WO 03/ 039708 PCT/ US02/ 35352 Branched Flow Filtration System This invention
pertains to filter elenents and vessels, and systens and nethods for
filtrati owoaB/os4708 ds, such as water, to achieve a fluid praducsn2/efisa
specified quality level. It particularly relates to high flow or cross
flow filtration apparatus, such as nanofiltration (NF) or reverse osnosis
(RO wherein the filter nodules are typicall, rranged in a string or
series in the feed flow, an@ﬁﬁtﬂ%‘?@iﬂ“‘f’ﬁé‘"ﬂ‘%ﬁ g%ﬁ‘@“qual ity with respect to
at | east one renovable material constituent in the feed stream and/or
wherein the filtrate quantity, varies progressively with ositiaon al ong
the path. The f This imatition pentgiesrte filier edsmentsand peseshs Ple%%tﬁw e\gﬁg“%@é@f
filtrationg..el.enepts.a r [ ' ign

cl erent s aflPRBEY e Aa B whel RPMAR ERTELRAI SR BTSSR 8T
utilizing tpheicalparehtes so hiply flewe gr eysst flowofiltrammapparatns, speraswanadiltfation(MF) i r st

or primary set of ele rom t ernpeat e of. a, downst.r.eam.set of.

el enent s. SE/E‘i"@rﬁ%O%ﬁ‘f’ﬁg‘g&)ié‘?}r@&@h@wgwo%ﬁ?ﬁ%e Riey rgneed 4 ??r?remg PVENES on may
further trgpiherha AoWOMASIHRHMNND Bl ARAJuglity Sl respbd? t6l8QE8BGR rémevable destial at i on
of a species poorly rejected by the filter menbranes), and may bl end

streams t o cpasitnsaidn shefeedchtream.iad/er Whereia dherfdigate geanty; vagies pregressively YiHfese
systens, tnG ly | ki o Qs ARpkBAEL er (S)
may be m%?flg%%&%%%ﬁg rﬁ@a@ﬁ?@%ﬁéﬁgg%ﬁ%ﬁﬂfﬁhﬁgaﬁ g e operation of the
system Theleneuisahd/orpresuretviasels whérein thedfiltrajoarejsiments e pdaskd enserigsim@uct st ream

with | ow concentration of. chem cal ecj t. 1 i be poorly
rej ected bfr‘?sﬁ‘glzﬁ‘g ‘?{5?15863}’ aé’ﬁa}r'g{e e 1‘?‘1%11(1:% {hgg?qa%ag% nel&sigg% %%%?Ig%\ﬁ%l?ignoper ation
or contr ol .pelAacERENE sCbr phiriary VG EldniditsTiuen iha pemiehianf p dowadtnsn se of
filtration apparatus for treating fluids, and partjcularly relates . to high
vol ume or eGP Sptemseeniying Vﬁi;sg]ﬁt‘”é‘,‘m@i‘ﬁ‘f?r‘g’%g %J%‘F jngentipn Y'ﬁrlétlh%tfeéf the

agri cul t ur glop@tdam pefheatd (@S 6 lidkealth€ EorlcERALIEOE 2 PeaE poorly Rejdchd b rn

world, water treatment plants are specified by clients or required by
gover nnent fiteympmbranss)s andmpsblendsearss ta predkear prodest esatingdepisnd spesificgtignsous

chem cal s | es equl ters to
chem cal N5 kS emsPOTE AP e R RAE o o hiief gy 1 o>
det ai | . Fi madniterpdiapdrthemedeséngmt appiiedrietrbguiitodpergsion af the mystenWT IR 3INGBHIM08
SP g-er{: IU 2? |2/Z 25 xe%&bz @? o? F)gl%iil‘)%le lﬁi/ acgﬁ%qeﬁén@?c? %@e%}ﬁ vtvianeloév%%lg(%n S %lf tiehdcal sepegi'es

that might otherwise be poorly rejected by the membranes and to effect various efficiencies of

operation or control.

BACKGROUND OF THE INVENTION

The invention pertains to filtration apparatus for treating fluids, and particularly relates
to high volume or high flow treatment plants, such as public drinking water, agricultural water

or industrial water treatment plants.

In the modern world, water treatment plants are specified by clients or required by
government regulations to have certain maximum concentrations of various chemical species.
The equipment and methods used to treat feed waters to achieve specified product water

quality may or may not be set forth in detail. Final equipment design and method of operation
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piping and valves required for feeding pressure vessels are relatively more expensive than the
lower-pressure conduits employed for the permeate and reject streams, and provision of multi-
element pressure vessels reduces, the overall number of required pipe connections. The
pressure vessels are typically slightly larger in diameter than the filter elements (e.g., RO
elements), and as feed water passes each RO element a portion of the water permeates
through RO membranes and is collected in the permeate tubes and manifolds. The flow
volume and flow velocity of the feed stream progressively fall with downstream position, and
the concentration of chemical species in the remaining feed water progressively increases after
passage along each element due to such permeation loss. Correspondingly, the amount and
quality of permeate that passes through each downstream filter element drops. Thus, a multi-

element pressure vessel with z elements produces permeate at a rate that is typically less than
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reducing passage of carbon dioxide into the product (as well as ionizing certain other species,

if present). United States Patent No. 5,250,185 of Tao, et al., teaches the use of high pH

feeds to RO units to improve removal (rejection) of boron. United States Patent No.
5,925,255 teaches increasing the pH of a suitably pre-treated RO feed to improve rejection of
poorly ionized species such as boron, silica, and some organics and to reduce the fouling of
certain RO membranes. United States Patent No. 6,267,891 teaches the use of ion exchange
pretreatment, degassing, and pH control to maximize resistivity of a high purity water
produced by a double pass RO system. Many other systems involve ordered regimens of pH
change, degassing, scrubbing and filtration and other operations to permit the efficient
removal of multiple problematic component pairs of constituents. All of these processes
require extensive pretreatment equipment, and most also involve substantial chemical usage on

an ongoing basis.
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cont act i ng e ﬁlit,qr@@m(l@eg_ In th¢ prips art, the high pressure filtration cartridges, such as reverse

osmosis cartridges, are typically arranged in a string or series with each other in the flow

ot

stream. The cartridges are generally all of the same type or manufacture, and are inserted
seriatim from one end of the vessel. Short interconnecting fittings, e.g., short press-fit
couplers, may be added between the permeate pipes of successive cartridges in the series. One
or more peripheral seals may extend around the outside of each cartridge to generally force the
feed water to pass over the membranes of each cartridge in sequence rather than flowing

directly around the outside of the cartridge to the downstream elements.

In devices of this type, feed fluid commonly enters at one end of the pressure vessel, at

a high rate of flow, and travels along the length of the vessel contacting one side (e.g., either
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Contaminants such as suspended particles, bacteria, viruses, colloids and the like, and

substances such as silica, macromolecules (e.g., biomaterial, complexed or highly hydrated
inorganic molecules), as well as herbicides, pesticides, salts, and the like may all be removed in
this manner with membranes of suitable porosity/permeability. The semi-permeable membrane
“rejects” the targeted contaminants, i.e., prevents the contaminants from passing through the

membrane and into the permeate stream.

As cross flow membrane filtration processes have become commercially established as
effective methods for fluid purification, basic filter module designs and standardized pressure
vessels have come to be the “brick and mortar” of water treatment system or fluid separation
system design. In this capacity, they must perform without defects for extended times,

processing massive flows of water at the lowest possible cost.
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cartridge GRidalat RegsbRne efgidgeflaadnisthaltyiaty sumé b giralRyurdaheniveane/spaeat i bl e
with those of another supplier, so %1{11)3 as a practical mat a large

wat er pur i fP¥EARReSAMEnicating yyithea fen PEFRERLeSRIuL, %‘"%Fsﬁ“i‘f(jt“ﬁilwyt‘?& ndr eds of
cartridges (Rfjetdn HaPBhifitatn¥ RS dﬁfn@t?al andleAdh 8imensions, and some form of cartridge-to-

cartridge coupling. The coupling may, for example, include a male or a female ending,

typically with O-ring seals, that joins the permeate collection tubes of adjacent cartridges.
Multiple cartridges of this type are assembled together with suitable shims in a pressure vessel
to provide a fit that limits axial movement and thus avoids erosion of the seals by movement
during extended use. A springy anti-telescope/anti-shock device typically is placed at each end
of the chain of cartridges to support and absorb axially-directed forces carried by the cartridge
shell. The internal cartridge couplings or end supports of one supplier may not be compatible
with those of another supplier, so that, as a practical matter, a large water purification or
treatment system may operate using many hundreds of cartridges of a single type from a single

supplier.



