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r &l &t es o' et hod and system for cl eani ng menbr arERIL2003/600984
in particular reverse osnosis and nanofiltration
nenbranes in desalination and water treatnent plants.
BACKGROUND OF THE | NVENTI ON The *rfet hod of reverse
osnosis (RO is an effective and energy-saving method
of desalination which is wi dely enployed for obtaining
water for industri use for agriculture, potable
wat er and ultrapurgb Cﬁaﬁhﬁﬂlbﬁﬁgbggs in
appl yi ng nmechani cal (gauge) pressure over a saline
solution, such as seawater, which is higher than the
osnotic-pressure of the sanme solution, in a volune
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
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PuSTRY B ﬁ@ﬁﬂﬁ@n@t CIBELS oS R U @"S shfind S Mutlohe ok & seawater,
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 solutlon 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 saits, otiler
components of the raw solution termed "foulants” herein, such as suspended

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

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

A fouled membrane has reduced separability, increased pressure losses and

therefore has to be cleaned.




costly, not very effective, and create new

vy ooaedd al problens. A nore effective nethod

using the direct osnosis by feeding saline soIE 7G1700/000984
to the fouled feed side of the RO nmenbrane while
suppl yi ng solvent (water) to_the perneate side of the
menbr ane. The hi gher osnotic pressure at the feed
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fouled RO nenbrane in a separ ion

- ntheblhané; theosmdiiequressude ofitlt Bpicadpsiind b6tuben "8a4water or brine -
SI d,e and tht ends between a front end and a rear end of
e net differential is also high. The combination of these factors leads

- to very fast back-suction of water ("catastrophic” filtration) from the permeate side

o the feed side through the close areas of the membrane. As a result, the water can
not reach the remote areas of the membrane befo;:e 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.



nodul e. The nodul e has a front-end feed port and a
rear-end brine port in comunication with the feed
side of the nenbrane, and at | east one perneate port
in comunication with the pé&neate side of the
menbrane. The normal RO separation process in the sane
nmodul e i ncludes feeding raw saline solution, which

conp e | vent. dissolved salts and a potenti al
foulwmﬁlﬁq'hOFggﬁdyygNig@%sure P01, to the front-end
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of th nbrane,. said cl eaning nmethod conpri sing:

RO : g; .
a) f“é’gﬂlieng Impdyles s @ &Nt offed o Peth eanske eeareery ene port in
of jar Tptolg ) re P n .
osrot o SRR Wi g e BRI BRGRRL X lo@R e germeate port i
sol edmmaonitatidrneitt the pematte sitle bR heRdmBARL, ane  under
gauge pressure PC5 and osnotic pressure P05, the net
drivi ng te npemsahtRQuIsepgeationr proogssi inghé semepnediderinetudes feeding raw
P04, .PD4,. PO5, and PC5  bei irected to the feed .
o1 48 Sl R camRnEo s HERUTEY PR i 2ol ulant wit
si dRmplic thiEsdRre MIDNENRe trRnt-BRd i t
nenbrar:g,d?penetrat es in?o tnhe ir?tgélre?g@eﬂggea?' ee[ﬂ's?%& PF1 > PO,
mercbientiog werk sdiine amtudion| alled detrubatat froam thes ppanadte port at gauge
the foul ant from the menbrane surface; and c) )
wi PFAPHTG RG2t RBY (BReERE raviger! stiinenkors dhatieanenc gdamaport at gauge

Wi arf.e nd.t he peretrat ed water
Bkl 803723t M ARL A 4 ] R oo,
gauge prefideshirethsd &shpiaeR: t he pressures PF1 and

PO1 in the nornmal RO process, while the APN directed
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- 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

- c)‘withdrawing the concentrated saline‘soiution together with the separated

- foulant and the penetrated water from the feed side of the RO 'membrane,

wherein the gauge pressure PCS is between the pressures PF1 and PO1 in. the

normal RO process, while the APN directed to the feed side is



The dilute saline solution of step (a) may be the
perneate obtained in the sane RO nodule during its
normal separation process and stored, may be perneate
obt ai ned from anot her RO nodul e perform ng normal RO
separation process, or may be residual brine obtained
in a next-stage separator of thd&- sane desalination

pl ant, or from any ot her source. Advantageously, if
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menbranes, where the perneate side of the nmenbrane

c onfupiliegtfeamanother RO paydubaperforming nonmalBB separation process, or
per{naate channe nmenprane has parts adj acent
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saline solution between the front-end and the rear-en
f ecdeanad ROappdileds adnstestage mcstate, tergeasitkiab bess obtined from the

PD4; ing_f time to i PD4
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the' RO o pRRedemebliinent rRFEIA SoRkbh antfisifbate are fed to

sefiee adspectips eides Df theymanttvané byhBefsddile bRkutdhsource ((]Pump) that
standard RO nodul e has a front-end perneate port an

a PE¥ides{hemauge pressper PR fordbamermabiROanwoesssh sai d

: t [ f,th RO .. the cl '

et hod a5 {BuRld (A, bF VAT RROSIS' GBBIIGRSIE nfog RES membranes,
( avhard tKé’beﬁﬂBaﬂ%esiEg g&%@eﬂ chibran@RohiRusitaRs SRfh RRE thermeate

of the respective side,
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 can be such that it allows the ditute 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 enhanced in the following ways:
- Alternating from time fo 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
r‘and/or PCS so that the net pressure differential APN is reversed towards
the



and a second dilute saline solutionis fed to the

ot her-end perneate port under gauge pressure PD4 and
osnotic pressure P04' <P04. The pressure P04
conpensates for a fall of the pet driving differentia
APN due to the fall of osnotic pressure at the feed
side as the concentrated saline solution flows from
the sane- end feed port towards the other-end feed
port and sucks in solvent fromthe perneate side.
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connected in parallel and are adapted to performthe

above- §deaninthagemonapbe sdged &t therdilpteosatine .sollitien of step (a) and/or
desal i nati gn &La t further conprises a source of raw
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preovdvigdrigpm the rpstesf RO enddikes. The rest of the removed residual brine can be
fed to the energy recovery plant at high pressure PR, and the pressure of the
~ concentrated saline solution withdrawn at step (c) can be boosted up to the pressure
PR before feeding to the energy recovery plant.
According to another aspect, there is provided a cleaning system for
- performing the above cleaning method in a desalination plant comprising a plurality
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



b) a common hi gh-pressure cleaning |ine connecting the
perneate ports of the nodules to the pressurized
source of dilute saline solution; c) a pressurized
source of concentrated saline solution providing the
pressure PC5; d) a first line to connect the source of
concentrated saline solution to the feed side of the
menbrane in each RO nodule; e)_.a second line to
wi t hdraw t he concentrated sal i Re sol ution from the
side of the nmenbrane in each RO nodule; and 0 a
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val ve.to di s&h?roge_l ine. The vessel can he filled

wAtRRriAN.¢f_the collected brine as concentrated saline solution in the step (b) of the
method, and to discharge the portion of brine through the second brine discharge
outlet in step (¢) 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 firstbrine discharge outlet in step (¢) of the method.

