scheme of a prior art desalination plant with a plurality of RO
modules; '

Fig. 2 is ‘a schematic longitudinal section of a RO membrane in a RO

module in prior art normal desalination process;
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modul es; Fig. 2 is a schematic |ongitudinal section of
a RO nenbrane in a RO nodule in prior art nornal

wdes@loezrati on process; WO 2004/ 062774 PCT/ | L2088TA0DOBE0984

-10 Fig. 3 is a schematic |ongitudinal section of a RO
menbrane in a RO nodule in the direct osnosis

cl eani ng process of the preseft—invention; Fig. 4 is a
schenme of the desalination plant of Fig. 1 equipped

Wi th g §ligapiseRemdied eon@iudiitd RcHSRNSS hMREnhiepibrafe in a RO
Fig. 571s a schematic cross-section of a RO nenbrane

Iinﬁdlﬂe Iﬁ@éhmdir&cm psmpsis chagingspriosess af thepeesent invention;

ongi tudi nal section of a RO nenbrane in_.a RO nodul :

in a Kigr #aisi arschemenel the desalinatips rlagy @53?1891 pfi%‘&%‘g with a
Fig. 7 is a schene of .the desalination plant of Fig. 1
‘éﬁ*ﬂ?%%éﬁfﬁ%t(ﬁ%&epreé%@%mt]&neani ng system of the

pres ' @%\? ?%ﬂe%‘fétic]&o@e%%ﬁ@f RESSR ibiable #Ta R module; and

I NVE reference to Fig. 1, there is shown a

priorF b Wesachambiio floﬂ%iﬁ[ﬁinéloseccbﬁ’p@f 2i RO membrane in a RO
plural ity of modul es 12 for RO separation connected in
madalelinla, vasiatibn gf ther diseot oempsigsieaging OpeSHPP) 14 wi t h

vari abl e _frequency drjve (VFD) 16, 15 ener ecover .

o oupRIERGS. 4 schitc: A dbe civainatinl DRt 98 Bl comirasd with a
neans,, Lexpl al ne I ' erence also to Fig.
f,ycggcﬁlsé%ngggﬁplgl %nggégg%%gp%@%t ed housing 18 w ? h
front end and rear end. A RO nenbrane 20 extends

between the front end and the rear end dividing the
i nternal volune of the housing into feed side and

@?ﬁ%ﬁ@iﬁ)@?ﬁ?@lﬁ%@%@ﬂﬁ@e@%TZI@?‘JE2?r conpl ex

Shapeéyw-asS .

conoouith reigRitPe 1 FoedL, dere K ShofffHGAGE ad dafnation plant 10
s L

CHPASE: ey (PABLIE® IR0 el Loty el

hivhichressiee plinpirez weotyr GARPP 04 weitid varighte -feeqnepey Wisiyed VFD) 16,

port 28 and rear-end perneate port 30 in.
eesray feeoxerosranpt (FRGik ?'b aRaBieEoanaging Piping angscontrol means as

g}?pqg{nggebelow. With reference also to Fig.2, each RO module 12 has an
elongated housing 18 with front end and rear end. A RO membrane 20 extends
between the front end and the rear end dividing the internal volume of the housing
into feed side and permeate side (Fig.2 is simplified, the membrane may be
pleated/folded and rolled into a rather complex shape, as shown in Fig. 5). The
membrane 20 has, consequently, feed side surface 21 and permeate side surface 22.
The housing 18 has front-end feed port 24 and rear-end brine port 26 in
communication with the feed side of the membrane 20, and front-end permeate port
28 and rear-end permeate port 30 in communication with the permeate side of the
membrane. ‘

The desalination plant 10 further cofnprises a common high-pressure feed
collector 34 connecting HPP 14 to the front-end feed ports 24 of the modules 12 via
high pressure feed lines 35; a common high-pressure brine collector 36 connected

to the rear-end brine ports 26 of the modules 12 via high-pressure brine lines 37;
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The desal i nation plant 10 further conprises a conmon

hi gh- pressure feed collector 34 connecting HPP 14 to
woheosfoeznte - end feed ports 24 of the nodul es 12PgiTAL2003/000984

hi gh pressure feed Iines 35; a common hi gh-pressure

brine collector 36 connected to the rear-end brine

ports 26 of the nodul es 12 will i gh-pressure brine

lines 37; WD 2004/062774 PCT/1L2003/000984 -11 common

dotRthoR SEdFBRMHRe &R oBEE®! 38 ormtAaTioatle kearldid geemeapbrts 30 via

I
perneate ports 30 via rear perneate lines 39; and
ranpemdatotihepsdmmad eomaidnefront petteateneeisctat 40cotnected to the

%%r.?t[]endaot D aEREAED S V8T PEFBEHS BRCHORK oxchanger s
. [ 5 52 .
coi | oo ERE 7 cBERisre e 300 of ARRE Ehivieds 3, 1 8 ilspion pump
%ZI) g Crﬁ‘f;ecgegrtggﬁf ?éédsgt?ﬂegf%%@, highhRE/RS BFiBle RAleNS84 connected to the

r et | Ow-pressure feed inlet 56.
Dinge d6lsattdmn36,i lonv-prespiire Itines disolmarge toatlet 65 aareblovepressure feed
raw sol ution (seawater) such as water pretreatmnment
wleddé. (not shown) at the inlet of the HPP 14 and at

the jo feed inlet. 5 £ th 17.~ Qut |

per rrnglil"e d%??flplété?tbpkmg 538 %ﬁmﬁ’@gg&ég [?%ﬁﬁ?&oefa Wo oﬁgﬁ{no(fseawater )
] ,

OGP BRI SRk ORI DRI LRI e

28" inRA G 6P6H R AERGPEfoup 307 . @utkas bf Permeatd wolledtdrssd8 aad 40 are

to prevent increasing of the pressure at the perneate

somecteddp nelbseparatingustagestortireduesdanies (et slowpn)yCGherk yalves 58

e P i 6 Sy SR ARE B 47 et RO

be .e iy b I tj i

ERgSHELER At Bie S RePR6 o ot e BERRLR o, 28 PR ylap gver the
REGIrE € tHeY 288 YR, X 1URSitPbF PAlvenso, 615 63, 69 ard ddiptdd close or
xanple. Pretreated seawater with osnotic pressure

BPén eachdftthe abovesporpd arelcanmmbh dinssiag with be explabfedtiRiovi4

and the feed inlet 56 of ERG 17._ Hi gh-pressure ff&d.

wat er A pomal gHP| Eparation BPECss 18 @R@geéﬂwloﬁdﬂ@%t will now be

ressure PF1 =.65 bar enters th Ple] sPRIN o]
BEtereto b 3paic PORaR s i P19 i abloiRtlithe AGhple
front pengd E%?%a\x%%rt@itﬁ%s%tﬁrﬁreﬁd?ﬁe fPegr=s3dRirgé s@lied to the
nodul es 13. e excess pressure AP = PF 1 - POl = Q
badtionr sidesf HPP IMabed thofdeddnlee 56vdER Gi1de Highphessiw® feed water
menbrane. The obtai ned perneate product has_| ow TDS )
sapplisdt romd BB ansk BRG engdetegaigecpressure PF1 = 65 bar enters the high-
pressure feed collector 34 and, via high-pressure feed lines 35 and front-end feed
ports 24 enters the feed side of RO modules 12. The excess pressure AP =PF1 -
PO1 =32 bar drives the water to the permeate side of the RO membrane. The
obtained permeate product has low TDS content and low osmotic pressure
PO2 ~ 0.3 bar. The permeate is withdrawn from the permeate side under gauge
pressure PP2 ~ 2 bar. Hence, the net driving differential across the membrane is:

APN = PF1 - POl - PP2 + PO2 ~30.3 bar

The feed water salinity and osmotic pressure increase as the feed water

flows towards the rear end of the module while the gauge pressure falls due to
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25 P02 0.3 bar. The perneate is withdrawn fromthe

per neat e side under gauge pressure PP2 2 bar. Hence,
woheod4rver77dr i vi ng differential across the nenbr 2a®/1L203/000984
APN = PF1 - PO - PP2 + P02 30.3 bar The feed water
salinity and osnotic pressure increase as the feed

water 30 flows towards the—Ear end of the nodul e

whil e the gauge pressure falls due to WO 2004/ 062774
lfﬁ-rrédﬁcz 9%%50 Oﬂ%%gfolre ltheh¥élr aMling HiPRe&itial HaRE,CAd Ghe permeate

he net driving erential fafls, and the perneate
sadihitpiviayiey alorgs ti)d oRenbrinee. sy ailfeobfﬁinm pttrtrmatfbcm bedlivided

perneate can be divided into front rmeat e \ﬁe
mpsfront gagneate dowaral PP imangisrred Jtie %ﬂtm@@@%ﬂe egio 40, and

S Rl s T et RShed DBl AR
t he r PR sfa@xda t& thhfeabh %dtéé rlg drdl &Y b red dik by hfgh'-s&ﬁmty brine

with osnotic pressure = 58 bar. It exits the

WaHUbSndE: pRekstre) RAE= 581tasslir exiRB3he Rid inadulei aztmuier gauge
rear-end brine port 26, high-pressure brine |ine

pesars PRje= ﬁﬁdiér Rgnaa ﬁmr@r@nd Rsinepare 26 ohigheprasiyre brme line 37,
t 7.

GHEBht R BTeEaR BTEE Ft eqt%r 5 3hend s B ERCE 1 g the ERG

@1 ;}%@?éﬁ‘e Suaﬁﬁﬁ@ﬁf €9 ihih dtﬂaet F water while the brine is

y con ains po enti al ants suc
SREREEthrHadH fhelflet 59r gani ¢ nol ecuI es live
mcro rgani sirs or di ssolved salts which may form
scal eThe Beaviaier usuallp contains pefersinp foulants such afesusagm@ﬁdtrsartlcles

S T L G
nc.r e t

eiseof %iaag%ﬁg m a%gka AL acf‘%\fxﬁlﬁa e%t%@%‘e% di& of the
@?ﬁ%bra!n@vﬁ!iﬁthlﬁ'{haft g & eadidise 1%“ et EXBiHRhd Ni@sreaYing the

irect osnosis w | descri bed in detail. Fig. 4
1:1 li¢ hgsésavent i ve cl eani ng syst em integrated with
desalination plant 10 of Fig . The, latter_ h

addl t %ﬂamfyreace e diigs- St %rgie Rﬁ)erﬁYétﬂ% agg thg fetbeyl of the present

}I@[gg{l&é S iR Emﬂ?%ﬁ@) {nen?arss s cgfec?gg%ggg Wifl 2&escribed in
Hgtraﬁeﬁfge 4%0&&%%@ ﬁ% tRe 51%%1 EysternliARBrA6S HitlPae desalmatlon ,

transfers t seco age perneate 71 to the

EIaﬁﬂtIOIQﬁflmga‘l eThelldtestins alditicnatly adsccohdsstgee ROsinddale 68 with
rine to drain 72 through val ve 73.
middle-pressure pump 70. The second-stage module 68 receives rear-end product.

(permeate) from the permeate collector 38 of the first stage described above,
transfers the second-stage permeate 71 to the front permeate collector 40, and
discharges residual brine to drain 72 through valve 73.

The system for cleaning fouled RO membranes by direct osmosis comprises:

a) a pressurized source of dilute saline solution such as brine from the
second-stage RO module 68 with a cleaning booster pump 78 having a variable
frequency drive 79; '

b) a high-pressure cleaning collector 80 connecting the rear permeate ports

30 of the RO modules 12 to the source of dilute saline solution;
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The system for cleaning foul ed RO nenbranes by direct

osnosi s conprises: 25 a) a pressurized source of
wdizbutoe2gal i ne sol uti on such as brine from t hePCT/1L2003/000984

second- stage RO nodule 68 with a cl eani ng booster punp

78 having a variable frequency drive 79; b) a

hi gh- pressure cl eani ng CO||€C£%T 80 connecting the

rear perneate ports 30 of the RO nodules 12 to the

sour cg pf) gtlﬁuﬁaédmeto‘icsmch@lectemaﬁﬁﬁléhazfézdt ports 24 of the

PCT/ILZOOS/OO 984 -13 c) a cleaning brine collector

IR@IQOmﬂegted to front-end feed ports 24 of the RO

nodul es; a cl eaning booster brine. pu

i nl et )cén‘?lé%ltlég haosterebmpg pEmpc St Wéiholn ZCOIH’f?Gteg'u‘Eq ghe brine

e

each oogilg 85t ﬂ?é‘ﬁoﬁt)—eriﬁ Prieatd lsottsois ¥éacmSGule 87; and

88, a 39 adapted to close or open each of the above
port sfl)&nplu@a:lity eftvabwes &0 85 88pamd BYwdpptefl do mlosg @foptamesach of
normal separation process and the cleanin t hod on
thacihorROPeBd @nd doHeeigrsn sos taiallonhRerdgmsy r?%dﬁe © Permgg), separation

]élrg)c%:rq%e enh Lve gilgfé m(ﬂg{‘; E‘géqhﬁﬁ ﬂqé)%ﬁLq ﬁ\dtwrﬁ gas\%gﬁpgé ?xplamed

gélg{g, val ves 60A, 61A and 63A associated with the

ule 12A are closed, while the sane val ves on the

ot herTﬁ@ﬂ%ﬂﬁb@&le@ﬁ@g@ﬁeﬂi@d dppliedddr exdmgls to dhieRAr module 124,
in solid black in Fig. 4), whereby the nodule 12A
worksﬂntth@foih)wmgvm 15 process; b) stop-val ve 62A

rodul § $9R-VS RORe RO TS RO pheBe piaule 124 are
?‘H OF Witld ﬁl%t é:%orf‘ ttlféoot‘ﬁ@f Rg)élﬁl%ule% 4l ?@%e@(@osed valves

CIeanlng oos rine oper a
seedi8in thelidrilac ﬁi B g 1), twweby ﬂhe?lfnﬁbdtﬂb” Ay hyuithehé aednal RO
side of the nodul e 12A i n reverse direction; d)
piroeess; eani ng booster punp 78 is operated to feed
second- st b t th
menbr Bh to?)gx?allyél Eggcr@g@ulszgpengagsv te?eb%I o r‘égr-éncia brine port of the

module 12A remains connected to the high-pressure brine collector 36;

o) stop-valve 87A is opened and the cleaning booster brine pump 84 is
operated, whereby the brine starts to circulate through the feed side of the module
12A in reverse direction;

d) the cleaning booster pump 78 is operated to feed second-stage brine to
the permeate side of the RO membrane in the module 12A; and

e) the valve 86A is opened to drain the remaining second-stage brine from
the permeate side. .