supplier. 6 WO 03/039708 PCT/ US02/ 35352 1In the comrercially avail able
pressure vessels known to applicant, the feed entrance and exit ports are
| ocat ed swohwsnsEns the feed fluid will flow substantially fPcorasonss3snd of
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conveni ent han I'i ndri cal el enents are under

neter in | deigth ﬂ&ﬁ@nﬂ?@@fﬁﬂmswnq fes.tthe fepd pusemrating weppiecondsit fize aii sheet er .
Thus, the u i essure
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scal e plant_si.ze | at i vel eask and to nnect. with Ligstrea and
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filtration fikape clefrfts fwhidh 4pe alﬁﬂéxﬁ‘ﬂﬁl ah@are‘ly@éhﬁy Giged iblséiiﬁegnénﬂha]n%ﬂg o 1eQs .,
Desal i nati o S%ﬁsi nfeée I nc. proposed system wherein a feed enters &t one

end of an I%fegssaé?undswoat%mﬁ@r mk&gthsqﬁémqswﬂymmrﬁ@e@ of that
patent) is TpeTall

rigidly pggﬁtﬁ&eﬁgg‘ﬁ%ﬁ? %aﬁgnbréﬁ%qgwp%dﬁ&ﬁ#ﬁ go%/a\l/gtgl? eé?a%ﬁé%d of the
per meat e pippRsswe veshals providesta dexiblerapgpacti &rﬂhutgigsgi;scxfsllﬁemntMSupstream end of
t he perneate pipe of the next cartridge, so that pernmeate exits the vessel
in two places - a first flow of high quality perneate at the inlet end of
t he vessel and a\llﬁlectlmrldebfmmdtﬂefrahemﬁ“ﬁnuﬁuaéméryvébsﬂmmvmon@fﬂdcﬂ@bﬂﬁks’iz@omthe

sever al cartrl .at the dl(fta| end of the vessel. That
patent al s6e tLll é’@éf apﬂ inc e’qt‘wg upstream and downstream processes, it does not provide

much flexibility of the filtration stage itself.

U.S. Patent No. 4,046,685 issued in 1977 to Desalination Systems, Inc. proposed a
system wherein a feed enters at one end of an RO pressure vessel, and a ring (24, shown in
Figure 1 of that patent) is fastened at an intermediate position inside the vessel to rigidly
position a front RO membrane cartridge. The downstream end of the permeate pipe of the
front cartridge is plugged, as is the upstream end of the permeate pipe of the next cartridge, so
that permeate exits the vessel in two places — a first flow of high quality permeate at the inlet
end of the vessel and a second flow of lesser quality permeate, collected from the several
downstream cartridges, at the distal end of the vessel. That patent also suggests that such an
RO vessel and output arrangement be employed in a second stage RO, substituting high

rejection membranes to produce a lesser amount of a high quality water at the front end and a



RO vessel and output arrangenment be enployed in a second stage RO
substituting high rejection nenbranes to produce a | esser anmount of a high
qual ity vaDes/0zt708 he front end and a 7 WO 03/ 039708 PCT/ UBQZ/UB8B5352 gr eat er
anount of |esser quality water fromthe remai ning el enments at the opposite
end of the ressure vessel. This is intended to produce two useabl e water
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within a siybe remassd: fyrically several yeprs later Whgnisperd, by teayplde thgsppediesptirheut
trade-of f itH@gI; J ow filtration process. In a pressurized
cylindri cal vegggfeéggogglggﬁg lgﬁ%gi%ve, the feed fluid flows axially al ong
the length of the vessel to reach each successive cartridge, and purified
fluid passes through the nbrane(s) and is.collected as a neat e stream
Seal s around t?]ne%ﬁgtlanroldﬁreptsgﬁ?e’%ﬁ‘e 3‘%’&'@1’%&1’1‘ RS v]e%sglg%efr%ﬁaby passi ng
a cartri dgeyracsical lilvit to demusbérofifilteKionEletherttaihtictn 66 BffRtivalatilBedia Mis Muads] y

increases in.the.remaining fee ter.as it becones |loaded with the
"reject” of Vit PRSI .eﬁfalegf.h%t i§ 8 CoRFETRC HahedErofhivngrant dle 1 ow
al so decr eapqs flbw fiftRioR BrdcE8 Mt NredBERA loyhfaRehl vEkQ ks §QCHIE aNRRSRE kgl ect
outlet. This double concentration effect | ncreases the osnotic pressure
barrier andlvidfipysiapiallyialpng the lenghhe thgrvesselia reack each srsessing cartidge and ace of
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di fferent tratio aracteristics he pressur e
vessel . \Wheroynt threglerifnctet ef eaclacleménd geevera ithee foddofemn bypassingra cagriddepssthof f eed

fluid to the upstrea erneate.outflow and the cunmul ati.ve fluid drag or
pressure dr°8ﬁ°e§ﬁ%%f?8 OE“ ﬁeégﬁ‘iﬁis“‘f’}]@g‘?ﬂa?t? ﬁ?’gmh‘?‘fsg'vv“ﬁeﬁs?ﬁlf“ CIHMYYBT %‘Fﬁgw 5" #dbiuce
t he downst reesmeglicasdivih e “wilcl” dupiti@michittidhey eTRGIolimeT thd RwnSitdafRBRAS 1t
traverses the length of the pressure vessel. Each of these factors |owers

the produdlomalodegieasss i ragvingciony thevpssel desdrialetta 2o vessalneiset culef. This qual ity
of the downgikieaMcentration effect increases the osmotic pressure barrier and thus the driving

pressure that is needed at the surface of each successive membrane element to produce
permeate, and results in different filtration characteristics along the length of the pressure
vessel. When plural filter cartridges are placed in series, loss of feed fluid to the upstream
permeate outflow, and the cumulative fluid drag or pressure drop along the upstream fluid
flow path, also operate to reduce the downstream pressure as well as the fluid velocity of the
stream as it traverses the length of the pressure vessel. Each of these factors lowers the
productivity or efficiency of the downstream modules and the quality of the downstream
permeate. In extreme cases (such as in sea water desalination where the semi-permeable
membrane is a seawater RO membrane), the "last" downstream filtration element in a pressure
vessel may contribute only a tiny fraction of the total permeate flow compared to that

produced by the "first" upstream filtration element in the same vessel. Conversely, the



perneate. In extrene cases (such as in sea water desalination where the
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series. Even wth such vessels, and
factors may therefore combine to drive down performance or increase capital costs, operating
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costs or both in a way that ultimately requires steady-state operation at less than optimum
efficiency or at less than the intended or the rated capacity. For these and other reasons, the
capacity of RO pressure vessels remains limited and has become relatively standardized,
commonly holding at most around 6-8 filter cartridges in series. Even with such vessels, and
the ability to vertically stack banks of many vessels, large warehouse-size treatment buildings
are required to house a major RO plant, and better efficiency and/or greater compactness

would be highly desirable.

Because cross flow membrane filtration processes such as reverse osmosis (RO) and

nanofiltration (NF) are now routinely employed for water desalination and brackish water
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per f or manc ef basic umma!iuglthm hnmta:lmas r'Eizl oenstequqncmfmdwaxbla&enROeméNlF sys{thhSt er
cartri dge sso at fiittin at provide an increase in vessel
scale or fi F‘f‘g Ffl%i‘;’é‘&!'i gayvﬂlelyﬂ%ﬁl‘bs&aél r]I nental |oss of efficiency. It
woul d al so be deS|rabIe to provide basic vessel, filter cartridge and

associated fittings . . . .
It would therefore be desirable to provide a multi-cartridge cross flow filter assembly

and associated fittings of enhanced design versatility and/or performance.

It would also be desirable to provide basic vessel, filter cartridge and associated
fittings, or that provide an increase in vessel scale or filtration capacity without detrimental

loss of efficiency.
It would also be desirable to provide basic vessel, filter cartridge and associated fittings
that increase output, that reduce operating costs, or that otherwise enhance energy utilization

or maintenance efficiency of a plant.

These and other limitations of and deficiencies in the prior art filtration/purification

systems are addressed in whole or in part by the improved system designs and methods of this

10



that increase output, that reduce operating costs, or that otherw se
enhance energy utilization or maintenance efficiency of a plant. These and
ot her | i mivDaBioas18s of and deficiencies in the prior art PCT/US02/35352
filtration/purification systens are addressed in whole or in part by the

i nproved system designs and nethods of this 10 WO 03/039708 PCT/ US02/ 35352
i nvent i on.VSEIAPARY OF THE | NVENTI ON Systens according to the present

i nvention enploy a pressure vessel housing a nunber of filtration
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nmeet i ng rra qinReedet erm ned or specified concentrations or concentration
ranges. Treating only perneate from downstream el enents in such further
processes results in much |ower equipnent costs as such costs correspond
to the vol urret iR o S6nd dcBiHifle kO thR Preséii @RER b aS0R Wigedr € Of
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electrodialysis (either unfilled or filled cell electrod1a1y51s) dialysis, distillation, ultraviolet

light, absorption in or adsorption on various media. The treated stream(s) may be blended
back with a higher quality permeate (e.g., from upstream filter elements) to produce a product
meeting maximum predetermined or specified concentrations or concentration ranges.
Treating only permeate from downstream elements in such further processes results in much

lower equipment costs as such costs correspond to the volumetric flow rate of the liquid to be

treated.