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

tank with a high-pressure permeate feed pump. In a preferred embodiment, the



pressure fluid to discharge the perneate under high
pressure via the cleaning line, and can be filled
with perneate to discharge the fluid through the

di scharge line. Advantageously, the high-pressure
fluid source may be the common hi gh-pressure raw
solution feed line or the commpn hi gh-pressure brine
collecting line. Preferably, in a nulti-stage
desal i nation plant where the plurality of RO nodu
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di scharfge outlet and outlet port connected to the
SOHFSoH$egead dilute saline solution, a common line connecting the front-end
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
.connectmg the tank to the source of dilute saline so!utson 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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collection line. Disclosed is a sinplified "rinsing"

nmet hod of cleaning a fouled RO nenbrane in a nodul e

for RO separation as descri bed above. I n yet another

aspect, there is provided a nethod of cleaning a

foul ed RO nenbrane in a nodule for RO separation,

sai d nenbrane having a feed side and an opposite

perneate side and extending between a front end and a

rear end of said nodule, said nodule having a

front-end feed port and a reargend brine port in

communi cation with said feed side of the nenbrane,
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REBaratio, sd2ff knembrtnd hevifj aefdedtidd had Rat dpissitel perhdtate side and
feed side and the perneate side of thé nenbrane,
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recovery plant The direct-osnosis cleaning method
daks hnd e Potenfiap fonladewith osmotic pressure PO1, to said front-end feed port

at gauge pressure PF1 > PO1, collecting weak saline solution called permeate with
osmotic pressure PO2Z from said permeate port at gauge pressure PP2, and

removing residual brine from said rear-end brine port, the foulant accumulating at

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



nunber of maj or advantages: C eaning of the RO
menbranes in a train of RO nodul es may be perforned
continuously, in turn with each RO nodul e, w thout
interrupting the operation of any RO nodul e and the
desal i nati on process as a whole; Ceaning of the
menbranes is so effective that the stage of
ultrafiltration pretreatnent may be skipped for
certain types of raw water, since the inventive
cl eani ng method can renove feahkng due to suspended
sol i ds present ﬂ@raM/mater

d
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change ‘duri ng

sfm@ntethms@h eandi ree@haml lumé poft; thée d@lﬁnﬁnallymd mot ors.
The uti I i zation of pressure energy is close to ideal.

Part of) fereling éheg yavs paline mefutinspabtained iafstepdb) to an energy
&5&%&3? (ﬁ[ﬁmthe brine is restored in the cleaning
P n pernmeate or second-stage brine
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hi gher ClsestdicE P R Tpeiheanes 1 2TA AbdWEnmaries may be
P& CBKERYOBSR Min 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;



The nethod can allow brine frominternedi ate stages of

the desalination process to be utilized nore

ef fectively. BRI EF DESCRI PTI ON OF THE DRAW NGS m or der

to understand the invention and to see how it may be
carried out in practice, preferred enbodi ments wl |

now be described, by way of non-limting exanples

only, with reference to the ac%orrpany| ng draw ngs, in

which: Fig. 1 is a schenme of a“prior art desalination

plant with a plurality of RO nodul es; Fi 2is a

schematt®@ merrﬁ'@rmﬁﬁ plapned byithis r@etmdﬂa)a lewer pressure drop
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s ahereidre Gal@ paiver i diived F6:1Cddsalin&tfona RO rrenbrane ina
RO nodule in the direct osmpsis clfeaning process of

t he preldengaugepressaie; atFihg. fead isideaofstieeR® wimtbinane can never be
SRl B PRBaiis oftssihd aning Porbieate, Sids; Borby présaRing the
S ion of a RO nenbrane in a RO
THEHRL & (G AEmErRRE,

nodu I's a schematic. |ongitudinal

sect i ofDpmdrativeRpressolesanad iworkloRs inogisioas i parks of the desalination
variation of the direct osnosis cleani ng process. Fig.
7 Piant gragtipaliyedeypot @h@gséwng wiganig, thetaby erolenging the operational

e cyclic" cleaning systemof the
pﬁ%s@ﬁﬁge%éﬁ}e%n 10 DETAI LED DESCRI PTI ON OF THE

| NVENTITRR o(itpin c§f6tﬁ§ﬂ-ﬁ§l¢-¢’ré§’sf b QPun':Ip:né RP6& IrstheMaliRation plant

prior art desalination plant conprising a
pptaciically does rrmdim:lhesgeziurml' &@Ieaewag aperationowhiebt albwsnto save

paral lel, a, hi ressure punpl n roup (HPP) 14 with
vﬁF‘?"QBIaé‘dfr?% ‘ﬂ@ fithe BupprgNd 9‘0195 energy recovery

group ﬁ'ﬁB@’)tll&%tléW%f IFE‘S% Q{ﬁ:f# B'sB't‘?:gld@ij lfé?{“o? e energy

nmeans as expl al ned er ence .

 Fsgent 3or semdrafféh op divd @eﬂaﬂebt@sfr@ﬁ th@'b?ﬁ&'ifseﬁésf&délnﬁlghd&leanmg
with front end and rear end. A RO nenbrane 20 extends
blé't%@éﬁ tVHBemraﬁtm@at@ and sepend-slage ehdngi pieoekgteshéhrough the

ﬁirbl?gllne Y0|thue X sutciQeW|H10H%ihg9 osmotic pressure, it acquires the higher
gauge pressure of the feed side (at the cost of decreasing the osmotic pressure
at the same side). Then this higher pressure of the permeate is utilized in the

energy recovery plant.
The method can allow brine from intermediate stages of the

desalination process to be utilized more effectively.