Fig. 3 explains in further detail the cleaning process oﬁ the RO membrane
(the pressure values are only exemplary). The second-stage brine (Brine 2)‘ has
osmotic pressure PO4 = 13 bar and is fed to the permeate side under gauge pressure
PD4 = 33 bar. The first-stage brine (Brine 1) at the feed side has osmotic pressure
PO5 =PO3 = 58 bar and gauge pressure PC5 = PB3 = 64 bar, as in the normal RO

process described with reference to Fig. 2. The net driving differential APN is now:



e) the valve 86A is opened to drain the remnmaining
second-stage brine from the perneate side. 25 Fig. 3
wexpldmerg4i n further detail the cleani ng proceBeTamoDII@0984
RO nenbrane (the pressure values are only exenplary).
The second-stage brine (Brine 2) has osnotic pressure
P04 = 13 bar and is fed to thie perneate side under
gauge pressure PD4 = 33 bar. The first-stage brine
(Brine 1) at the feed side has osnotic pressure P05 =
PO3 = 58 bar and gauge pressure PC5 = PB3 = 64 bar, as
in the normal RPNG PCHe P dBPdrHi BOd ~ildhbaref er ence
to Fig. 2. The net driving differential APNis now. WO
2004/ 062774 PCT/1L2003/000984 -14 APN = PC5 - PO5 -

wher obbN: s diipatal 10 dhe (Rl aldy ofife® WS malicis uied from the
5 Igénﬁe?’%aﬁge g oRt@ﬁe i g@ﬁl‘é %E&i QideJTRe WRHLQY n%enetrates into the

enetr S in I nterface between the nenbrane

ARGfice dehs etk at@tbiae had tie ftunmitated émdants 64, adrbseparates the
foulants fromthe nenbrane 'surface. The first-stage

foulants fromethee membrang isorfapeuThat Srststage neripr ngetice gvith. the
(Bri

N CUTRE Nt E R A —

B . > .
TRt et Ot o ples BERARRT, 18, R R DM PRAIAIR: losses in

10 HRSEHRF afdifh thbesslabidne. Dhé Beodter brivee HOAPA restores these losses and
hi gh-pressure brine collector 36 for passing to the

fe@hs 1ife bithe to¢he dornmiomghighsfressan brine calledser 30jfos pasging to the

PO - W i SREFE $7 DF ORGP B g e pressure

desal i nat | oqgﬁﬁ t, the 15 direct-osnosis
%ﬁgﬁﬂlﬂa%ﬁ% ?ﬁ'e present invention can be
appl i fdwAn Heuﬁbréélateﬁ%ﬁt BOthO dpbeitiba &y teniésatinagoroblant, the
val ves, wtho Interrupting the desalination

15 piregasmosidvleatiaganethby oftthe ppesent inaveitign wan d&e applied in turn to

acquires hi ger gauge pressure at _ the feed sjde PQ%S’ o
eath RA) moghles i by svatehing of valvigsnwithput intermapingethe; dpsalination

S SR S i BBl s
PPl NEdL B ard is%xﬁ:gﬁf% 66l 1dtBr f@mb@TtBtRE sPiteSh the energy

osnot I ¢ pressure o atter, is restored 1n the

£dcRRBIyN GrdupOtESEn tHibeway, | pire ofcthaténengynbpadt fos sepewition of the
source of water in the cleaning process . .
20 permeate from the brine, and preserved in the form of higher osmotic pressure of

the latter, is restored in the cleaning process.

The dilute solution which is used as source of water in the cleaning process
may be taken also from other stages of the desalination plant, or from other sources.
Fig. 4 shows (in phantom line) that rear permeate stored in tank 76 may be used

25 instead of second-stage brine. Raw seawater may be used as concentrated solution
at the feed side instead of brine. For example, seawater from the ERG 17 may be
taken before the booster pump 52 and used in the cleaning process. Cleaning agent
(not shown) can be added to the dilute solution, or to the concentrated solution, or

to both.
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may be taken also from other stages of the
desal i nation plant, or fromother sources. Fig. 4

wehownetiTm phantom | i ne) that rear perneate st BCeALi0N3/000984

tank 76 may be used 25 instead of second-stage brine.

Raw seawat er may be used as concentrated solution at

the feed side instead of brir®.—For exanple, seawater

fromthe ERG 17 may be taken before the booster punp

52 ang tHs ffvenfive BeetkbEané ggu%a Pessifte aCliRAREAFiIdRIETS is between

(not "shown) can be added to the dilute solution, or to

thé dccbwaten prassect Riol and tre, osmotia presotrd of W@ fedavgepP@4 in the

PCT/ 1 L2003/ 000984 -15 In the_jinventive nmethod, the .
pseasse e SHiger HEsSY FD Pasiedwmeniseride it genificantly

R§p
f.eed ter pressure PE and th ' e .
RS B B B 3 ol B PR o SRr A bvice AP
r : I i j .
APARR BEERUADNE v IR WSB! B ower B e oo
prégsufebftle $Bnprsoltivn, atthe dsed ddgrtheiety akbNling tie batastrophic”

to the feed side. The net driving differential APN is
filination dasaribeddn deeBackgrowidssure of the saline

solutjon at the feed sid thereby. ayoi di ng.t he .

" cat abi§ @Hﬁ}' @Evanpqgetl? ilkqs&qte&lelgﬁg%% d;‘l”lpiyu{lg]gchematlcally the cross-
r . i i t a 1 n . .

BRI Ay e O3Rehbrbld 00 KepRar i vty

;%é%ﬁaeasle BéemARrial 98 4RQ Y ierBe bRBvéch thleantmbransi fobds at the

I-ghly O perneabl e spacer naterial 93 and 94 .
fend sidecahd ttenpementeesidenespensively dbeanemheangds dodedjnto a very
and t he perneate, si

O o2 g s SRS NS e e AR oGS g obe 93
| S i rted in t dyl ' . '

isepergraiada bl H, Bl Maditl J03ohRASE he Sront-end
QANGRL HA8 28hadthe RarAd &eﬁﬁéﬂ’@fﬁo@t I0td thédermeatehide of the RO
ear-e pernmeate port 30 to thé perneate side of the

Rembpanedbr KrenZee sédn thah thee didetersolution (freemdite)cen easily reach
enenbuna pa achRsepb Ky DR FETRRGIS BT, D65 A B 2qg Sridoweve, it
WAL B eh e 4P BN BN e Qe MR Lh 6 reach remote
TRAREANEpRALLE, 08 paDIRSN. AR R, PR prbint R stofs e ne
a6 0mbatifrential ABN fohise siguliited sathat ¢hes diluteisaline solutiemchn reach

20 the renote parts of the nenbrane before, the \N}E(l%if
ihe rendte ghats of dhe dnembrane bk theivrieiis eniselyesasked to the feed

gigtre% %?e rtngr%b?gr{ettﬁro%dgjh%ﬁg Bgrté gdj'éggnt RS &%e;?etn%e% eacrflﬁgrllelq)%'.

The efficiency of the present method may be enhanced in the following

ways:

- Alternating from time to time the feeding and the withdrawing of the
concentrated saline solution between the front-end feed port 24 and the rear-end
brine port 26, for example by reversing the booster pump 84;

- Application of pulsating gauge pressure PD4, for example by means of the
VFD 79; and

- Changing from time to time the gauge pressure PD4 and/or PCS so that the

net pressure differential APN is reversed towards the permeate side, whereby the
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The efficiency of the present nethod may be enhanced
inthe followng ways: - Alternating fromtine to
woio/06te4 f eedi ng and the withdrawi ng of the PBET/IL2003/000984
concentrated saline solution between the front-end

feed port 24 and the rear-end brine port 26, for

exanpl e by reversing the boeskéer punp 84; -

Application of pulsating gauge pressure PD4, for

ﬁﬁrnp rafifbct o§Maslg ic@niigoand normal

IgéE}HBJg\ﬁeWﬂ %lu%{é]ﬁ%a}tie{gsurzgn%m and/ or PC5 so g?al’?at
RO8e agtlﬁﬁipr(weg§sure differenti al APN IS reversed

tovvards t he perneate side, whereby WD .2004/ 062774

PCT/ |1t 260 3recrnpoeniated hatres mcﬁﬂnéewaltﬁ plptign fows along the feed

s ShibRmpbrng: G sxaimbfs S e 5o ol kAR AE AR BRY (Brine 1
%lmtgh%n ﬁﬁ%dk%g ﬁﬂ él“ ftb B%B{lepﬁes%&rﬁﬁ BEnfeges. "ﬂhéﬂ@o the net

rane, r >exanpl e m the rear end towar

dd@nk '@fbreafifl ABN dignidishés 8o faind. thd)membwdnt akeasingomay become
water, its osnotic pressure P05 di m ni shes. Thereby

ndreunifornd if notrstppuatfafle fe e folloming embpainsmdst §|c]5qgmg}g§nethod of