One or more of the foregoing desirable ends and operating advantages are obtained in
accordance with one aspect of the present invention by a cross flow filtration apparatus, such
as a reverse osmosis (RO) apparatus, having an elongated pressure vessel, such as a cylinder,
with a side entry port. The vessel has a length to accommodate a plurality of n filter
cartridges positioned within the vessel, wherein » is an integer of two or greater, preferably

four or greater. The side entry port is preferably placed at an intermediate stage of the
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with a side entry port. The vessel has a length to accomodate a plurality
of n filter cartridges positioned within the vessel, wherein n is an

i nt eger oWOtodao3008 greater, preferably four or greater. TReT4iSd®3®BHLry port
is preferably pl aced at an internedi ate stage of the 11 WD 03/ 039708

PCT/ US02/ 3535
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o 1 ) oncy SHITERT R 970 Biret e el RO rageaeaPPAREEN ) ong

short fl owspatibseleméhts. O sybtei Produtdy ailirvsticamusietliancqarpeaficatearatisfop per
stage. Each filtration branch conprises a relatively |lo unber of filter
cartri dges effigieney,and qenlitys efhrdaree pireliee pEGgrtyiders arrenged P‘OH%Q{?P oRrRpthszad
cartridges QOREELEDer HacsEries wth each other to pass
per neat e togératﬁ‘g%%m}%lgﬁtg ev'?fa%'f?ﬁe nunbgii) a cartridges accommodated in

t he pressure vesseI is preferably even, so that t he branches can be made
symetri cal / es in e , try
port may be pI a %c @F‘&wg S 8PS %%‘geli}flf)ngﬁ a o\r,%\ﬁﬁﬂé:ahn%g ?% 2\3§ssel
or the twoahd abehededbly 301td3ﬁ['1hl\ge§)3 ancBKhe Gam‘mgast &f etéif Yraxich ate dommdoted $n wfies
cartridges, .e.qg. X n+l)/2 and

5-3,.5-2 or 4-2

appor t i onn3fih eagh ot tt‘i’P%f’éB%’m éOPSR ?n%‘f‘{"b fber, dﬂ@%ﬁftﬂ‘&'@ﬁusl y enabl es
desi gn of é’cg)ﬁiﬂyaﬁtreﬂﬁlﬁlé BREIR VesRV B bRIIRatIPEveh 8 That HRWrARRRIChl ®YARRL t O
produce two different-quality perneates. The hi gher quality permeate from
the | esser smaetncai fwlthann eartdigees imeach braneh. | However therside atsy perpiay baplesed at

per neat e. r | ]%F,% st ream of
one br anch""rlrl*gn nkere Sm %‘qgmtgo ¥ %SJS&? H%%at?rgg%nb?mg%‘%g%a?ﬁh %he per neat e
st ream of Tab@nmﬁidberdlﬂ&amainnbmyoffdaﬂﬁd@s Ryma@s1)1 and (b hath)/2i er dd-Brtd2dr 4-2

downstreamto form a product e ut of desi regy %u&sgcf stens of
the invent |aBE’Prﬁ‘E1‘i‘Fe€¥/%tp°&rt¥ng?§ fg@o’éﬂ%ﬁf” epent Adyaniagepysly puable %‘E‘F%Iy
convent i onglyyfislid ﬁ‘@atlﬂérﬁ PR EBSIEN oW B)pofiibninBat 16 Prolub XdRiffpént Ghdlity

cartri dges and each
permeates. The higher quality permeate from the lesser chain of cartridges may constitute a

bypass fraction of permeate. In systems of the invention, for example, the permeate stream of
one branch may be subjected to a further treatment stage while the permeate stream of the
other branch may form a bypass flow that is blended downstream to form a product water
output of desired quality. Systems of the invention achieve a flux substantially higher than a
single conventional in-line pressure vessel having the same number of RO cartridges, and each
end or branch of the vessel operates at the high initial flux and low concentrate levels.
Systems according to embodiments of this invention may be implemented with little or no

additional valving or special plumbing.

Large capacity water purification plants may employ plural banks of such side-entry
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end or branch of the vessel operates at the high initial flux and | ow
concentrate levels. Systens according to enbodi nents of this invention may
be i npl enwotoad3amws h [ittle or no additional valving or spetiwh2/pizanbi ng.
Large capacity water purification plants may enpl oy plural banks of such
side-entry 12 WO 03/039708 PCT/ US02/ 3535 vessels in series, tg achieve a
i gh capaci E§ELLHEES ©ACHEVHa Nk DN KoRS Ve Ty Ao ma copeprise fhe game
di fferent nyiatuterdit niifBet OF Sossel, oMV RS8R oF a AlfferenflichdtR boAprisin WHthent RS N
different nunbers of filtration cartridges. The s%/stem may enploy a
i

booster or afAlterier easidgerplhaisesiom ry emplebibensice aninteréas pume akeadfa i n t he
art, to Setdo@vngtlrééﬁfﬁaﬂkla (?V% Rifesnt 'E(?segi' "ﬁ{l —g@'inrﬁ&é%f ;Eéssﬁrgﬁ}al glglﬁ{a gghe
ystens may n

through-flow at a m ni'mal power cost. e confrgured wmth fl ow
val ves t halesirdythrbegleow riod hinitndl powérrcestt  Sylsemp eragrbatanfiguredwithdowamkes 0 back

flush to,effect cl i ng.. | f t h t i i
oporat i ng. Qb eSmEeY ey e Gmetn OB RS btk back o ot Chutkern
Advant ageoustlys ofaystherBanfo 4916 nalivanbpelingefficRp&T oFtiR: vatibiy afkver nddgiss ur e

drop per stage conpared to systens having the same nunber of cartridges
with end- ve¥Ed the sysfem. SAdyaptagrauplysystemsplihe ifppntionmay oneratewith lopeg presspea em

this may Obﬂb@%& staB& coifsated 19sysidins Halth@ R SAREMPARE blartridRd with hdlbds8g
enabl es substitution of |ess costly equi pnent, and/or different

confi gur at iiolats aod ouslgts Jne iwo-stageiormauidsiage wystdm, dhiis viy elviateithe needefoi an  of t he
first stag re re [ 6 St [ _passes. Si entry
pr casur e vauS Al boodth A oleh UO SRR S HAPRER ndof et L
vessel havicgfiguratiodeof ayhipineposid recivery of of disect uitbiaativh of fe findytagd Gnputi t S

| ength, and a feed,water entry node adapter configured for insertion into
the pr essur@eﬁgg%qov?’étr%?"bﬁggef%bws%?ﬁ' the vessel's side inlet port. For a
vessel of length L, the inlet may be positioned at L/2, L/3, 2L/5 or
simlar fractional |ength. The adapter is then positioned to serve as a
spacer or separ 4t 8¢e eirypressymypisclaneprding tor the pxesasb invention ey inchids apressire i ngs
of contai ned.Lj c ' ; reaLd . h, poj

b1 ur cat or e 15k, 4§ R Bl AiTonBP S LA ARe nfy ioBME RS wilY £ fier
cartri dges eniranodemdaptsseinfigurbdfor inféréomrintarthe peshareadtsspt tora pusition atcthabsselis

sinmple inter;cartri space r i nc] ude t hr.ust .ab i ructure
aggip nst whi &S 'gfr%jgorg‘? %toﬁgpvgﬁﬁeg%%ﬁ?gtﬁ@gmerIPEEE’@' 3515’9?‘“%6935\;%%&%@%91? es of
cartridges siilad fidétneerigth. DEhSHIapELls Yhe P bitidr @6l sotid Astr sph@s bf §dpRdtor at a

tel escoping forces on the cartridge body. Thus, the entry node for a vessel
of n cart riHEO8 RDHNPIAL hrEwees dyp dEnglics R Strings of cataingd filigt prstridgesaenerasing jas

posi tion alPn@y bhfc BSii€Hr bifurcator for flow in both branches and permitting feed flow to the
cartridges via the vessel inlet. The entry node adapter may include a simple inter-cartridge
spacer, or may include a thrust absorbing structure against which ends of the adjacent
cartridges abut, allowing the series of cartridges in a branch to be securely positioned while
resisting telescoping forces on the cartridge body. Thus, the entry node for a vessel of n
cartridges would be located at 1/n, 2/n, 3/n or other fractional position along the vessel

corresponding to an integral number of cartridges.