BRIEF DESCRIPTION OF THE DRAWINGS

m 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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into feed side and perneate side (Fig. 2 is
lified, the nenbrane nay be 20 pl eated/fol ded and

W%n‘})é@@ M0 a rather conplex shape, as shown i PCFIg003/000984
The nmenbrane 20 has, consequently, feed side

surface 21 and perneate si de slérface 22. The housing

18 has front-end feed port 24*dnd rear-end brine port

26 in conmunication with the feed side of the

- menbr Fig 205 aascheinatict lapiudanisatitorpofta RB methbrane in a RO

reay-end perneate port, 30 in conmunication wth the
M‘k‘a ﬂérecwsmtm-s cleanigg prpense of thedraweas mveatioan
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E%hﬁgs%gsﬁﬁ, mg;pégélhgﬁwgﬁugﬁa hi gh pressure feed

'l nes pressure brine collector 36

connefigd isaachBeatie afoseR8ctiv $¥a ROV inemdBarf intd RO module; and
nodul es 12 via high-pressure brine Iines 37; WO

2004/ FEp 715 RCRHhematiooRMEl0didAl sedtibne ofir RO enembrane in a RO
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erneate coll ect connected _ to_.the rear-end
| E&‘ﬁt%‘fle‘ ngd the alrevt@&m%erqlﬁamg PIOg€ss-39; and

~conmo 0 teccollect 40 ¢ o.the

Front Fignd B pERBR B ige eﬁ%@ RSP Gt Bk 4 piiBaed with o
clifPElehiG LAY he Proc Qf. work exchangers

4§t acircu I on punp ?Ee gg connected to the feed

col l ector 34 hi gh- pressure brine inlet 54 connected

to the brine collector 36, |ow pressure brine

di schar ge outlet 55, and Iom#pressure feed inlet 56.
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raw sol uti on (seavvate as vvater pr et reat ment
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Enprsing anlhkaiﬂy Qiffsmaﬂum d124£braR€) SortrtechsiXin Earallcl a
se aratlon stages or product tanks (not shown). Chec

peessae pwopmec grovpe(HRRY 14 it vameblp drequescy drlvhe(VFD) 16,
rear-end ermeatzE ,f (ﬁt each RQ module 1
o6 EoRrhySHERRBRY bF e intErcoRueRta R L Pt dneans as

bt i Vgl SROHER BT 10 bl FQEHlle g¥ has an
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expl ai ned”bel ow. A normal RO separation process in

helmaeie‘dialﬁom:temimrﬂ thetrediOend dividiogvtieeintelaat volned ofdhe housing
1@%3%9]:39&1 grfrﬁf lf)%ﬁnggtle us%?le g(II*"\llg:_.’(;3 rf]2 ?sn lsﬁngl‘:’ﬁgd nt%ré lrrlxerr?ﬂ;rlarrxleg 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 comprises a common high-pressure feed
collector 34 connecting HPP 14 {o 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;



Pretreated seawater with osnotic pressure PO = 33 bar

is supplied to the suction side of HPP 14 and the feed
WORMWOSHTHf ERG 17. High-pressure feed water POI/IL2003/000984
supplied from HHP and ERG under gauge pressure PF 1 =

65 bar enters the high- pressure feed collector 34

and, via high-pressure feed tildes 35 and front-end

feed ports 24 enters the feed side of RO nodul es 12.
Tomneorceens pprmesasiel colldifor3 PlonhectcB @ the Rar-bad pefmy#s ports 30 via
the water to the perneate side of the RO nenbrane. The
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- peRfIected oMoy senaraiion Girges gsproduet taalss@ol shoge). dehaslvalves 58

* ehpob} 6, EPA B R ol 5 R s 05 pefimGs it 8 of cach RO
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its perneability and 1 ncreasi i's hydrau _
Juotise sideWft HPP déearehtie feed hilgis56 8f BRG 47. High-pystae feed water

and_the nmethod of the present )
supplied from HHP and ERG under-gauge pressure 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=32bar 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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invention for cleaning foul ed RO nenbranes by direct
] 111 be described in detail. Fig. 4 shows the
ﬁ%@?’?ﬁ?’féﬂ cl eaning systemintegrated with the PCT/IL2003/000984
desalination plant 10 of Fig. 1. The latter has
additionally a second- stage nodul e 68 wth 20
m ddl e- pressure punp 70. The s&cond-stage nodul e 68
receiyves rear-en fromthe

d product er neat e
- pudigakic dossss| a@@mfgwa the rtehggiwimgtd' erggtiald éallsy iavddthe permeate
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sal 1 ne solution such as brine fromthe -second-stage

RO nodbe sesgatar that aieaqh_eaﬂien@@bm o thepligag sidle ib highasplinity brine

Bt TG e PERRD P 3 bt Rt HBe %@Pﬁ%iféiaernder gauge
: f . i .

Bfiuie 7133 AT i B SHraRg A iteRedet P Bl BrsSus et ine 37,

‘ .p&smrbrb@me%nsgbp% 87d FOPHIE&T @%&%R% 17. In the ERG,

front-end feed ports 24 of the RO nodul es;
-thiedaph pyessoos o€ thébrine ip uransredi tohthenfeed watenediiledthe thrine is
the brine «collector 82, and outlet connected to the

Gisehargedtiwopgh theiqwdletddd ector 36; 5 e) drains 85 at
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orm normal separa

as to a per

- Pudsg dte priteiel sdpaitiong tHeEfonRetofd aasiinilelemaht teldside of the

turn, as will be explained below 10 The inventive
ROemcimbrane t ¢oofgminaping eld, freducingaritsl permesbikityR@ndridaieasing the
1@ .works in the followi ng way: a) stop-val ves 60A,
hyflpaulicdoBseA: associated with the nodule 12A are

are ooty BT 5 404 S8t P By PRGN B present

- iltbéhtioh) for WRERRIYFOUIR! ROAHERLIAEs By diect H58nH9E TRl bBYescribed in

15 process;

- detail. Fig. 4 shows the inventive cleaning system integrated with the desalination .

plant 10 of Fig. 1. The latter has additionally a second-stage RO module 68 with
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;




b) stop-valve 62A renmai ns opened, whereby the rear-end
brine port of the nodule 12A remains connected to the

V¥ &W0486%S6ure brine coll ector 36; c) stop-val VRCBAR0IHE000934
opened and the cl eaning booster brine punp 84 is

oper ated, whereby the be starts to circulate through

the feed side of the nodul e 12A in reverse

direction; d) the cleaning booster punp 78 is operated

t o feed asdearing dtiageolectoe 82 cwonhbeted ¢o frwmt-end ifeal pérts 24 of the
the RO nenbrane in the nodul e 12A; and e) the valve
SEAmalwgsoned to drain the remaining second- st age
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=13 bptraAnsids st hedirdnt-chi @epREfR Fopts IAK okl Afodabd I UE and
pressure PD4 = 33 bar. The first-stage brine (Brine

1) at £} aglanelity ef vavem 86,08 hot8,andr &% adapsed roslose PO®pen each of
8 har and gauge pressure PC5 = PB3 = 64 ba as in .
ﬁ]ﬁeabqﬂyﬁmm?@fg@ol et el rllow pepforming ok hoeuma), separation

[ e S -

s 10

BiMdwt PO4 st~ -14 bar APN is directed to the feed

side, whereby the water is sucked fromthe 5 perneate

st de' The tilreenfiGe vioahimmethod, hppliabiorekdeplcloatha®@ module 12A,
penetrates into the interface between the nmenbrane

Wetks indhe felloWinge&d:f oul ants 64, and separates the

br 1 ne® SIEETHIE BPAn Tito Ao G AnRSO5iALES, Rt Bifo kfile 124 are
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port gauge pressure I
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menbrane. The booster brine punp 84 restores these
prosésss and feeds the brine to the common

hi gh-pressure brjne collector 36 for, passing to. the
FGR 1), Siopals 64 IMAgsaPRensde Rehieaebybihe isarged g port of the
' [ I ns of .t he VFD
Ol ol ARERATY e bieloiRHsR BB S bt
the dgsabpRalv87Al ﬁ%peﬂcﬂ%nd—ﬁh@“di@a‘ﬁhi%%ﬁ@ﬁbﬁ brine pump 84 is
cl eani'ng met hod of the present. inventioh can be
apepited,dwhercbyithe 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 on 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 pressire
POS5 =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:
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each RO nodul e 12 by sw tching of valves, w thout
interrupting the desalination process.