A s SR ol s
t hod ’

%@8\112:8@ s[eﬁfg § élﬂg?esﬁﬁ 61{“159{3{__(!8?&1?% %1%1?651‘1’&559 p‘r@ssure PO4' lower

van age pur pose,

5840 @ doed'fbﬂbﬁalﬁ‘SieUtth@@earSenﬂfpémﬁ@tb wimht PO4' ~ 0.3 bar
%gﬁm}flég ng)g@u?e PO4" Tower io than P04. This may be,

from theanmit 26 shéven e Hig. elnAnpdtenrﬂamlepmssure POMD, ©. czkea@mg collector
fromthe tank 76_shown in Fig ot her

mdjhalyes & ﬁbowa)rgre addedda ﬁpﬂ@ECé &g ge%l?em%?ﬁt? Regts 28 of the RO
ded

St 19 B in i GurBR 0P oo AANRSRligt BRGRT PeLTEaLE

di | ut ghé %bélﬁﬁoﬁ Qe igﬁg)ro%& rrfb‘ﬂ%@is'lﬂﬁstﬁfted hethi R it view of

met hod 1's*1 ustrate n the schematic view of 15

Fig6. Gt diffeddi frbar shd operatibe spevmiin diigshdunthiah tie gcccgld dilute
in that the second dilute solution (Rear perneate)

IS
fs@ldtmm (Reas premeaie) & fedde the permsaty yidaviasihg fﬁﬁﬂtﬁégtpéﬂneate port

Eg ré’ﬁue? q%g%{: g%?ggrfr%gs(eug% ?’iﬂf &f %ﬁ o epEDﬁle !:&%cebﬂ‘ﬁted solution
% t1 earﬂqhgfﬁ{)ﬁ}eeﬁ(f ?ﬁ‘i} tﬁbdﬁegesg&é"%%c&gleg'sbuaﬁﬁe& h#iht itk Sosmotic

t1c pressure s to t hen the net
BdswireEamk {f POSTE ialbar\BiNrdheney afivislg différential APN will vanish and

the water penetration through the membrane will stop. However, by feeding rear

permeate through the front-end permeate port 28, we obtain new net differential:
APN'=PC5 - PO5' - PD4 + PO4' ~ 64 - 44 -33 + 0.3 =-12.7 bar

~ Thereby, the water penetration and the cleaning process are effectively
restored.
Using the principle of alternating RO and direct osmosis, as described
above, the method of the present invention may be simplified to "rinsing" of fouled
RO membranes without stopping the operation of the RO module. The "rinsing"

method comprises:
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20 the water penetration through the nenbrane wll

stop. However, by feeding rear perneate through the
wonontoszrd permeate port 28, we obtain new net PCT/IL2003/000984

differential: APN = PC5 - P05 - PD4 + P04

64- 44- 33+0. 3=-12. 7 bar 25 Thereby, the water

penetration and the cl eani ng lprecess are effectively

restored USI ng the principle of alternating RO and

dire %he Q%rggﬁ/s %ﬁﬁé&eﬂesﬁﬂé%? thd fd TR IR0, EB‘V]?I Beout the

prese t |nve tion may be sinplified to "rinsing"

JsedtRdpreRAraaTO! a0ethatiichavirags appdriginghdiffepertad AN aksulting
t he nodul e. The "ri nsi n% 30 net hod conprises: WO
franpresars P PCPOL. RRZB A00FYE 45 closg tayFePower i ng t he

g\éth %t %\'yll}gg: st aﬁ ngaglfgﬁ: &)h%@]}reeegf FIEe %’eetdholgﬁgvaZDrog% éhe average
x%%i 9&%&{]%'&& Lh?i dﬁ?&f r e ntifOAPN UiPERSE W @Ratively

ose to zero; b) Varying

tbBe st A m@@t&&e'@fmaateeldﬁ oftthe nicaioraRE. Therelnowthentthe APN'
average 5 value P so that the instant net drivin

1fd |dﬁ1{jeetedrtt> ithe fordNide, sheliliredtasthasis deaning \petpcysss tsperfsmed, while
eed side and to the erneate si.de. o
Thes EvAPNNG SR iedAPIRE PRGNS P RS Firan iaa e tyans normal
]%‘ﬁe di rect-osnosi s cl eaning process is perforned,

|S|8 E’nthe APN is directed to the perneate side,

the a%ﬂgg RRE fré’sfv%hﬁ@ lsBRitionROLsBBAKEh tie; seplrabdd foulant

vvlthdravvlng raw sal i ne solution together wth the
ededrastidebrine port;andh t he rear- end brine port;

and c) feeding the raw saline sol ut

f oul aexf ec@ngﬁge ErRGsaline seluttprowith Hhg I%Hté@ Bﬁ“ﬁﬁ(}t he

2ol bEEIE 3l JRS S b 6 R el may b
bé}ﬁf&{ﬁéﬂ%hoél} g e hodfRs "Gk ?ﬁé&ﬂgﬁtbyp ROshest it idBuption of

rinsing”™ nme not so efficiént "as the basic
ﬁérﬁ?é&t@ﬁrddﬁbhp@d@étlérhéf T bieinig"i methodi ismobso efficientrashthe basic
applied to the desalination_ plant 10 w t hout t%
elegningumethoil mfeghe proseot men@omﬁnut it e l@,%méiﬁd {0 the dEsalination

perform ng an effective " version of the sane
plapk £ vethopta @géﬁiﬁpﬁ\ﬁeﬂpﬁlf’é@i is illustrated in Fig.

7 Thgn%ﬁ{g?lsh{lbﬁﬁe& %%tér‘ﬁ performing an effective “cyclic” version of the

same direct-osmosis cleaning process is illustrated in Fig. 7. The simplified cyclic

.-‘

cleaning system is integrated, as before, in the desalination plant 10 of Fig. 1, but
does not involve connections to next RO stages, and comprises only:

a) a pressure-exchange vessel 103 storing a limited quantity of permeate
from the first-stage RO modules 12;

b) a high-pressure cleaning collector 105 connecting the permeate ports of
the RO modules 12 to the pressure-exchange vessel 103; and

¢) valves 107 adapted to close or open each of the permeate ports to the
cleaning collector 105, so as to allow performing of the normal separation process
and the simplified cyclic cleaning method on each RO module in turn.

The pressure-exchange vessel 103 has a feed-water chamber 109 and a

permeate chamber 111 divided by a flexible diaphragm 113. The permeate chamber
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20 cleaning systemis integrated, as before, in the
desal ination plant 10 of Fig. 1, but does not involve

woammderi’eons to next RO stages, and conpri ses 8argL208)/000984

a pressure-exchange vessel 103 storing a limted
quantity of perneate fromthe first-stage RO nodul es
12; b) a high-pressure cl earifg—col | ector 105
connecting the perneate ports of 25 the RO nodul es 12

hg 6 Rb {EFC RAND eY 8RBAINC1OSechtd 103 Wiy eise TO5d-water
adapted t fg

o close or open each of the permeate ports to
dHaenbeg | 198Nis n@naedtbd ¢o the hiffh-pessuradetd calléador 34 via a stop-valve
perform ng of the normal separatian prgcess and

f 1l . h
hlismndth'ﬁ eddrayrcpipe 1dPevAiandrapevaye 144 & %@eﬁ@?%&eﬁ%‘%%% and
urn ressures [ 10 :
v, it RN SRSt haPR R g i he igh