A filter cartridge for use in a system according to the present invention may be a
conventional cartridge. It may have a central pipe forming a manifold communicating with the

interior of the RO membrane for collecting the permeate from the cartridge. Typically, each
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corresponding to an integral nunmber of cartridges. A filter cartridge for
use in a systemaccording to the present invention maybe a conventi onal
cartridgewolos/osergs have a central pipe form ng a manifold ®cmmsn/assing with
the interior of the RO nenbrane for collecting the perneate fromthe
cartridge. |caII each 13 WO 03/039708 PCT/ US02/ 35352 central pipe or
f1 ow t ube, ey pie oY e s < odheF e strugiuse serlipgly fmigr s Mithor gprnpetyfo a
connects t Qoaespsﬂdlﬁgeﬁlap&datﬁgm;%%a&h{daﬁhugee atf fofs @éyaﬁﬁa@ doafm@ih 5' dge
and forns a seal thereagainst in a "manner known in the art (g , a
short st ub-Teasnerdaown Jn thap (g Vith 8l ghertaip-eanaestdrh cTILmrtadgedn@/lalsp |111Célde nd cap
having a p 8al; l t wal | of

t he vessef\({gg%ﬁg |%a§ ou %Qp&(fhergf‘s%l Qgé eetﬂ&tssea@%aﬂ%&hé% O r?éthseeal or
packi ng, orvessa}yaldug ita outeo edger Thewhlmyﬁncmdahﬂ @-rinlg@xalbf packing) or niiydBaas a

Che. pr osontormAATORbHEpEOEE e dPare b p Pl o VG S8 < of

filter cartasidd@asy havdl BEtht Priént GREM IO ths Ratbdls dréprefably oI H5th R0 ditk &€t i ons
in the two branches. This permts both branches to obtain suitable seali ng

around t heifftepertridgsshgvingther ehexren seeleficing ineppasitsyisaetions indhe twattranshesnabl i ng
each branc RPN ction
wi t hout | amﬁ%ﬁ%r exlg%rl)l&reﬁ@g%?ﬁ u}sfsﬁfﬁém%fa?@gg?ﬁehnﬁg@{ ?ﬁ{? pg%\@nt\?\fn& ggaﬁdr awn,
when it is strearebypassyflave whiptrablingteaeh lwanchite beyesovalfiom thdlvgssataldnganr espect i ve

nvent i on, Rk ol RS B, “FREGMRR ofb otk SrsARBRbPRLS | ona

seal s aboutwithdeiwn, when ipReeesdady o reples thetcagrid @e, bubldrei &t i esPectPSAd HU
outside the cartridge to downstreamfilter elenents ("downstreant in this
usage bei ngh® Ysiteknded to mean further removed from the side entry port,
that is toward one or the other end of the pressure vessel), a tool may be
provided for cartridge installation. In accordance with one aspect of the
i nvention, ther&agre diemb‘lﬁﬂawtpﬁ@lsaﬁneawfdhﬁmwtlom,h’dlenﬁp@aﬁmmsca@hcover or
conpress t e ol may

i n(r:r}) ude a gﬂg‘ééé%g%ég Or ?Jnd“gﬁﬁdél Plgseélggb%'h{ fh&?pér%&x?rg&@ﬁrgV%nz?}eofwdg I'F ﬁf’ renti al
band, that passing ontsgle thdwrmﬂmp(dnwnstreamtﬂltetrelamts (f‘dbvmstiléalm”t]@ﬂmaersmetbemgl di ng

insertion of, t cartr e i nt o Ves ei t her d| ecti w t hout
seal damagd™® ﬁ‘{%@“}‘&}‘éﬁ“é"g f"é‘i’oé’%ﬁ ﬂ&%‘“’rﬂ%?ﬂ?@ﬁ“s‘h‘?ﬁsmﬁ et 931*‘3{ F¥h t ool
itsel f nmay dfeheqppstRire Vel )wmm bé ﬁl‘émdéchﬁ’)r vaERReE indfallfion) Mat@dAtd W |t may
be forned of a soluble materia such as a sheet of |ow cross |inked

nononeri c (PO $IPEFt of the ipyepnafheee i ig propidpdhan installation tool that operates to cover or

compress the chevron seal during insertion into the vessel. The tool may include a sleeve or

thin envelope, or may include a narrow circumferential band, that fits over the chevron or
other seal in order to permit sliding insertion of the cartridge into the vessel, in either
direction, without seal damage. The tool is preferably configured such that the insertion tool
itself may be completely removed from the vessel after installation. It may be formed of a
soluble material, such as a sheet of low cross linked monomeric polymer, or otherwise soluble
harmless material, so that it automatically dissolves in the feed stream and disappears after
installation; or, it may include an envelope or compression band having a construction, such as
a tear line and pull string, that breaks the loop, becoming a thin strip of sheet material that is
readily disengaged from the seal and can be pulled out of the vessel after the cartridge has

been inserted into the pressure vessel.
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harm ess material, so that it automatically dissolves in the feed stream
and di sappears after installation; or, it may include an envel ope or
conpr essiwo oBasdohavi ng a construction, such as a tear | ipog/tsozi3el |
string, that breaks the |oop, beconming a thin strip of sheet material that
is readily disengaged fromthe seal and can be pulled out of the vessel
after the cart rlnRfeomdansce widapotheraspackef theingentiny, one esBgrechgekaalvps, 14 WO
03/ 039708 R T HoRR4r 3B tiohs Wit ﬁfagﬁgﬁﬁd\@rmvmtaﬁﬁfosﬁ m%ith(ﬂlfa A .
invention, one or nore check valves, restrictiolds or obstructions, which
may be fi x@dssage afthedice cartridgesiowhtin omasdt thetehd ofthe ¢enbal pepasatecyee affa t he

filter cartridge ch in or .at.the end,ofthe.central. rnmeat e tube of
L bt G SRARER shPHER dofeaf o tidiend PmERE pRy LRI T AR ERIRR, °, [ P O
regi on frompeinvate foer dieding ahdtber réfidredlonpdhavsstdheAltdragively, atlbngves,iestnabae! .

Alternatively, such valves, restrictions or obstructions may npdul ate the

I
pressure of°" BpsRinns may 810dRlete the prsguTsOr BirSRIC PR PREeAh frch chtadze g rol the
filter yielghsaBsk@inelRt Vit /b QidlicyHhithb i dieidihg e PEfiEBRL Bbs bhiliRed hahdred.
In the latter case, the pressure/flux characteristics at each cartridge or
regi on may lajter ease, thopressug(fe charaterishies b dachicasrideeof raginn maydiersedo gradigaa. The
i nvention I m archi tectures and net hods of use. A
met hod of%%§§¥§gﬁ%#%§§§@?¥ﬁ%€§¥s age includes the steps of |oading a
plurality of filter cartridges into a pressure vessel such that the
cartridges for wp strings.or branches of serjes-connecte cartrjdges
Wth ther per by BElph B inghdiRu Siert weREchrS aSSBROEIS & vt dunphoT he
vessel . BRI EmfibhSeR fkk AbdHchldd tHoRAYE DSSadihes sluRls @ cafifdlesngsa Of t he

invention will be better understood fromthe follow ng description and
cl ai ms, t alETWSYessel sychipat therqagtidges farmtyeskings orgpranchepntseries-somseirdrent s and

useful det %Lxltﬁdsgg% Oﬁvﬂﬁﬁ 'b@ﬁﬁéa&rbuﬂg\!@ ﬁfsgr%s@% %ﬂéje%:éftﬁe %p%dskté’ éﬁ({ﬁ AFfe VQSEél.y pi cal

prior art cros I Ftration vess ter cartridges; I'gures 2A
and 2B schematically illustrate operating characteristics and cost of the
device of H i | size; Figures 3 and 3A illustrate
a nulti-ca IQHﬁfui 5 present invention and spacer for
use in the vessel; Figure 4 illustrates another enbodi ment of the
i nvention; Fi e 5 illustrates. another enbodi nent of the invention;

g’f’ ese and other features of tﬁe glventlon will be better understood %rom the following

description and claims, taken together with figures illustrating exemplary embodiments and
useful details of construction, wherein:

Figure 1 illustrates a typical prior art cross flow filtration vessel and filter cartridges;

Figures 2A and 2B schematically illustrate operating characteristics and cost of the
device of Figure las a function of vessel size;