WRRMASGEbusl y, the penetrating water -acqui r esPET/ELROP3/000984
gauge pressure at the feed side, PC5, and this

pressure is later returned to _the systemin the energy
recovery group 17. In this Wa)l,4“part of the energy

spent for separation of the 20 perneate fromthe

brine, and preserved in the form of higher osnotic
pressure of the latter, is restored in the cleaning
process. The di ABN=PEI1t POA B4 i FQ4 vsdd bas sour ce

of water in the cleaning process nmay be taken al so
fromother stages of the desalination plant, or from

ot her AgR¢h ol [ t Le). t _
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gaudge pressure a e PC5 et ween

thedowailleng theansmbmnBFThabdottbebdsepting $F astuteetieke losses and
the feed water PO in the normal RO process. The

¥ady dhe bese e sheppammont highruessse brive welleetor 36 for passing to the
LgniEi cant | hi.gher ..t han t he gau ressure PPR2 i
68015, G0 neb a5t hertedglar i, B Gl peBulafing dhg pressure
tbS’elP&%d? L O net driving differential APN is

Hb]%ﬁ/e . %an %QSZSF%??C pressure of the saline

sol utitomilhbel difpréciQdd thee in the 'oplratiMobLl 0 dédination plant, the
"catastrophic”  filtration desciibed in the

deattgsmosts. clFeng avdthod advhae pagpent mviehtions tcantbedapplied in turn to

Fig. 5, show ng, schematically the c¢cross- section_of L.
qach Ré Iﬁ'ﬁgﬁleelfib}’ syachig abvalgsewitboutsinteraupting thg desalination

- R o GubRIRTY e RERRRIE Wil o oqitef Blgnlt prueq pressure at

RO Fedd)8idREPUBALR] Shid ﬁrg%sﬁ?@ & Idt?!ref&limw %o Qﬁﬂ%ﬂéﬁ%{% iglztge energy

rolled into a very t spiral around a t

resovergegrvap 17 Tohthinwdiyl ahoufithg ehrgyThsertt Uoe @paration of the .

perforated and constitutes a perneate channel 96

psomeaist fro thadrineo ard preseryssk inetecfopar of ighandsmatic pressure of
té\;%?a{tfel@,r}g B ﬁlepc%gnjr?fg p}"(?cetsg].e permeate side of the

_ 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
instead of second-stage brine. Raw seawater may be used as concentrated sohition
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

1o both,




15 nenbrane 20. It can be seen that the dilute

F%Pé@ﬁ%” o the perneate channel 96, such as i BCZ@dE903/000584
However, it w |l take nmuch tinme and hydraulic
| osses for the dilute sol utiorl to reach renote
menbrane parts in the peri ph@rél“zone I'l. The present
nmet hod allows the net driving differential APN to be
r egul & gt Byentive melodl thaigmpgegiressars ol theifeed side PGassibetween

O rhe renote par of the nenbrane before the water .
fie iy bsRRe Bl herasEpHodaisst of fs WeABTHPRPO! in the
' to neate chanpel 96..
HEAUIROL BiBCRR! ThelfnBE Hlsh® hDA ATHRISbEeAE s tBtisicanty
. ] : [ :
LR PSprtdee 12 (SISO '8 provide APN
divectedto tiecfted aldenThs aktidriving ki ffeeatiak NBNTiE dkeregn the osmotic
feed port 24 and the rear-end brine port 26, for

“Z(gl ution épermsat e) can easily reach nenbrane parts
I

- preasige ofifhe saling solwgon abthsoieed sidep thmpelgaavoiding the "catastrophic”
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o s gLl PRk g 2o Sna " “changing f rom

R R e P ARG o o

- deption dof e RIOIMbaale $2.0Fhe VREN aidmbiate WO 20

‘ . LG With highly
PCT/ JL2003/ 000984 -16 RO nodule will performin
pertmeahist spagenmateaial M3r et 94 dnsesied xdtwae tiee methbranerfdlds at the

_ separation process. It wl| be appreciated that, as
or e

theaperneaty sideorespediivelnl Iwgmembrangeis rolleddnto a very
g PR b 35 T i B e o
RSl o0 SRS 3 R () SOmEDE T, ot

pemmentenfora B8 aol ehe reag-cid oehRieaeEornBM tol el Riiichfe 9@ of the RO
stop at all.:In the follow ngﬂen‘oodl ment, the cl eaning

eneo0. K nandreesasnt thatthendilute scdutiorp (eredated can easily reach
overcone this,.di sadvantage. For this purpose, a )
%%faf’@@ew@@?&?&ﬂﬁﬁq the ecdaeateichannel S9ér sl Zppe . However, it

BRSO bt B sl B remote

héhbradel paM GMahé Geiiphbrat e 110 THed prefent BRUNKT allows the net
hi gh-pressure punp, a cleaning collector
driving differential APN to ‘be regulated so that the dilute saline solution can 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 96.