' i aph 113. Th
@{%%ér%%ggf% B ST e | L9003/ 000084 <18 111 i s
i N coThyRER blRanigt frotés, apphied figr exinilettorthe ROvhpdele 12A,

the feed-water chanber 109 is connected to the
Wogts-iprthe feltewvingettaplg @slesr 34 via a stop-val ve 115,

;2? :Jeéix ét%é?%lg?ﬁi “wsoctatrd wiih & {3 Ac et grepeby the
0 e : . i
g P alS theior PRER O G Bt bt (000 Hre M O

cl eanp NGt PAE&S102PRhd 845 fags oFmdplvﬂletcbytﬂhe el watkelumder the
12A, worKks in the follow ng cleaning cycle:

Eil‘,ghpfegdl naﬁssﬁfbéemas dloé ftedewvatier khathbe amd iiEIl\l%i)CQS the diaphragm
cl osed, th le 1 [ :

£ ol i 5 S e 5 A L o
open e t.he f . j

BREBE 1A TREPEabE EEGcT: BnittRd g g ghaslie! FRcollapses to
dirsintAGESy diRe O ARNEEValvblA 538¢1dsBe, per meate from the
chanber 111 towards the perneate si de of the RO

nodul §h¢RA.revidree sdquances peefpumede i s fini shed when the

chamber 111 [ t 1 NI I
ot op- vhilbe Stopevales &1 b iscelosciimie Medigy Bge 16440 thestop-valve

AT el LA B AT RO s
gﬁ?&@g A ﬁgﬁfoﬁ%f thd'BerReAOAYS he SitEate éHagntp1MRlanfisplaces the

epar a
feed water from the chamber 109 through the drain pipe 119; and

d) The valve 107A is closed when the pressure-exchange vessel 103 is filled

with permeate, whereby the system is ready for a next cleaning cycle.

All the time stop-valves 60A and 62A remain open, so that the high-pressure
flow from the feed collector 34 to the brine collector 36 is not interrupted.

At the step (c), the gauge pressures at the feed side and at the permeate side
of the membrane are equalized. However, the osmotic pressure in the permeate
channel is much lower than in the feed-brine channel, whereby the net driving
differential APN is reversed towards the feed side, and the permeate passes back
through the membrane separating the foulant therefrom. The mobilized foulant is
carried away with the high-pressure flow through the brine collector 36 and is

drained through the ERG 17. Due to the high gauge pressure in the permeate
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process. A portion of the perneate fills the perneate
chanber 111 and di splaces the feed water fromthe
wohewe277409 t hrough the drain pipe 119; and 28Cd)L2Dh®000984
val ve 107A is cl osed when the pressure-exchange vessel
103 is filled wth perneate, whereby the systemis
ready for a next cleaning cycl®- Al the tine
st op-val ves 60A and 62A remai n open, so that the
2AaiP ?ﬁ’crk%d-lfa RWyitEPRAd BEficReE ef gk abtreschithet enidi€ areas of
rine’collector 36 is not interrupted. . At the step
the merhbr@ngauge pressures at the feed side and at the
perneate side 25 of the nenbrane ar% equal,i

ed.
Howe vk will beeapprapiated thatethe diephragiond p‘érnﬁ'ﬁ‘é?‘ﬁon HarseBfrate the
Is much.lower .than in.the feed-brin .
RETEIEHR IR DP A QP Bt B uroR o B PR JREL P A ERY ovlinder
K b
S 4 o8 8 2010 R Pt ERSBBRCDITK T O may b
&ﬁﬁ%lehfeﬁﬁbdf WRithanprdssureqegulagd taveantrol the diieing differential APN if
hi gh- pressure flow through the brine collector 36 and
neceSsargr Bienduainedr fed hwattemardberretuned baek i thenjughion side of the

B4 Joooponsea g ciramel03 TAS StciRon Buc fdtighpressure

AARL Il GRE (EOLTBeBr BA36HR 486 (heTRre A(IRRRrO86. The high-

apprecil at at t

?f@ﬁi}é WS colfechertEmanibe doansepatakihéthgernpatenpat ¢front o
romthe feed water in the pressure-exchange vessel '
idd8), of sbethd, cylinder 5 with a plunger may be used,

Corp! She ol e AR el S o
dri.vi di f.f L Ifs : '
P S 8 P R E s T, B0

t(ﬂéeene'f%P recdvery Slafl. 23RMhRpeEIv 18 Bodseistalse A3tHER Y ressere source
as a source o I gh-pressure Tluid, not only the feed

bedilectier pRésuratofahs deeddldy,iand deds| mattiequizé.a Taréable drequency
1o pressure cleaning collector_ 105 na gf connected to

drivhor otlar reempiogtad; cqoiiod of .ﬂ@ﬁ HP,Peg;tyl?llt. ue; tg BEAMmEERgson, the
abie BB R peOt R TR iDL RECRE et Wsore in he
TP RhAhel NSo ftﬁ@cdflg:] %:H@c LaMea ¥R bBsorhé Ainee¥RAES THehgvailable

energy recovery p dvant ageously, it does not use
ARSERGT oPpRAAEdte fPusRe cldanigs cyels ishBmjited slsyurtke ofoleme of the

feed Tl ow, and does not require a variable frequency
pressurization cylinder 103 but the cycle may be repeated as necessary.

Although a description of specific embodiments has been presented, it is
contemplated that various changes could be made without deviating from the scope
of the present invention. For example, the cleaning method of the present invention
may be used for cleaning nanofiltration and ultrafiltration membranes. It can be
applied to single RO modules, and can be used with any type of energy recovery

device, such as Pelton turbine, Francice turbine, or work exchanger.
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the feed channel, so that the check val ves 58 becone
unnecessary. The avai | abl e quantlty of perneate for
one cleaning cycle is |imted2®y the volune of the 20
pressuri zation cylinder 103 but the cycle nay be
repeated as necessary. Although a description of
specific enbodi ments has been presented, it is

‘ated that various changes could be nmade

an,ggtj tAo%(leeﬂlmg (gg g{@%{%@gtgﬁ@%&cﬁm thzxg es?anttﬂ%dule for RO

t
RermBitn, s i e TR 4 R & o6 3R Wrbsite permente side and
Qﬁteﬁém%ﬂﬁlt\bv% & Gropt BAY anfRe remdtidest sakhehodale, bsidusedule having a
with any type of energy recovery device, such as

Bent-end tfeedopore an&raanar—cmd brinbpod, m@onmmmc@mwﬁbeaald feed side
WO 2004/ 062774 12003/ 000984 -20. CLAI ME: b said
eetthe anemb @néaﬁp eﬁ%ﬁuP’é‘H Pﬂ@ﬁ%ﬁtﬁ%énl‘?‘?ngn%]&ml%n with sai

aRmae shb0 the °”?1H§§%n% & TR ROZ Y Rfor SRR AR the same

E}{ dh?g "ra\@rk@hﬁé s§ﬁt‘t1@n”%iﬂheeorﬁ§m§ésrgw¢dn@ dissolved
avi ng a

ont - e d feed port and a rear-end brine
galts aridha poteatial fomldnd with tosmeic préssert E(Ddi,eto said frost-end feed port
menbrane, and_at | east one perneate_ port
ebgange prassuee PRI enPOdi eollestingawsak salipe seltippcalled permeate from