Figures 3 and 3A illustrate a multi-cartridge pressure vessel of the present invention
and spacer for use in the vessel;

Figure 4 illustrates another embodiment of the invention;

Figure 5 illustrates another embodiment of the invention;

Figures 5A-5D are cutaway schematic views of embodiments employing a
conventional vessel adapted for use in accordance with this invention by means of a permeate
stream plug, valve or flow restrictor;

Figures 6A-6C illustrate yet other embodiments of the invention having enhanced

utility in staged and other treatment systems in accordance with the invention;

15



Fi gures 5A-5D are cutaway schematic views of enbodi nents enpl oying a
conventional vessel adapted for use in accordance with this invention by
means of wWOpamnsswget e stream plug, valve or flow restrict oPCTRiSQusis2 6A 6C
illustrate yet other enbodi nents of the invention having enhanced wutility

[ t d d of.h t, t { ' W, ¢ ' jon; 15
W0 03/ 030706 PTRURAZN SaBaAbY bl EEERE AR b LR 27

treat ment aygERAXbNSSaRAIsIA bdtgrdandrvatahettvertionw filtration apparatus in
accordance with the inventjion; Figure 8 is a Si i fied di.agram depicting a
si ngl e menbr aneFigepSrint sinlifisd diagrm degichpg? Npgle MAXDRRAGSRUPHILIEA! vi ded by
means of t | ' F o Adfis@ble BBcBntRB RibbGhéde &1 gure 9A
is a sinpl %ﬁﬂhﬂﬁgﬁgﬁ?e&gﬁiﬁﬁg&%ﬁ?ﬁ?ﬂﬁ?ﬁ@?ane separation el enent
enbodi nent maintthanifoldpvabl e, nmechani cal |y def ormabl e plug in an el ongat ed
(non-pl uggi ng) .State:. Flaure 9.B | . S | fLed gl Lokl ng the
singl e nmenbr aneFlg%rﬁ??alf ?81%:1'1’)([:1? eél rgéa%{m%%ﬁ%%gy rr%ﬁr%%lkg |dgg %%H%ﬂ%{)ﬂ%{lﬁnﬂg its
mechani cal kybetihei withlagnglablg, hechaiatiypefansbll plygliu ggelogpated<natEnggiigyur e 10A
is asinplified diagram depicting a single nenbrane separation el enent
enbodi ment S@#% h a novabl e, hydraulically or pneumatically inflatable
restriction obj gglreeB B a sifplifif@Hihgai)desibiipithd iinFl&‘&brﬁh@ﬂch ftiofleted@htn g)
state; and Fi gu?%al(()gggi S gﬁ%i ryplj?i@lgd %i agram depi cti_ng tlksl,éei si ngl e menbr ane
separ at i onewbediment of Biguire; Gy havineix meshapically, defprmabls phig iy 2 ﬁ%l?rﬁﬁs%&’ﬂigémg)

i nfl at abl S{fra%it rictor is shown in an inflated (plugging) state. DETAILED
DESCRI PTI | LLUSTRATED EMBODI MENTS Figure 1 illustrates the context of
the invention, Eigmeil0d iby simplifiedfdiagreamgidpisting & yipgle aiembrnesepareliorrdmept essur e

vessel 10 of ,the pri.or art at. holds a pluralijtyv.of,.rever i s or

[T Ttrati on HPERev bRy afpBuhRaly Hndid SE0GH RIS o1 |
of i1l ustr ahinRf) shoRhlin deflafed \(honlideingy sistepdnd shown, al t hough as noted above,
a vessel of this type may .in practice be  sized to hold six to é’iffght or

more RO nmenbr anEighsd0Pdsa simplificd diagean dapicting, the siogle fpemprane separafion glemang ¢
feed fluidafiefeS 0B R ¥WniTR theGhGhably PbdiGinabié BiataBle PestrRfor REMBRA irfantiihtedn as

passed

<

(plugging) state.

DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS

Figure 1 illustrates the context of the invention, showing by way of example a typical
conventional pressure vessel 10 of the prior art that holds a plurality of reverse osmosis or
filtration membrane modules or cartridges 12, 14, 16, and 18. For clarity of illustration, only a
few cartridges are shown, although as noted above, a vessel of this type may in practice be
sized to hold six to eight or more RO membrane modules. The illustrated vessel 10 has an
inlet 15 for feed fluid at its proximal end, outlets 20a, 20b for permeate that has passed
through the filtration modules 12, 14, 16, and 18, and a reject or retentate outlet 30 at the
distal end for the remaining (unfiltered) liquid residue from the feed stream. The feed is
applied at one end to the interior space of the vessel, and the permeate is collected via conduit
22 located on the central axis of the vessel that serves as a collection manifold. The conduit
22 is typically comprised of conduit segments that are each associated with one cartridge and

are suitably coupled to the interior of a membrane carried by that cartridge. These segments
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through the filtration nodules 12, 14, 16, and 18, and a reject or
retentate outlet 30 at the distal end for the remaining (unfiltered)

i quid rewpdBe3df0om t he feed stream The feed is appliedprat/usnz3ssz to the
interior space of the vessel, and the perneate is collected via conduit 22
| ocated on the central axis.of . v | ection

mani f ol d. %rﬁ‘%‘&?ﬁ&ﬁﬁs maﬁge%m{ey]%?‘g{floﬁéé%gen% lra?]gn §%%%¥§%§§§%@f&gggn~em s that
are each aEgAGhALED At Sthaneg.sais shidrokyeb amdectars 2225 bavingiP-yingoupithedseals t he

interior of a menbrane carried b at cartridge.,Thes : 6 WO
03/ 039708 therppryinpmamgsknovgy,in e|ﬂ¥‘er a?wrﬁaaa’sgﬂ%t%)e P%%‘ﬁn‘a?\ag‘@gs?atr‘\%‘%ﬁ‘;l e or

femal e COU&H'B&% cordet 18 permteaididufletRéts indneloR beth ¥ewREIRAd cdps. Aathh end ditach e. g. ,

via short stulb connectors 22a, having Orings _or other seals. therepn, in a
manner knofiter cartridge, aap or Wi (ptrshesy) avayippryideshaneriad srusraigieidiy #hign aids|  end

cartridges. connec Lie RRE siPdamBlréhcN BR2Rbosend caps.
o e 9o RABAEH b LB Al b e B8 OBl

ge, cap or plate (not shown) may
provi de shapfcandthstontside o the nrempraie.tapd wiich magialss help resisbislepjonz ar general |y

open fluid path for th jgh pressure feed str,

surfaces ofcferati Wﬂ@egﬁﬂﬁ’ﬁ“ﬁ% Ysip e Vﬁ%s&‘t' v%lglg%g %g%/n%g#%tdhe %@%:‘iq{sjt
t el escopi NghcAkartr@BE 90,NAL J. @it denidsing: g irep Wald bEeesset 80 fol assse that thhied essel .
Seal s 26 extend around the outside of e.c{] C rté{"{xq’?aﬁ 12 %13},413 and seal
agai nst t heroesdedowisirpany fromdbegrpximgl ff’_éh%fg% ead pip tHeyessehanly byfloydisdts
downstr e_anggqglg{& 5&‘85s%@%érﬂﬁhne}}sﬁrﬁ&ﬁg@écﬁtsﬁéceﬁm ciddpen the vessel only by

flowing in equence across the nenbrane surface of each successive
cartridge. One common RO cartridge construction enpl oys sheet nenbranes

wr apped about foam s er f { i weund into
a cyl i nder- sha;@&e CEY 8”%%%% cc?r{s%ch{&{l %@‘@gfﬁ‘gﬁ%ﬁbf %@erf%?ﬁ?hag a:wel ope
interior ceaffpher tofolnaeaivedbe thar inspitabwonid istota aylindei-geped @ftridgd ydre 1) .

O her cartridges ?rayoe | o d%)?f rent, geonmetry or structural | Wiell For
exanpl e whéit gﬁ@mm??rlb‘? féb%nﬁ‘g?ﬂedwe‘ﬁ‘grwgﬁ%éo?F%ﬁag?er?]'hage ?Oluge}’ stp;?gy be
potted to gfﬁ??igml 19S ORfer Ee{}ﬁidﬁ&qﬁay_cb?%ﬂll iaért pbsifkeryod Gltudtliallajiobe Homt eri ors

of the fibers connéct to the mani s, which thus collect the perneate
and, in tuexampowanthemembranes aredofey pemeable fibgs, she finets mpy|be petteddg)| | ect ed
permeate to, thSio h%qsh?s S8R ot ef)gucﬁ Eﬁt 1k GRSk CortESHRls cofiddfio the
arrangenments and r 8136

geonetries nmay e used to connect a feed conduit and
a per nmeat e niautfislds, which thnswollectthe permgite and prpluei, cemmimdeate with @ pemageBIPaAS.