The efficiency of the present method may be enbanced in the following
ways:

- Alternating from time to time the feeding and the withdrawing of the
concentrated saline solution between the froni-end feed port 24 and the rear-end
brine port 26, for example by reversing the booster pump &4;

- 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 PCS5 so that the

net pressure differential APN is reversed towards the permeate side, whereby the
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and val ves (not shown) are added to connect the front

vg‘sg_@g@t eaPorts 28 of the RO nodules 12 to the source
8H& di | ute saline solution. The oper at i oRCHIL20p3000984

i mproved nethod is illustrated in the schematic view

of 15 Fig. 6. It differs fromthe operation shown in

Fig. 3 in that the second diTut’é solution (Rear

perneate) is fed to the perneate side via the

R moduhe wikk perfatm ip altemakigg unatarer idirectsesmeosiaciganing and normal

wssure_Pm. If, for exanple, the concentrated
SERABHIONPTORESS ' at the front end of the feed side

b : [ it t falls t

pos. 1 BapE pHRR e A 3pf SPR i LRI CRORprfori the fecd
WdelofRS Rk, 46r '&fﬁn\%}@tﬂﬁfm RRORGE 8hd Bwdris ekt ¥hd (Brine 1
menbrane w Il stop. However, by feeding rear perneate

‘i Fipugh dndeakesant weter, ifscosmrriceprpssuire POS dimimibliey. Theeby, the net
net differential: zPN =PC5-P05' - PD4+P04'

duiving Gffecergial APN dispinishss piser angd, the: mnembeansr cleaning may become

- PoaRbiRtm aflon ALaf R T6k BlRRe iRt tpereissind method of

. : ) ; ] -t nad i
e Bcr om0 Hcr Y i WIS HARE FOF 8 e,
haphiRg of HcORINIAGS Solttibh 34 préviasd] with IRMOMRSr8idudd PO lower
t he RO nodul e. The "rinsing 30 net hod conpri ses: WO

10 He04PQ462THEs PAY/bd, 00 3kanpRE4he réat-ayd pernmoatergvitthBO4' = 0.3 bar

ver age gauge, pressure of the feed PF 1 to a |evel |
I 7o shiowh an Fis s gt Pughyprassureian vedleaning collector

IV} ifferentjal, APN re t N fro ressus e
5] A3 R SR Bl ST U KO, B PASSEE 55 e O
HldRuled 1530 thIFiRG BF &2oHA Bilfle LR LBRfiRT!  about the
average 5 value PFl, so that the instant net driving
di-f f eThObpahtibdf tife digroct@mhetiddEiksiBustieed/in the sthematic view of
feed side and to the perneate side of the nenbrane. ]
Rigeb o by diffsire nrenne thepnperatien dthosut énl Hig. 3 Hie theedbsisdeond dilute

the.di rect-osnosis, ¢l eani,ng process. i s, perforned,
solfian (i neietebi g e dingate s de wiefibr b gnd pgemeate port

305D QNGRS HT, PPATH, o SRFARE B el st

Befa1'ahethd Gontind bhike Ged BRI BaSorRE sHELIRAED th@&NHs osmotic
pressure falls to PO5' = 44 bar, then the net driving differential 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 pepetration 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:




c) feeding the raw saline solution with the foulant to

the ERG It would be appreciated that the sinplified
WORNU{0A2/74 et hod nmay be perfornmed on all RO nbBOUIZ03/000984
simul taneously, by a short time interruption of 15

perneat e product production. The "rinsing" nethod is

not so efficient as the basit ldleani ng net hod of the

present invention but it can be applied to the

desal iapd¢wering tHeamterddt gaigeqitessasslofNtheafiid PEW to a level about the
equi prent. Anot her sinplified system performng an )
OFmeteipressury €10 1c 30 vhatstherevstagehnet duving differantiob AP sesulting

SR B PO AL RLER] S B 12,
55 20y b0 pEPLA LRS! gl S gt B aere

¢elRIPIEE Soahht/the hstant & ity GiFRanea MaTseldidklRd alternatively
storing a limted quantity of perneate fromthe

to thetfeed aigle aRO totlokipermekie sidy ofl thd mombrarses Thereblyewhemthe APN'
coll ector 105 connecting the perneate ports of 25 the .
Feoingsied tasthe feedhsidpthg Brestipamepsis elpaging rresess is perfommer, while

el 3PN N PR b Gefmig oRle, ARIRO FRERBSine o lgems normal

5

RO &aiigper form ng of the normal separation process
and tdhe solﬂf*rpl ified cyclic cleaning nethod on each RO

nmodul b) ivxﬁthﬂua[xﬁilprg'l'the rBwesiiine sohitidiergethee SEEl tHdsepanged foulant
f eed-water chanber 109 and a 30 perneate chanber 111
dirqughethetygarserfd ysmenpert;dindphr agm 113. The perneate

o SR A B e
00 S 1 PRI, e

pitforied@ofl Al RO M [ lpv - i
per neat eoc oiﬂll g%:(tgolf&%g%&gnd t%%%f%e%ﬁgl%:%%kggpﬁtgrﬁupum of

parntehte POdovidprodsctiore Hoafrimihg"omethiod ismde ko efifcibitgds the basic
5 pressure of the feed collector 34. The cyclic

dearing methed o€ dke praspnt wyention duhittas hoappliedro thedleselination
é%% wor ks, in.the foll owing cleaning cycle: a)
310 R e SR Sy P MR he. modul e 124 1 s

- closegnombe %t?%%h(ﬁséslﬁsys@ﬂ Yerotrtndldh tetrdcfife "AGAR:” Wion of the

20

separation
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:

25

30

a) a pressure-exchange vessel 103 storing a limited guantity 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

c) 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-watér chamber 109 and a

permeate chamber 111 divided by a flexible diaphragﬁl 113. The permeate chamber




10 b) Stop-val ves 107A and 115 are opened, whereby the
feed water under the high feed pressure enters the

WR2WHREA'A chanber 109 and di spl aces the di aphP@Em20603/000984
113 and the perneate fromthe chanber 111 towards the
perneate side of the RO rmdull‘% 12A. The cl eani ng
sequence is finished when the ¢anmber 111 col | apses to

a mni mum vol une or the stop-valve 115 is closed; 15

- Thénsan emensmicatignewith the geading nediectoy 10fe while the feed-water

sfop-valve 115 is cJ osed while the drajn valve 117 and

- chambep bOS?/aff gannested to Brechighayessir feadycallest qnd%m gtop-valve

O3B 50 Rl TR 1T B R Yt LA R Spor el fRtor 38 and

- Hpcent hwotagth 1R SIS By PR o i

phssutelef the &edwolleetoe B4nge vessel 103 is filled with
perneate whereby the systemis ready for a next

B ‘cI eanilhg @ybe eleaning pracess, mpplied fov skemplestmnthenl Osmadule 124,

16
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rér]gel;n Ez&l sp t at .the high-pressure flow fromthe
’é]ot;)l Sr gL ?admgg]gy Fine collector 36 is not - .
B AP BB B8 2R A Yot

ARIBISTIEA a0Rs SRUMAERO k&}j&%&tﬁfn probgsosmotic pressure

in the permeate channel i's nuch |ower than in the

f eed- by Stop-ediwenB)7A whdrldByare lopemst, wherebynthe feed water under the
djffergntial APN i s rg@ersed towards the feed. side,

feg 'Pﬁ%ﬂﬁ%aﬁﬁéerﬁé% dnwater chambeigH)9 aed dispiacsn the diaphragm
B il PO H G SRR ki o e
ﬂ%ﬂ%?@ﬁh@%@&% ﬁ&{c%rls Eﬁuﬁfé vlrl'fengfﬁe hakBer11] collapses to

e tot gauge pressure

' -ﬁhﬁnﬁmﬂmﬁ@hﬁné"&ﬂ%é@@aﬁféqm@blﬂsé@%/ 000984 -19

channel , the sucked-back water has sufficient energy
to reﬁbman@ermeemeeaspetﬁormeﬂe rrenbrane | t vvl Il be