ﬁ%‘go rf‘g“fnr}%ﬁtq M’?ﬁgagﬁ Rq?pﬁ% %ﬁénqnﬂ e&{ﬂ%’?f{é g%ﬂ@%?@s from said
QMndsﬁ'fnesﬂ%ﬁf E%t g% e PBF 8l PO1 ﬂﬁ: Rubei %&ﬂtﬁhlatmg at the

ouI ant pressure P01, to said front-end

freqsig® bf tHeR OtmeabgRePiAid eld:amn@l?ﬂethoﬂ’mmpmsiﬂgect i ng
weak saline solution called perneate from_ _said

per nea) dequting dilutegsalige q@ﬂ@m‘qoethpg@rmgﬁ@ sideref thgyRO membrane

residual brine f r.ear - end ne port at gauge
pmé%rs%ﬂft@emsgr%@%?aém&&%ﬁ?ss% h1 ating at the

f eed

e Tl ORI i SR SATRARAO membrne

RRUEE2hEg @Bge%s&% PGS EBQ Hﬁﬁbﬁ@@)@essﬁﬁ B@@? fa @ﬁu@@\lmg differential
pressure PD4 and osnotic pressure P04, Z feedin
QKPNQMMg&‘ﬁ‘OEHpIeBSJI‘SS)PQ41 b4, d’@i’n@nﬂ being difeqt@tb‘to the feed

RO menprane _ und ressu nd osnof i
sidss sherepypghe $o ‘éqn dﬁi 115)% sgplf:qd: tﬁ@ permeate Side of the RO

membrane to the feed side of the RO membrane, penetrates into the interface
between the membrane and the accumulated foulant, and separates the foulant from
the membrane surface; and

¢) withdrawing the concentrated saline solution together with the separated
foulant and the penetrated solvent from the feed side of the RO membrane,

wherein

said gauge pressure PC5 is between said pressures PF1 and POl in the
normal RO process, while said APN directed to the feed side is provided by raising
said gauge pressure PD4 with respect to said gauge pressure PP2 in the normal RO

process.
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APN resulting from pressures P04, PD4, P05, and PC5
being directed to the feed side, whereby the sol vent
wo0hamerg4sucked fromthe perneate side of thePRDIRID3/000984

menbrane to the feed side of the RO nenbrane,

penetrates into the interface between the nmenbrane

and the accunul ated foul ant —2ihd separates the foul ant
from the nmenbrane surface; and c) w thdraw ng the

once ' i t ' olution of ste
Sopar af e RFol CRIREN Rhoicil 38 OBt Mliye solutign of step
ftoed eiidaaobrihd subRlied fivnamotizd Rbemeidnles perdogaingenormal RO
pressure PC5 is between said pressures PF1 and POl in
sdparativnrpratesROns saidyew saking solvHPE APN directed to the

Lo L S D ) L SR 0 e
e

Et%ﬂé‘cﬁwrfi@ fnsak ighenif@d Hdn®anofhes REP médyle iperfoeminbuadrmal RO
riné supplied from anot her RO nodul e perform ng

separgtionRPocesspar at i on process, or is said raw saline
solution. 3. The nethod of C.aimJ1, wherein sai

\ d .
di | ut eThemetkod of &ilaigh 3 oPheredn spig) coneerigated éaﬁfé“r sigfign of step
tained in the s RO I L 1t :
@zgplg,squd@ﬁv Bqlg]ge%oiﬁ%an@?%ﬁéefugg Iph%gufpeel}s%gg g&hal to said gauge
' rom anot her RO nodul e perform ng normal RO
gg%?ﬁ% process. 4. The nmethod of Claim 3, wherein
sai d CORe @idthed 6fiCkAm 4 evisobintsaithrasf salinesolution and seid permeate
raw saline solution and said gauge pressure PD4 is
arpufidd tootheaespepiivgeside of the sambrapeby the spme Prose sgrce that
Caim4, wherein sai (ig r a\ﬁﬂial I ne ljg(BUt lon_and said
pEdvides the 2ange preasirs PR SRS PRBRD DFUESHt t he
nbr a . i dule ;
Bro_ gadhe HshOE of EHERP] S5HER SRERES piogile 5B Bl @R module in
}Hﬁulﬁ%tsgéﬂd&faﬁﬂt%ﬂ@&m WEsRd dilar BAliROsohdivhafistep(a) is residual
irst-stage nodule in 15 a nmulti-stage desalination
pkiantobeainkdsini anakitistage ssparator of theusanamdesalisatéen plant.i s
residual brine obtajned in g next-stage s ar?ﬁo of
flne sadbedaethpd o4iGlam ) syherein said permedte side of the RO membrane
communicates with said permeate port through a permeate channel, said RO
membrane having parts near said permeate channel and parts remote therefrom, and
said net driving differential APN is such that it allows said dilute saline solution to
reach said remote parts of the RO membrane before said solvent is entirely sucked
to the feed side of the membrane through said near parts thereof.
8. The method of Claim 1, wherein said concentrated saline solution is fed to
said rear-end brine port at step (b), and is withdrawn from said front-end feed port
at step (c).
9. The method of Claim 1, wherein said concentrated saline solution is fed to
said front-end feed port at step (b), and is withdrawn from said rear-end brine port

at step (c).
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7. The method of Claim1l, wherein said perneate side
of the RO nenbrane communicates with said perneate
weani/emreugh a perneate channel, said RO nenBCame2003/000984
havi ng parts near said perneate channel and parts
renote therefrom and 20 said net driving differential
APN is such that it allows sal2l—dilute saline solution
to reach said renpote parts of the RO nmenbrane before
i d SPhyibidor S8t Clahy [suskerin et RRdlgecisiids () and the
e menbrane through said near parts thereof. 8." The )
Wethbesviag aflsaip(c), oftherehoerssitetl salimzestlutior dre foiméme to time
solution'is fed to said rear-end brine port at step
glornatad detvecen saidifraniend fed partand sgit rearmgnd Se@C POFt

2p, o Bt o, Rkl 3t P PSPt

0 AP e SR e o
%ﬁer P29 GRS b timehhAged b th khidthepfprédsarondifferential APN is

rein the feeding at step (b) and the wthdrawing
Advesdedpotajdsahe poenexie sides whereby sl Reemodiile pesforasein said time
fromtime to time alternated between said front-end
teedaepaenmal RO SepaaliILPLoSER$- bri ne port. 11. The net hod

331 Sa? ﬂ% ﬁegh“c?cg (r)? kﬁ?@lﬁ?\ﬁlg%ggf sa@ gﬁnﬁl&)ﬁu%%}sgﬁo%t{end permeate
bGAShAY eaPbnd Pefin€iAL P8riRn SSRGS wWARbaRertreald 10 of the

ang at said net pressure
B0 hemeiahel thaMdediag inevil seps (Dvarddéd)tteingperfeaned through the
si de, whereby the RO rodul e perforps, in said time to
same-end ponted! tROresppetive 5ide, the sethagd further ¢HEPHENEOd of
Cam

per me&§ ’efe\é\érlllgzrgg% g?&gliﬁigdii‘% ens?ﬁ?#l‘lé %SRE%H‘:@; on{}%l?{n'gﬁlﬁi] permeate port

(0] . t] it ' i ' A PO4'
BRI BHER bR ED 3 AR pcpt S 1104, ] rossure
RefpRhRm ot foF QuUEl dfBe nepaRviapdiferchtioll APNedueetore €41l ofosmotic
side, the nmethod further conprising: a') feeding a .
peesonie atithe feedssitle me tlsotondeotrated sahne selvtiondhuyvs from said same-

perneate port _under gauge pressure PD4 and osnotic
snd deed porptppwvards S@d,oﬂéf‘é'realdég%&a% P04 15

G8T or ael ey p Akt 15 lneltfing Hidfile ¥\ Mining agent to, the dilute
gpf(};nmé &gﬁﬁéﬁ QFsrgﬁ @@d?&%% EtlcRliraRtisanS Q1utibwof step (b).
15

rom sai -
The method of Claim 1, including

d) feeding the concentrated saline solution obtained in step (c) to an energy
recovery plant.
16. The method of Claim 15, wherein said RO module is one of a plurality of
RO modules, the rest of said plurality of RO modules performing normal RO
separation process, said concentrated saline solution of step (b) is a portion of the
residual brine removed from said rest of RO modules, and the method is applied in
turn to each RO module of said plurality.
17. The method of Claim 16, wherein at least a portion of the removed residual

brine from said rest of RO modules is fed to said energy recovery plant at pressure
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and/or to the concentrated saline solution of step
(b). 20 15. The nethod of daim1, including d)

feedi ng the concentrated salTR8-sol ution obtained in
step (c) to an energy recovery plant. 16. The nethod