General ly, fqr, an syste t fee ress Pi i t is well
over five & gﬂ’é’ﬁﬁ@ﬁ%‘? pfﬁaeq’}eotf’qge (Hﬁli"g? go%‘t g%eolirst@ea%gs[s%% V%‘\%a %gess may be as
nmuch as fi fipindemeh 88t deoltetiRs PRLAISSbeIsedr @nndcos fedd tatidni) atdwepquaeatetube on

in communication with opposite sides of the membrane. Generally, for an RO system, the feed

pressure P; at the inlet is well over five atmospheres, and for a multi-stage seawater RO
process may be as much as fifty to eighty atmospheres or more, for driving the permeation

process and achieving suitable flow.

RO systems typically employ a large number of pressure vessels 10 connected in
parallel as a bank. In each pressure vessel, the permeate outlet pressure P, from the pressure
vessel is lower than the feed pressure Pi by an amount AP corresponding to various internal
sources of drag and the required transmembrane driving pressures. This pressure drop may be
regulated or controlled by a suitable back pressure valve or other arrangement, and may be set

by feedback control in response to readings from one or more sensors, for example to
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process and achieving suitable flow RO systens typically enploy a |arge
nunmber of pressure vessels 10 connected in parallel as a bank. |In each
pressur e wo93m59708 he perneate outlet pressure P. fromthePprassusss2 vessel
is lower than the feed pressure Pi by an anount OP corresponding to various
internal sources of drag and .the r i e v essures.
This pres s‘iﬂné’e’éqa@pfohrﬁg}‘pﬁgmrer‘éa&ﬁﬁmé’f 8 ﬁg?ltﬁ%%n%%g%{g%&g gﬁ{e{l gltt)vlo(gp%gck
pressure Vakis iPlse@this perdichte BEHUES fod taris nerypakeROenit. Sinilide disaciketcontrol in
response to readi ngs fromone or, nore sensors ;?r g)balg{rﬁ)tlte écove17 WO

03/ 039708 fEHN g st bank aipnbe fkddp @ spoopd P fipherage KQUIG A I8YE of the RO
transfer c k&t A1t of WS RS conddibiaRréject YS&Mh, ahdihas ghanceat e
output is {@gﬁ@%ﬁ{a‘ﬁe} ér%ge>‘§<ttofpassqﬁl?zacl)iwlli\%iro!t:’h(?£ Simlarly, Jt he %}’ect stream from
the first teaserysay be fed to a second or further stage RO unit to recover
additional water, albeit of lower quality, fromthe concentrated reject

stream and thus enhance recovery. \Wile not specifically illustrated, the
per meat e t ubes Whileas kpeeicillyiiligratey,pheperhgatéiabes, of eash daritidgedyrieadly havgi t h

couplers that have, a_seal  structure, ch _as one or nor t hat
enabl e t heotEierOPRRGEWith cauplers tﬁ?@fﬁ?"‘?’ ﬁtsgai f%futc“ﬁf’tsﬁc B Rah" %%F%&q%%r meat e
tube of ane&@ie@ﬁ@é&ﬁrid%@t’btséélﬂgl? int&PENRTIRhk Ynani®I of prememerinbefancadiatenit dges ar e
| oaded into the vessel and remain held together by cl t he,vessel with

. 0Ssi n
an end capcartiage dGeussaliisall thevaembrang cagridges gredaaded inteythe vessel; ag‘éfﬁ“@msl}‘? nay
be inserted durj [ | Qsit | Gl rQenficirtddsg. chai n of
cartri dgesg%gg%ﬁfzﬂhtg’gc\}%sgl é[ﬁ efggﬁggg %ﬁgﬁi cg)%aénd;d%agggﬁlf&to th(g,1 perrrgegate t ube and
const i t Ut e Shindle shitsmentte isatalduriog thesertridge istallatidnerreesssie|fit thpgprieaf | y an

anti-tel escopi devi ce havi the form,of el i springy
spi der-1 i k&mﬁf‘gg%to Eectﬁs?g aﬁ%ﬂgfﬁgﬁa@r@g S?af'lngo @gpﬁg‘%ge |eﬁhhg§§?¢uﬁc}§é at one or
both ends gfleh® oVifnb &medtiof &ir@hedssel. | Tipicalt arantinelescopitedavice bavieg/thand i n
approximate units, the transnenbrane, fhllg t hr ough eglch C r{hrid 8,83, @
function offoraxafespaguhas dexible grspsingsspider; qxlghﬁtsﬁc“gﬁs o 6‘8’?8‘3? Sﬁ%ﬁ” 888 the
vessel of %hg%%é%neg%tﬁg&%%e%g. cal cul ated for brackish feed to a

ge

five-cartri pressure vessel and a driving pressure of 59

at nospheres, with a back pressure of one atnosphere. The Figure shows a

progressive redyct i 0 g LA . lokihat RO She SIAAGTRAd ON for
each successi vekl e%@%%rag#ﬁ%%ﬂ?@\glg cg(ra%{(?%lsgopr gssure vessel. As noted
in the di squsS$ireuphaacvertritgd & arfabtion bbmartridgapasition elquethe dength of heesselogthessi ve

Lnerease r;ls the vessel of Figure 1. The figures were calculated for brackish feed to a five-cartridge RO

pressure vessel and a driving pressure of 59 atmospheres, with a back pressure of one
atmosphere. The Figure shows a progressive reduction in flux and in recovery with
downstream position for each successive cartridge of the five cartridge pressure vessel. As
noted in the discussion above, this reduction is a consequence of the progressive increase in
osmotic barrier due to rising retentate concentration level and to decreased cross-flow.
Correspondingly, the passage of minerals through the membrane in permeate rises
approximately four-fold by the last cartridge resulting in poorer quality permeate from the

downstream cartridges.

By way of overview, Figure 2B schematically plots the average flux per cartridge (the
total for all cartridges of a vessel divided by the number of cartridges) as a function of vessel

length for vessels holding between one and five cartridges, based on the fluxes of Figure 2A.
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to illustpPaed OPﬂT?SlPS‘?J fhasee foﬁgs'ir/aéglggﬂmg%%a? StSJenc | 'o‘r?g 15\\:§F)§ﬁrﬁﬁlla(.)§f:t§g

mar gi nal  CQRdrtsPek infcAdnchtaligRse] b &5 additibriabeartridgeaholdingcapecifyds loer, smoeazheg ht
cylindrical vessel tube. As is 8parent fr t hese charts t he Jincrenental

vessel costwe gesselqnd ¢4ps A sicaificantly depse F?S’P’&ﬁ“f‘?g}‘@é %B‘irtf‘gf’ meminglgostqithee { he

two vessel ?l'ﬂﬂ lgaﬂpéssélrb@df ' %%fdltﬁéﬁ'gthltﬂe HOEReRXIRR s\dBlufeﬂal’cbnééF QedRdl§ dé oot
nom nal cos { he cylindrical vessel body. Thus, although the

i ncrement a Iprd\dldm rogtedo bicieased lux bbw@btw@héb@@t Elltlﬂb"esiﬂ et "ele%t fos thedirsto
| ncr eased f ?r? }dsFrca lengﬁhgag%{ﬁé%r Ig‘g\ﬁ@t%d hﬁHVE cﬁllcllcl)t\[f ﬁgﬁ;@ %ﬁfé?lﬁtaﬁe ﬁvle% dgfeor the

first fiv wever, ove alty rops off;
and after aeﬁ‘gtm&lecimtifdpdgﬁuobvengnhs oomktmnﬁlnnp(osekamactmalu lirrht dfabart sixThta

constraint i s pract t ut si te artrl | engt hs
on the RO Wi alﬁ 33’6“1 é‘ﬁHﬁsse]f n?@agg’i‘?n ?éﬁqﬁrém ﬁlﬁ%t OnSIdd’%§1 Ger ed,
as el aswéufa@ 'tHen&@;ﬂicﬁﬁ@ﬁf@EtL uireRets. N BRER0AlERg pidpensig o ihe garidepewilivaty with t he
cartridges wll var eir position | n_the chain because the upstream

cartridges tbcupmsmen @etha chpinskacaise therpseram “ﬁ-@?‘ﬁ@é?ﬂ?ﬁe%ﬁ pisEeAss QS am ones
experience p {'Ii: esartl&p#vgﬂ& %(%@;J@é%??&é @)hieﬂérk}{ siibRtal@il h%ﬁer By a¥ WOPAQHS

cross-fl ow™ These e and rate of nenbrane aging.
Overal |, mgdnwtcrase-rﬂswd’ﬁhasm@ctomctfth@typc and g membeane agirg: é)‘fﬁéﬁ%a unit of

flux would a rt e creaefrom b / n|t

with incr eé’%‘ﬁﬁ&g‘%@g@ﬁ‘gqg %aﬁ%rﬁ'-lg?ﬁev\??F oS8 09%’% ﬁ’gad g&e& té%e§eg ts (at

$300 per cafetfehfdgom fHout mvmseszvﬁnm dvitmtmaﬁngoms,el lerpgh, t owdver; oddingoier  uni t
the cartridge costs (at $300 per cartridge, for purposes of illustration), the total cost per unit

flux would dip slightly from a high of $80 for a one-cartridge vessel, and then quickly rise
again after the vessel attains a few cartridge lengths. Thus the unit cost for longer pressure
vessels (i.e., more filtration elements in series) in an RO system is not particularly
advantageous, and permeate quality is sacrificed. Substantial savings appeaf largely in the
reduction of plumbing connections and number or capacity of pressure pumps or energy
converters. Thus, the multi-cartridge vessels present a not particularly well defined trade off
between initial capital cost, on the one hand, and water quality, capacity, and

maintenance/replacement expense on the other hand.