. appr eqj ed t ha hr.a 1 S. ne to
b bar e Ehe Htep VbR & R TRLS Mectraipavaye 1A B e Stop-valve
T RSSHN h esseh 40
NI —
: Igi@ces-g.hﬁ poadidie o e parhehR SIRTHeERMESE chhhibeR | PI ﬁﬁ@tifsﬁlaces the
regul ator to control the driving differential APN
feed mri‘;zom‘ﬂnechm:abere]d)%be@lglahe dramypipree] Y& tandned b ack
to the suction_side o

d) The valve 107A 1s 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 coliector 36 and is

drained through the ERG 17. Due to the high gauge pressure in the permeate




HPP 14. The pressure-exchange vessel 103 may use, as a

hi gh-pressure fluid, not only the feed
Vﬁ(g?lfog@?zgfm 34 but also the brine collector 36. FTRETRUHH000984
to pressure cleaning collector 105 may be connected to
ei ther perneate port (front ohg rear), or to both. The
cyclic process allows cleaning the nenbranes w t hout
~depressurization of the RO nodul es and w t hout
shawsilnietsweked-bacl waier lasowBeignt prergy ¢ovreashaihgsemobe areas of

%e{rn%ébrecovery pl ant. Advant ageously, it does not use
o m?ﬂ’eessure source i s besides the pressure of the

- feed fiigm bﬁgtgpf&?astfﬂ‘ Mat rﬂgél Hgai)?f%&{ 2?3 ?g é@%ﬁgﬁf E(E %@parate the

drive or ot conplicated C

- Pemnéae flog gRRed OafE I the PresQBEIX cRAMRESHSSC] 103! Biftead, cylinder

perneat e channel cannot exceed the gauge pressure in
with a phger ayrhe yseslo sintidar to workhexchangdry 66. The welvertd 5 may be
unne essar% .The available quantity of perneate for

Grvaplanaented, yith 8 neessyrq regulater i comeolibe driving diffgentig) APN if

BEERSHY! FRY h?diné:&/ gééad&iaﬁ ?ﬁ Bgftﬁ r%tﬂﬁ]eeglﬁl?a{c&tgg;ﬁe gﬁcﬁon side of the
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repeated as necessary.

i4.i° ' e inten ‘o
BIPFC14.I TheepRASHIrBRACANAS vEREIN] (1 ousféaa% a sr?'ggcg of high-pressure

contenpl ated that various changes

- nidyadtt avdy ithe ifoed foollston e34s bapalsoothet bigng coHedibr 36. The high-

i nvention. For exanple, the cleani rég met hod of the
pressupclaapingeolinetomtlp maytheeehrmeeted| te aifhaypermeate port (front or

nanof i tra[*_li on and ultrafiltration nenbranes. It can
Fatp 8t Ibq ed to single RO nodules, and can be used

T SRRSO B e s Bl gsiin

- of theROGREd1162 4 d WALk kt 0884 brind F o dhVehe flbw towards

A met hod of cleaning a fouled RO nenbrane in a nodul e
therenR@y reepearaitplant, gsia'ant ageotntyiedbeviotgise ahettrbr pirelsure source
and an. opposite perneate side and extending between a

bosifles the Pressure of dbe Tesd) flow, snd dogsdintaequine @ vsable frequency

6 O pfhef phlrRba s n T P Bl P el Blic Bitng e reason, e

gﬁ@erﬁé‘@m@ﬁﬂﬂﬁpkﬁﬁﬁm Q:ﬁ%nﬁ’&rdgﬁﬁ&@e%gegfﬂitg [gauge pressure in the

conmuni cation wth sard perneate si

- feedivhanec], aonthatrahe RBeskp@iloés 68 Peda®s sinhbedsbrys e available

quantity of permeate for one cleaning cycle is limited by the volume of the
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

- 25

- 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 furbine, or work exchanger.




nodul e i ncluding feeding raw saline solution, which

‘?@ Wos£S, S0l vent, dissolved salts and a potential

ulant, With osnotic pressure PO, to said fr&&TIep93/000984
feed port io at gauge pressure PF1 > P01, collecting

weak saline solution called p@%érgat e from said

perneate port at gauge pressure PP2, and renoving

residual brine fromsaid rear-end brine port at gauge
pressure PB3 > P01, the foulant accunulating at the
fEEAIZe of the RO nenbrane, said cleaning nethod
conprising a) feeding dilute saline solution to the

per mreat® st dbft fearkikh e

pressure PD4 and osnoti C”ﬁl’g&%& lé%oqg?ﬂl‘gfz{qegg%i%ﬁénodule for RO
cepasionasad membranesheving arfeed sidecarideenl oppdsiiopeiniete side and

RO, mep rane under tqau e pressure PC5 and osnotic )
e Brbesets fou e wadraw ndicd seidmoduRnsaid module having a
r [ r essures PQ4, PD4. .P05, and PC5 bejng. )
Rl e ERRRARE W g bt s i, e Bigafion, with Shd foed side

- i e smehiRsnd, " A8 bl %edRf rdﬁ%%&@a%%p%tﬂ%{r‘ g:ﬁggngtﬁcation with said

nmenbrane to the feed side of"t

perracatetside ioft thet renibrase, f aeermbE RO efephRfioREHRIAREIn the same

and the accumul ated foul ant, and separates the foul ant
inpdudipgnicadivgans sedine sohttion) whithdompirisgs séleent, dissolved

mesile
_ t ed i Lyt I t he ith th
ST} & Bolergal sl st pantse PO, Jepaldiranhenddecd port
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[ rein,said e
SRS nfe P19 PO BOIGHGe o e St Bbermente from
thid dpemml‘eﬁw P02 PA6EE Presiie! PP aind {é‘ﬁg) th% ¢6difh1 ' Widd om said
feed side i's provided by raising said gauge pressure
Feg-ond thineepré et gugs aiaisweRR3 pr POy e RRartadchulating at the
?orn% ql?}%l rocess, WO 2004/062774 PCT/1L2003/ 000984
fepd sde eﬁ%@ﬁ%@ﬂbﬁﬁa seideleanimganethad camprising
conce | jne.sol ution of . step b) .i.s r.esidual '
br 1 oL e ARuleCHHER sPIRRHS e hRwehie sids of S RG membrane

j [ aid raw saline
b S B B PresRlrg PORE i e ¢

di-| utle) featlinpeconelentrated salinséctitiditlo it 1B side JTRhERY frembrane |