PR, Arid fﬁelaepvg%r RichdegitboRMhgrakiel edsare b€ thé cdncentrated saline

plurality of modul es, the rest of said plurality
sbluonithdrewnpd step(a) uytossidpresRoe PR separ at i on

15°5°5% a3 S o
3 TR B S L gy AL Soarin

@it RidROWAEGHBIRefbohRREd B MRANEIUMIdabRR fogseeRseeh the normal

residual brine fromsaid rest of RO nodules i's fed to

sepatatioe prneesechCrim bithadeslinptiers plant fithe2 COmpBBRIErAIsource of
PCT/ 1 L2003/ 000984 -23 PR and the step (d) includes
lsaisls tawn polution, mdths hish-pressuse feeh CwiHIn; a8 SQIUBPR figh-pressure raw

so] uti i.t hdr awn .at st C to saj r e PR:
Satutiandfed e PoRtig Bk 1ic FOnbate fRdafrb B LEOAHEto i source
Q“f‘}%fvddo'i‘&idrﬁ al QfniiBh 'Tl%h—?fessﬁe HrifelcolRcBoll GhdIcbARJRR the rear-
pllant conprirsing a plurafity of nodules for RO
LR drhlei poits o thé ibdeddsdo RAisebtinadishargawetitd dcommon permeate
paral | el and adapted to performthe normal separation
molleetion bine coanenting thp @etasate inestsi Airthgimpdules fa Adgroduct storage
a source of said raw solution with

conpri sin

i Qbﬁgg’gtﬁt%gqst%araﬁ%np; a conmon hi gh-pressure raw

sol ut isﬁﬁ%@f&?mh{)ﬁﬁrﬁﬂgpemi ng the front-end feed ports
ules

of the no o sald source of raw solution; a

conmony) hi §HBssiEees Yoerch of Beidcdilvte salimensdlutien providiagisail pressure
the rear 1o end brine ports of the nodules to a first

Mb4e di scharge outlet; a common perneate collection

line connecting the perneate ports of the.nodules to a
pr odud) SeePEE hig mze%m%clﬁgﬁmgét@g@rglgsg%?@ pergugate ports of

SR TGRS BBl PR BE O St
PD4;  ¢) a pressurized source of said concentrated saline solution providing said
pressure PCS5;

d) a first line to connect said source of concentrated saline solution to said
feed side of the membrane in each RO module; .

e) a second line to withdraw said concentrated saline solution from said feed
side of the membrane in each RO module; and

| f) a plurality of valves adapted to close or open each of the above ports and

common lines so as to allow performing of said normal separation process and said
method of Claim 1 on each RO module in turn;
19. The cleaning system of Claim 18, wherein said first line is said common
high-pressure brine collection line, said second line is a common line connecting

front-end feed ports of said RO modules to a second brine discharge outlet, and

said system is adapted to use a portion of the collected brine as concentrated saline
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b) a common hi gh-pressure cleaning |ine connecting the

perneate ports of said nodules to said pressurized
weamume20d dilute saline solution; c) a pressuPCTAEL2003/000984

source of said concentrated saline solution providing

said pressure PC5; 20 d) a first line to connect said

source of concentrated salinedolution to said feed

side of the nenbrane in each RO nodule; e) a second

doiifort 1 the &ﬂag (Byo e dn&RAE. Mt dbsthatleisai] sartiohiofbrine through

e

fromsaid f side of the nenbrane in each RO

Juidisdoend dnide fdischargeloudlet nyster (a)aif\teemethosk ed to cl ose

or open each of the abqv ,porés glnd. 25 ¢ WTEIB l.i nes

b as The elepingpypics: Al Egalm 18apdicrdn said Wsplpgt gfic common
d id. t had .Gl aj . O .

B B o B Sy g A R R Epresur

@ﬁc{jcécgllécﬁbn hinRBCar Fsai@ kPt &ATERAaptod Ehusy £p6iod dfithe eaw solution

lon [ine, saldsecond |line is a comon |ine .
SopRRehiraed shiinntolation e step (k) of theandthrd) antity dischasge said
a second brine discharge outlet, an 0 said.systemi
pattipheaf 1A sQlutin ﬁl@rpugg iyaisk Tipsh dring) qﬂé@tﬂé&e BP‘ilﬁemaSEeP (©) of the
coa}cent rated saline WO 2004/ 062774 PCT/1L2003/ 000984
meHhodo| ution in the step (b) of the nethod, and to

j sch 4l LN ' L BN said adcdas@gPndplant is a
g'i nea'giggccﬁ%r%egogg%%@t of?@%%g%( g?ﬁégf t%ae1 rret?}od. 201.3
R SteaNpIRG, SHRE pRirstity @BRO deoduleised firststigé ithereof, and the
l'ine i s said coomon hi gh-pressure raw sol ution feed
Uésatinatian plapefiotheér comprises sai d conmon hi gh-pressure 5

brine collection line, and.said sysfemjs adapt 0

use aChdr DEFrStREe SHRATANY ‘ggﬁu’t‘i%%(\{'é = Oﬁr&%%toruglpg%nh next-stage
aline solution jn. . : .and to

BetASpaEb S BideREn P sadheBhaR R, DB 205 ¢

first gpni Dgndbs GlRat-9Rge WrlR! lihé cohrguting) thef pdriveate ports of said

met hod. 21. The cleaning systemof C aim 18, wherein

phirdlityesahoddes wnsajl aext-stagesooster puinp; asd age pl ant

said plurality of RO nodules.is a first stage th

and t g suifebls| Valxes @Homua&tuw SRk nEXrTiRgs g, ga%%te saline

.~ St t | - - bri .
S8 6 A5 B el D RIS BRASE DTG, S bl ofsid
pRlAufoHmshage brine outlet;

22, The cleaning system of Claim 21, wherein said next-stage separator has an

inlet connected to said common permeate collection line, and is adapted to perform
separation over the permeate from said first stage, thereby obtaining said next-stage
brine.
23. The cleaning system of Claim 18, wherein each one of said plurality of
modules has a front-end permeate port and a rear-end permeate port in
communication with the permeate side of the RO membrane, said common
permeate collection line being connected to said rear-end permeate port of each
module, the system further comprising

g) a second source of second dilute saline solution;

h) a common line connecting said front-end permeate ports of said modules

to said second source; and
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f) a common next-stage brine |line connecting the

perneate ports of said 15 plurality of nodules to
weabw/azXe - St age booster punp; and g) suitabl ePeaiivms3/000984

all owi ng using said next-stage brine as dilute saline

solution at step (a) of the nethod of Caim1 applied

in turn to each nodul e of sai2(§—pl urality of nodul es.