Briefly, the present invention addresses this limitation by providing an RO vessel with
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flux would dip slightly froma high of $80 for a one-cartridge vessel, and
then quickly rise again after the vessel attains a few cartridge |engths.
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hi gher quality "front end" per.neat.e racterj sti.cs. t ecovery is
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al | ow ng a comwsatidnaDpredtheamisalgeous new system configurations. Q her

enbodi ments, discussed below in regard to Figures 5-6C achieve a branched
flow utilizing one or nore perneate flow restrictions, obstructions or

valves, W th ei g)esaydrstadies Mrh¥idelent@y erAHRIAL, it kry Biag 56 b t8e ¥tss6fa By way
of exanple, for a side-entry enbodi nent, the entry may be at the_ center of

a four - carfourradytdgesisssel, progheing permepty Broreh two brapdigy pf tiparridase prel. Bt t wo
cartridges ga .t he. f1: ' = i | | ing two
branches oftﬁﬁf %trl}trer ggarntaeﬁghé tgcé}grldgg? %Sgél-f%?m%a@v;g b%P%hgg ggé)l{lﬂv%ﬁ;ﬁ/d%eg %?Q)cgl's |It{ Ilﬁﬁ ed,
e.g., one- talimakively Helpesitioned 8. gnapeethisd of thawhy alolgpes stesasteidge yassall pedduging t wo

streans of permeate conparable t hose aof a two-cartri.d e .and a
four-cartr itg'ﬁétre%s@é’@qg‘?{eé%mgﬁ@? %’nt ?Secogﬁg‘?' ?'ﬁ%ﬁd%ﬁvesi% aj\%\ﬁ %Guﬁgaerla%l ?eci at ed
fromthe digeedhsticomvehiidii onstrittios EABWI VeSpfreaiited fbiYhedidcaswionaktetn dges al ong
the length of a many-cartridge vessel, to  produce a fi rgt end per neate of

rel ativel y Rpseuetipreiepblyaiey sargilestaions e lsngthaba wagiHFaRHdgRYPsseh Lo 1 urt her
treated if PIEEREFRY cnd ékrﬂéﬂ@ﬁfrtelgti\}eﬂ?éo%aﬁﬁalﬁﬁ%nd)élﬁe_rcéﬁci end PERNBIeMvhidhi iy © 3
illustrates, partial Fy n cut-away view, one enbodinent of a side entry
branched f |teuntes sredted H0csrdryc in@sder o wresselthe eveiamecoyeyem 150 of t he
present invention. The

Figure 3 illustrates, partially in cut-away view, one embodiment of a side entry
branched flow vessel 100 and cross flow filtration system 150 of the present invention. The
pressure vessel 100 has a centrally located side entry port 105 for feed water entry, and has a
flow dividing structure such that the vessel entry is a node between first and second
oppositely-directed flows of feed along two chains or branches of filter cartridges, chain 120
comprising a first set of cartridges 112, 114, and chain 130 comprising a second set of
cartridges 116, 118, respectively. Two vessel brine outlets 125, 135 are located at the
respective ends of the vessel 100, and as in Figure 1, the cartridge permeate tubes are
connected to permeate outlets 20a, 20b in the vessel end cap at each end of the vessel.
Branching of the feed into two separately-directed flows across the two chains of cartridges is
assured by the peripheral seals 126 (which may be the conventional seals 26 of Figure 1, as
discussed further below) so long as the adjacent ends of the vessels 112, 116 are spaced apart
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pressure vessel 100 has a centrally located side entry port 105 for feed
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Wi th the i Pl Bosionia & frisied veel it wil zoresalyibe Baforsed{ih siplyyas aB “HBRIEH, ac
during | oaging or replacement of the filter cartridges in the vessel)

between the two cartridges. Wen the spacer/divider structure is
configured to be later and separately inserted to the central position in

a finished Vessg"kx%i?&ag%r’gr |81:' qlllgigcgrfs{rﬁclftlu% 196})&? ! rséélgra% f?m&ioli@,l e g?ga'% a fgApter”

herein. The ada structure rforns sever uncti ons,
oper ati ng akviderftb oannéliov allkev feed Ouid Hanemérs arthainleows the petssukanesset todlowent er s at

N NN - N RACTRTETEN SRETEE T SRR
stop or spacer for filter modules that contact its two ends 110a, 110b, defining a precise
insertion depth for each of the two branches of filter modules. Both of these results may be
accomplished by a simple skeletal divider structure, such as a pair of axially-spaced hoops or a
single thick disk assembly having sufficiently open cross-section ( e.g., through passages or
cut-away portions to permit high flow from the vessel inlet to the cartridge ends, but sufficient
rigidity to provide a stable end-stop for the inserted cartridges. By defining a space between
the ends ofthe two branches, the feed is effectively branched in both directions. The divider
may incorporate further structures, such as a connector conduit that joins the permeate tubes
of both branches, or a protruding structure that abuts against and plugs closed the central end
of the two adjacent permeate tubes, or it may include an opening centered on the vessel axis
that allows a conventional cartridge stub connector (22a, Figure 1) to pass therethrough.

Preferably, however, the inner end of the permeate tube of each of the two central cartridges is
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cartridges woul d have a higher output of better quality perneate than the
conventional f oppuearshowsgotheesnldimesi 200 efithy/invenkian, ilnstraingHurthepdetailsrof

cartridge center entry vessel s | d each provide tw ce t | ow of a
three-, foarcartrfeesealing and-yesse ﬁ@‘ﬁwv\é\@ééﬁyif&’ﬁg’g?‘i/ﬁg?rﬁewé)tr %?ﬁeg’%e{o qual ity
and for fak,ligss: 6RABEHea pesRales lafodshBplemagitiont ofiae biveriign! Embodimbe200f
vessel banks. Figure 4 shows anot her enbodi nent 200 of theg’bnven,ti on,

i |1 ustrati hes 4 vasseh2l0, whichi forclaity ofdeserintiop.chall ‘%eé’ﬁ_}‘?iﬁ’f'@edaéﬁdm\? sertrides ucture
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perneates in vario mentations of the i'nvention. Enmbodi ment 200 has
a vessel 2ZTFgurapbichleartfidpe ichbaldd2p1 ofitlbetegigte positiontoa flowisequenss iABIERPTRS an

ei ght-cartridge vessel,. altho s noted. ve. ot . i y have
f ewer or n@ﬂgg‘gﬁﬁs the %%é’i . heIVﬁSSFﬁ%B aﬁi’ &%“?rgf,eore“%g e@%&t&%&%@ g?(gg’? aEng)glﬁgOL
Wi t hout reg@fislodsa, PxFbiatd IBEut@N at kdspavtiseende pethe vésséli Msiin theembodiment of Figure