obiai ned in the same RO nodul e during its normal

rgauEe rpesnee FChwad - esoutisdprossutiesPPSy memdtedriving differential
&bﬁarieguelgnér (g?n%qgstsrﬁ?gs 1594:59]921 50%? raI;c(i) %sn%ehqg rdrirrl%elcte?loto the feed
-side, whereby the solvent is being sucked from the permeate side of the RO
membrane to the feed side of the RO membrane, penetrateé into the interface
between the membrane and the accumulated foulant, and separates the foulant from
the membrane surface; and
c) 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 PO1 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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il

separation process. 4. The nethod of Claim 3, wherein

0(3 g&qﬁentrat ed saline solution of step (b) is said
(6084 A% sol ution and said gauge pressure PDACT/H.2003/000984

equal to said gauge 1o pressure PC5. 5. The nethod of
Claim4, wherein said raw salijne solution and said

perneate are fed to the respéctive side of the

nmenbrane by the sane pressure source that provides

2Zhe gailbe methed wfeClRith 19fwhebeinrsaidrabnde@tratedcdise sblution of step
@e, nmet hod,  of . d aim 1, wherein said RO nodule is a

is; residigh brwusupplisd remaanather RE) apedule qerfomaming pormal RO
_ -and said dilute saline solution of step (a) is
?%’%q%tb%pr P§Sn8rW5FW%Sq]We§O st age separator of
~she sa i Rt I s oni . ' R
gher ei gﬁgal p%?ﬁggtﬂgl g’i e 8]fn s&%ﬁ%&%‘%ﬁ%&?g@éﬂ& 8f§'aeﬂs (@) is the
pemnmeats obtaitfedihithe sahelRCemvdaledndid its hoepallkeparation process and
~perneate channel, said RO nenbrane having parts near
starad, perispgrmeaisarhiained ftbm anpther ROt modler pefr farmingndrmal RO
20 said net driving differential APN is such that it
%\qﬂaﬁ?nﬁpﬁe%i lute saline solution to reach said

enot. \ . D an fore id splvent ..is
DT r oTHe Bl of ey BB Ral s cBnled s fag Sotution of step
Wi ) ShIFRA . : :
@a{i m 1, &l/ngarlei n Oé‘gﬁjﬂ %@n%@ﬁ%&g gi}t%sa [ n@gg?%tqﬁ%ntoi Sémd gauge
pressure PCSai d rear-end brine port at step (b), and is

withdrawn fromsaid front-end feed port 25 at step
3.¢) . dlhermethast eigalaim domdiersin saidhramesating sbhition and said permeate

co trated sal.ine,solution is fed,to, said front-end
%1"82[‘5338 (e gpsne ¥e (Ser, Oﬁﬁ@ memfrang; bx fhe sag, Frgssyre source that

e B B ke D1 of iRl REERRIPST T
Gwher eiThe fettoest ORimtl, WHRPeihRhiPRE HbRule's LA 89module in

at step (c) of the conCentrated saline solution ar

& muiti-siage desalivation phirtt end shiebdibet wekire selutiofh b6 blep €8s residual
feed port and said rear-end brine port. 11. The nethod
bymegblaiped 0 dREKiestAse sapaTajeiektheseme desalaptiongplant.

Feaet BRangholstChinE Hhael st Bemheits fuerckbe Ko ppanbrane
cglkr??uﬁi(%aﬁa’s %ﬁgﬁ#@?&ﬁféa{ehﬁﬁﬂsﬂiﬂu@?ta Pefimett Schannel, said RO

erenti al

<7+~ membrane having parts near said permeate channel and parts remote therefrom, and

20

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.

R 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

2

ta

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).




s,

reversed towards the perneate side; whereby the RO
vﬂ?%ﬁh}% forrrs in saidtime to tinme, nornal

separ afl on process. 13. The nethod of Oaim1, P%@?WOWS“
said RO nodul e has a front-end perneate 10 port and a
rear-end permeate port in co nication with said

perneate side of the RO nenbrdne, the feeding in said

steps &Bl and (b) being perfornmed through the

' epanathed ofh & laism pbe vihvezeini des febdingenhatiep (b) and the

rt er. co r S feedin cond d1|ute al i ne
SHHRaINe 8 HhS (60 At Rlsresaiiicd: Ehg6 ot Bamgame to time

i At neysiin i e

16

dni vi naheihétBoa 8F CMinPNvEsein Rid ghadd prebsifs PP i § pulsating,

pressure at the feed si ‘de as the concentrat ed sal

dal ut i dhefrhetivd fafdiiaimaild whenein atdehst onel of enid gamge pliessures PD4
'said other-end feed port. 14. The nethod of Caim1,
iaRd el giremditng te timeceanggd sg dhat said nﬁ@r@smme differential APN is

210 Dol GR eBrmEHERidep pheBy e T SR BT RS S Said time
ﬁ}d@ﬁm{.ﬁgq{@g g(),n%ﬁ%g g the concentrat ed saline
sol utfon %

tai n C) to an energy recovery
pBant . The methed B8 Uhish pfwﬁéreiﬂ@aaé ROBRIGRIEThEad &oH@end permeate
nodul e is one of a pl urallty of RO nodul es, the rest
porisaida whtead peymedte BGrinn dohesupiestion miﬂhgsam)pamdleaﬂhde of the
separation gvre(i:ess sajd con entrated saline
3

tanehrans, the dgedipg nsaid $eps (Bransk (Weing perfoemed through the

WobFEnd BERGTIn! EAPRANHIE The ot ﬁ’e‘é‘%ﬁ'saaﬁngagﬁ i

1S

pl ur apy) tﬂﬁdlﬁ% a $ERnAEGNRE sAlindlsBlufiohSio WREHBILR e@& permeate port

| east a portTon of the renoved resi uaI brine

saddat gangt bsshfe PoHUbed osmoﬁe%brbssu@@mzle REPQY, s604 ?r@”sﬁre PO4
pl ant at pressure WD 2004/ 062774 PCT/ | L2003/ 00098

caBp@Rating dor #&alk o€ he(ugt driving diferonisl APY dueeto a fall of osmotic
ressur of t oncent rated sal i lyti

THOSRES 2 eafeeaﬁé% #ihe goncentsaled spie selpgomAopes fram said same-

I ranes according to

éfe%%&&rcfowfa? &gaﬂ?oﬁ%{-‘ ﬁ@ g‘%@ﬁp‘? nat i on pl ant

TRPri Bhd ehcthdd W atiainy 10fmaaaﬂi gddifs £ ﬁédén%”ﬂo the dilute -

with sai d RO mermbranes éonnect d I n parallel

satinp selhtion ofstepaajrandler twihembneentrated saline solution of step (b).

15. The method of Claim 1, including

d) feeding the concentrated saline solution obtained in step (c) to an energy

recovery plant.