22. The cl eaning systemof Caim21l, wherein said

next -5 h 3UGaREPH vl Rds didispudiips @diptad totclesrureperdativof the above
said co n perneate collection line, and is adapted

foztspend @ommere liareat dmsh tovieed teaeh md seadtdilute alisgisglutions to a
first stage, thereby obtajnin ai d_next - st age. i ne. .
mwedetvmpinefl drontregd oy deansst DETHeA PATt QhReCBi i RO fifgdules in
of .sai d. pl.uralit f . nt-end perneate
R}S@?te %g 0 @%@ﬁ&%dS%ﬁkﬁgg{e@H{é?? rléShSMéSS conmuni cat i on

MWD e H%Flﬁfﬁgts?st%hﬁ_@f Claifn 88, Raxthertsrapasing al tenk evittocleaning
perneate collectfon |ine being connected to said .
AR, - £ Nidle ponnectingy paidttank tesahl somdelof, ditute saljra selution, and a
further conprisin %) a second, source of second d'%l Lit’F i
fallingameans,adapied ) TeedoundrsIPaNITECAZEaN R caidtpuaey gt dilute saline
front-end perneate ports of said nodules 30 to said
sQlpiony source; and WO 2004/ 062774 PCT/1L2003/ 000984

%%.5 ') TRe Bleyhf is@;ﬁte@{ o%’ ?{le fi 18 N&hBEFBSmAASRE 8tahR with cleaning

ose Or oOpen €a ove ports and comon )
hddiSa aehrhen fBRJc@aRbting sail tholli tousaid Sedritreadsfedtpartssof said
to a predetermned front-end or rear-end perneate .
modulesforéadhtoosaid atat-eR0 e pestsiaf sajt ayiudesyiapd feeding means
order_and under _predetermn ne ressure. 5.24. . T .
adamior] ingles SeidhpIinTes st 1e SleBief RBF ebsd %%%dr@&gs foggfper with
1 th cleani . : | ' | to

oGPl Bl G IR heOIcag Bl D

ans i § @lgint | @awh&ginged desadinatibn plant includes
gg'urce?gﬁe%i%]qg{ggs}éal i r?e solution. 25. The cl eani r11)g_ )
& sheiy ebcdvlesy plaiiBeorfnecteddo seidnfinst biimgydischargk owilethsaid cleaning
cleaning 10 agent, a common nectin

systeniftrtheropnmprising 8poper Pumgy &ﬁhfﬁf& o PBRSEr 1 §pad second
iigg 3&%‘1 gu A 0 %0 R drthort Blifle WBHM Ry 1R

27. The cleaning system of Claim 18, wherein said pressurized source of dilute
saline solution is a permeate storage tank.

28. The cleaning system of Claim 27, wherein said permeate storage tank is
pressurized by means of a high-pressure feed pump.

29. The cleaning system of Claim 27, wherein said permeate storage tank is a
pressure-exchange vessel having a permeate chamber and a feed chamber divided
by a moveable impermeable wall, the permeate chamber being connected to said
common high-pressure cleaning line, the feed chamber being connected via a first
stop valve to a high-pressure fluid source and via a second stop valve to a discharge
line, so that said vessel can be filled with high-pressure fluid to discharge the
permeate under high pressure via said cleaning line, and can be filled with

permeate to discharge said fluid through said discharge line.



adapted to feed said cleaning agent to sel ected ones
of said feed ports together with the concentrated

weabi4me2wel uti on during step (b) of the cleani RQT/IL2003/000984
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met hod. 26. The cl eaning systemof C aim 18, wherein
sai d desalination plant incl uges 15 an energy
recovery plant connected to s Pafirst brine di schar ge
outlet, said cleaning systemfurther conprising a
Boost eThewignning Bysteth &if @lairh 20pmieedie daidohighiptessarofldid source
|l ine and outlet port connected to said common brine
¢osdid comaron high-prespurentasy salation frgddinst em of < ai m 18,

erein said pressuriz source qf dilute . saline .

Ut | G s SR ST B0, e sl ik ke fuid source
> [ . | N said perneate
5 SO TR s SR oI B, =01 ©.°
Bogh- prggssbsiheegstedr Glfim DY wheaaii Hdd susvEbl® impermeable
Claim 27, wherein"said perneate storage tank is a

wabis arfiexiblebapdwagmssel havi ng a perneate chanber and
a feed chanber divided _by a noveabl e i npernea

§ ble .
W3 |, (The ¢leaniparsysiennebdrlameilfy warawc s meveahe impermeable
conpon high-pressure cleaning |ine, the feed chanber
%qwlﬁ ac%wﬂgcfeggecﬁglgtog.fi rst stop valve to a
3490~ PIRIRUREA T bt cfbaRBIY GC AN RO FehRARAC iRt PPmbakICTor RO

to a discharge i ne, at said vessel can be
fseparationyi daid Mcphbrane having 4 fedddsitie add sohepmasite permeate side and
pernmeate under high pressure via said cleaning |ine, .
antending besweeeh dtpntient andearieanenrd phsald sadulesaigngdule having a
fluid through sai,d disch e line. WD 2004/ 06277 . .
top 066 B IR 2 (opEeng brinh @b .G IB BR B h said feed side
SR mEPART S FEAGS] oHD RS Fort i Copftiniigh Swith said
Heemehieaiid bsthet @ehdiarfd, al MoAfHal Werseparation Grocess in the same
hi gh-pressure fluid source is said com*rgrn

n

modulprirssding fbeding rewl dadineisolptionnavhich gempnises solvent, dissolved
cl eaning system_ of C ajm 29, wherein I, d noveabl

isalse ARG amotentigh foulpat with jogipofie @r%qsamféérﬁo spid Trppend feed port
cl eani n S ai : LA:Sal Y :
AP PO B ing VSR ol S prmeate with
BRIME Bressh@2PO2Y ffonh %Hi&?éﬁ@eﬁﬁ”’@bﬁnﬁt igauge Nmduge PP2, and
for RO "1 o0 separation, said nenbrane having a feed
semeviandreatduabppiise fienpsaideasreersi benapdrt, the foulant accumulating at

the feed side of the RO membrane, wherein said cleaning method comprises

a) changing said gauge pressure PF1 to a pulsating gauge pressure PF1' with
average value close to said osmotic pressure PO1 so that a net driving differential
APN resulting from pressures PO1, PO2, PP2, and PF1' would be directed
alternatively to the feed side and the permeate side of the membrane, whereby,
when said APN is directed to said feed side, the solvent is being sucked from the
permeate side of the RO membrane to the feed side of the RO membrane,
penetrates into the interface between the membrane and the accumulated foulant,
and separates the foulant from the membrane surface, while when said APN is
directed to said permeate side, the RO membrane performs normal RO separation;

and



extendi ng between a front end and a rear end of said
nmodul e, said nodule having a front-end feed port and
wa 20@6278md brine port in comrunication wth saCd1ELmezi000984
side of the nenbrane, and at | east one perneate port
I n conmunication with said psgneate side of the
menbrane, a nornal RO separat#on process in the sane
15 nodul e including feeding raw saline solution, which
conpr by ettalhwiagt thediass sdlinedsolwtiort togatintr aviffo thensepatated foulant
foulant with osnotic pressure P01, to said front-end
tlyeuglp said reastengdhrine prbssure PF1 > PO1, col l ecting
ak saline solutjon calle erneate with osnotic
Sgessu&beﬁﬁiﬁ?4Bhtgﬁﬂﬁﬁéé?ﬁﬂg?g port at gauge pressure
PP2, [ ' - hrd [ 2
br 1 ne Cpese L e A, el CRlioR (ehéinid STLEH () (RAI ey recovery
5 plae. of ‘the RO nenmbrane, wherein said cleaning method
conprises a) changing said gauge pressure PF 1 to a
pul sating gauge pressure PF 1' with average val ue
close to said osnotic pressure POl so that a net
driving differential APN resulting from pressures
P01, P02, PP2, and PF1' woul d be directed
alternatively to the feed side and the perneate side
of the nenbrane, whereby, 25 when said APN is directed
to said feed side, the solvent is being sucked from
the penneate side of the RO nenbrane to the feed side
of the RO nenbrane, penetrates into the interface
bet ween t he nenbrane and the accunul ated foul ant, and
separates the foul ant fromthe nmenbrane surface, while
when said APN is directed to said perneate side, the
RO nmenbrane perfornms nonnal RO separation; 30 and WO
2004/ 062774 PCT/1L2003/ 000984 -27 b) wi thdraw ng the
raw saline solution together with the separated
foul ant through said rear-end brine port. 35. The
met hod of Claim 34, including c) feeding the.raw
saline solution obtained in step (b) to an energy
recovery 5 plant.