- 16..  Themethod of Claim 15, wherein said RO module is one of a plurality of

s

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




separation process of Claim1l, the desalination plant
further conprising a source of said raw solution with
WPGAMU6ZE4ur e feed punp; a common hi gh- pressur BCTAIZ003/000984
solution feed line connecting the front-end feed ports
of the nodul es to said source f raw solution; a
conmon hi gh-pressure brine coTIzgc“ti on |line connecting
the rear io end brine ports of the nodules to a first
" bPRacandl dhsh atepe(Duinchides boosiimg the qressatee of dhe lcontémrated saline -

i ne..connecting the rmeate_ports of _the nodules to a

pF&b‘H@P g atF@HES&P@MPI@MSQPseparator, sai d

sygtem Go i.SifNg: . [ j zed ,source of..said

IR EOMRAA S0 cichind BRERTRE! FRMBRMCRBHRE'S the method of
- PPind) iR aGREARALIB] ' _' ;

connecti ng t he pgrBh ateﬁg@?ﬁgﬁlgﬁﬁ;ﬂ%@?%gﬁl}&u&eﬁfyg{gaeparatlon
5 prethssaid R membeaeotomdicticdangabralied andl adapiet;to Gerfodm the normal
pressurized source of said concentrated saline

sHmatinn piosersavifglagaild therlesghinatiorpoiant fothes camprising a source of -
line to copnect said source of. concentrated salin
sH P8 SPE]“Q&*W@%I@%P&%BI%#%@ BUFRFh i SAEQR biglrpesure raw
e ng;- _ I [ .
Bt 20 Enc RGN e frohildd e Hopd'of fPRioRlles b Sfid source
-1 of ese BoldBonPd ebaim@Nkigh)prassdke baht plledtiondiSSonnecting the rear-
adapted to cl ose or open each of the above ports and
10 28nconmdpotts néthesmodides to afirsiwriver dischmrgeouiietsatommon permeate

nor.mmal. sa%ar ation_ prqocess and said nmethod of Claim]l
- grpliestinn e erpmeeling, the pgrmets. pamte of e Aodylesyietaprasiict storage

' rei id first line is said comon
ﬁp@%%%ﬁrgﬁ@ggﬁh@%}gl | ection line, said second |line
Is a tein e cting front-end feed ports of

RO odul 6s 18 B

sai d RO nodul es t cond brine discharge outlet,

~ and 30a)sapressyritedsoiceadtaniddiliie satifie 3oltibh ippdviding $€d pressure
col lected brine as concentrated saline WO 2004/ 062774

15 A L2003/ 000984 -24- solution in the step (b) of the

T D Bl PRL b o ek e el pors of
TR0 AR LS L G SOkt ©
- ~¢).a pressurized source of said concentrated saline solution providing said
pressure PC5;
20 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
- 25 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 2 common line connecting
front-end feed ports of said RO modules to a second brine discharge outlet, and

30 said system is adapted to use a portion of the collected brine as concentrated saline
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30

plurality of modules.

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

1o said second source; and




-1

i) a plurality of valves and punps adapted to cl ose or
o(gen each of the above ports and common |lines and to
WQRAWHEETH of said dilute saline solutions to apCrTiL2603/000984
predeterm ned front-end or rear-end perneate port of

each of said RO nodules in predeterm ned order and

under predeterm ned pressure.—3§*24. The cl eani ng

systemof Claim 18, further conprising a tank with

cl eanigpluegitytof valves aadpaniacidapediaicibseaniopbh eaét 8f the above
source of dilute saline solution, and a feeding neans

nedptand commewd lises dnd| tenfeety cagjeof said shiluie selime sohitions to a

* redlefmiiod fPnnER Bt sgrcacoprme RO FIgh BRARRGRO; godules in

PRI LT i e RAGLRI BT LS 00 Cai g
24ar - eMe *éléaﬁﬁx%’%fs‘téin Qff Glaie 180 ﬁﬂ‘ﬂ%‘i,coﬁgb}isﬁﬁg?g ithitk with cleaning

nmeans adapt ed feed said cleaning agent t0 sel ected

- agad, aflircacchifeeting said tankoipesdid rsoutdehof tilate saline solution, and a

gqoggfﬂntrat ed sal ine solution during step (b) of the i
cdifig mgane africd 3¢ fead, said| deaning agpnt tonsaid soneserpfidilute saline
%g%&lén sai d desalination plant includes 15 an energy

ry plant connected to said first brine discharge

et | et ' j of | S : .
B LTSSl or T s FRERLIA IC ity clening

ddong @nQnotéh dinepeurinegting eald thrkotss diid KOREM ?éédqgorts of said
collection |ine. 27. The cl eaning systemof C aim18,

- mdules roréaiddopsaid seartersti bsne poetsodff shid whedulesy | dndefeeding means
- splutjon.is a.perneate storage tank. 2Q 28. The i
'- %Cf)aé?fﬁﬁi tﬁ'&egﬂi §@ér\§?ﬂﬂﬂl&gﬁ$¢ﬂt 39 S&Rﬁf@ﬁ Ongs Qgs@d deedhpartstogether with

15

| | zed of a.
i S B0lPe ERARAISE S 0 hafingeneihogy
alm . | ) . . -
P SR ueal O TP 0 SuRLS1P0 WSl gt jctudes
o dreegly rdeawhgrplantdonedctell Yo saiddistihiiee divplerpeabll, said cleaning
wal | , the perneate chanber being connected to said 25
sysherp Articg eoppeising @ bopstanpwaypl witle jnlehport eounestiedrteesaid second

tg a

bei ted via a first st | ,
e il o comecie tn seid comumar briae cellesiiandingp val ve

28, AR A5 oS, SRR SER P R o

- s@ﬁﬁmtlﬁomsﬁ&?eﬂ@?eﬁbﬁég%%ﬁc.vi a said cleaning line,

o0

S 25

and can be filled with "perneate to discharge said
28 ui' d Tihler clegyking asiystedi: of laige 7] herdi® A0DHLOOBEMT 4torage tank is
PCT/ 1L2003/ 000984 _ .
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.
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the feed side of the RO nenbrane, wherein sai
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‘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,

- 25

when said APN s 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,

30

-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



30 and WD 2004/ 062774 PCT/|1L2003/ 000984 -27 b)
W t hdrawi ng the raw saline solution together with the
Veepidiaeat f oul ant . through said rear-end bri nepgpitnnsneess
35. The nethod of Claim34, including c) feeding the
raw sal ine solution obtained in step (b) to an energy
recovery 5 plant. -27 —

b) withdrawing the raw saline solution together with the separated foulant

through said rear-end brine port.
35. The method of Claim 34, including

-c)feeding the raw saline solution obtained in step (b) to an energy recovery
5  plant,