3, a permeate pipe 22 connects the cartridges to permeate outlets 20a, 20b at the ends of the

vessel 210. Vessel 210 is illustrated as a glass composite or similar vessel construction having
a generally tubular, uniform-walled cylindrical body that is reinforced by additional material (in
the bulging regions denoted R in the Figure) at those regions where there is a port, end plate

or other structural or more highly stressed fitting. Anti-telescoping units 205, which may be

of conventional type, are fitted at each respective end of the string of cartridges 201 to take up
slack and absorb shock. Adapters of the invention may be configured similarly, i.e., may
specifically be designed for use in the invention to function as a bi-directional anti-telescoping
spacer/support between the central ends of the two strings of cartridges. This device, 206
(indicated in phantom) fits between two central cartridges nearest the port 215 and provides a

sufficient space between the ends of the cartridges to accommodate the feed flow without
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215 enters the side of the vessel 210 at a central or internediate
position, and two additional ports 225a, 225b are | ocated at respective
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fits bet ween two central cartridges ne e@t e{d?a? ortt 215 @bggin;gr Q%/ér%%ﬁj a
suf fi ci ent “eHFHBUOUE AT GEBRTIFIRG VO GEMENS $aGR PUES H§§§n?"o“§8 mogat e the feed

flow wi t hoyt, d%ﬁn%@ it L3RR oot B 63530 dartriigé lahid Stirb Eohnedtdrs buthas ser ves as
a feed flow divider. Thé perneate pipes of these two cartridges ngﬁl be
5he neppRateat ed

pl ugged by comentisneliniaseped tpscopnect bysweerorariridges AT Betyyersy & G HISAn

in phantom_ . nma nnect, strai ght through. If plugs or caps are used, these
may protruﬁ‘éd%(ﬁ%fo&mee"%gﬁely to assure proper flow spacing between the
central cartridges wi thout an additional spacer. Alternatively, the

perneate pipe 2 be a continyouys pipe extendi i dges
of the vessel; %ﬁ%{ﬁ’eﬁéﬁ BHE *sP5e& %&e%g ?ggg&ggegﬁg%%‘ﬁ%ljﬁgta% rmts
it to fit Rreshdatdifte 208 aREMRE BindivRAL of ki vebsel 0. T8 draining'ié hdt streduaelin st ood
that the perneate pipe 22, whether

) . . "continuous" or.,coppri Si t wo .segnents
each pl uggemctite thhepageijaaite narovCElEYEg ¢ f‘otfé%eﬁ cprttidge ‘ﬁ%‘eﬁ%gm%t i pe
segment 1t gl OF Wy Bk AfinfAGH SRGITLAAR 1Al 40 IGRRARKILES fapbch as are

conventionally 1nserted to conn bet ween cartridges or between a

cartridge alepentlstdy fittadrintattle vessetl while feaving a peripherakesp that pen teglieiively s¢idn i n

Figure 4, there i space qQr._qgap. 21 i ry:. of each
ca?t ri dge 29 Ereﬁﬁﬁ%qeﬁfge‘fsﬁﬁﬁ?%\ﬁgﬁyg%sfsmg H%%&/e\ep@g%leg @%‘(‘f)&é"?ﬁggég?g\impﬁg t?ﬁg not
scal ed, angau}pil)ég EcR GArtriig egdbﬁuiﬁpm:\eitﬁ enequ infoee praipharal seadd 2401 The seals tiag by essel
ge dianeters, be

and cartri ] ing on the —order of only sev r@l m'Ifimaters,

just suffi dinger Ordngassaly P%P*I"iﬁ‘ﬁ& bﬂlﬁ%reféﬁar]?&' Tt [oloﬁqwégxoi{&%?n}ggan d&vsadant y

fei‘ ]E Eag'([ji 1/2It f}"’}s‘%‘gﬁ"g‘gﬁ $&! a chidn@edl SRYWABy SeaR2A0 RIEuE] 4. 0GR vichatalCHlowlze
cartridge to slide in one direction for insertion without risk of dislocating or deforming the
seal, while assuring a tight pressure barrier, once inserted in the vessel, against flow in the
same direction. As shown in Figure 4, the chevron seals of the two chains of RO cartridges are
oriented in opposite directions. That is, the left chain is oriented to seal against passage of
feed around the outer periphery of the cartridge from the center to the left end, while the right
chain of cartridges is oriented to seal against peripheral flow directed from the center to the
right end. Chevron seals yield to pressure in the direction opposite their sealing orientation,
however, and do not “scoop” deposits and jam, so each string of cartridges may be withdrawn,
when it is necessary to replace the cartridges after several years of service, outwardly at its
respective end of the vessel. For this purpose, a hook/puller mechanism may be inserted into

one branch to pull the cartridges of that branch outward, after which cartridges of the other
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to prevent the feed stream from bypassing the nenbranes in the cartridges
201. For this purpose each cartridge is equipped with one or nore

peri pher aW038a5%50240. The seals may be ring or O ring se&C3/usn2/paski ng,
but preferably are a | ooser or nore conpliant flex seal construction,

i.e., a chgvron seal . shown by.seal i [(Mo]¥]g oI s allow a
cartridge 5" q‘%’:be’l Sp?"%ﬂﬁre&ri’ OrVé%tO?%lr?§ P %églhénds]%'{t'ltﬂ%% r{gS\Rné?tﬁout é}ﬂgi%g%l

di sl ocating or deformng the seal, while assuring a tight pressure

barrier, once inserted jn _the vessel, against flawin the sane direction.
As shown in Fi g@@é’rﬁf,e“?%‘énttoﬂmb WE@&P%%%TIH@?&"‘E}\(}BV bR OB?t%ﬁO cartri dges
are ori enypdibihi SRARABLIEhH feBiphdrPiopreveiitthe fetd stidah i passii@buisitisther i ent ed
to seal against passage of Tfeed around the outer periphery of the

cartridge ftabidge fredavanstream filter elgmentsfartoelyeny bamrqvidet fr cajtiidge nstallation tof
cartridges j I I I@]quie- j ; o8 S FSfvdniepin t he
center to P’F?Ze“?rs‘%agﬁ%‘g%ﬁﬁ‘g‘e SVr on se%zlflssegﬁg/(:i%%% t%éng?%@‘gggdécfoi% tﬁ‘é c?i rection
opposi t e t reéanventinhal sgptemnsi alh¢havrnon sgals fhewies/same dirediod.cand sertridgeopy bedeposi t s

and jam sQ each string cartridges,.may be wthdrawn wh it 1S
necessary tiSeTfedigdy YeF%P%ﬁqug‘ Py °§Fteéf¥ssb‘e€?gﬂ’%ﬁqgﬁ/°3‘§?f"§’ ng?alsgge?(\c}f’%,
out war dl y fithbhtFisk bESRRSE.| Metheatbodimdnbef Mgas @) howkeodr, thh cartrigesfoae banch

hook/ pul | er mechani sm may be inserted into one Qranch éo @#ﬂfl th
cartri dges myst berinstallsd agaist o taabdiregiiqnent moypraent ¢ Vitle; g Branely ofcpEridgeser 23

WD 03/ 0397 i p@% 5@@21) i s A o¥md] 8ABM A oM thRY be
pushed out Qr?lﬁgglﬁj spggttl eugndég%atnﬁgyk/eg}ségell. In a preferre(I:Il enbodi nent

where the oppasité eigless tisacsisseh shewthdn biancinweirld theh bave tel be mearied dgm thesame eadout

t heir periphery t revent the f : . ' OS]

cartridge te?.{)ent%wg'ttﬁeerg?ﬁe?ﬁwletsgér?s gﬁ@?r%%@éeﬁ%? HE ‘(r':l)lg I%gr(gséé E@B?‘gﬁ gtgg eit%br? the
cartridge ichsdidakd éftthokfitbeancipmest®s inseradl frodkatia fpft entl @gaifish their arientatibgeorithe

i nserted agai nst i normal direction qf novenent.. |In conventional
oystens. by ohe U PP SRSt oR oS 1Ehdrol PESER SR et DAY CPIMABE: may be
inserted into the vessel through one end of the vessel, so that the chevron
seals flex down wthout risk of damage. |In the enbodi ment of Fi 9ure 4,
however, the cafhiiischgeempished vethppizisk 9T seal dpmage injageqrdance with gug aseect phHbe r
usual diregti ent. B At dohfAESthe MY rdA&esii MP! Y
i nserted b;q/&‘)f)us %&5@%%%?%%léﬁyggtgg%?%&?ﬁgﬁvgngrcr&a orieent alfi 0?1 from
t he opposidusngingkriddn intoche/mesade vesshle Wicharprésswe véssehisuied, adeguatdvemdismamybe

inserted fromthe,same end .even tho 1 respecti.ve seal s woul d.he
oriented i K° nhtémB‘b%b% F‘P’Engﬁlg%lP]i’rSﬁ?on#‘%(’gfm{h% o @ﬁ%nrn?%cé’mp&egsrotr ARSELTo the
| ef t branchngixsdssdiebly MBS usindtive duktsy, hieh todt Bemprisigrastircihf@tential bardndfat i on,

or the cartridges of the right branch nust be |nserted f_rom}he ri.ght end
agai nst thé’frpngﬁ%pgﬁrgaéqr}abﬁ@t may be tightened around the seal and compress it radially inward

during cartridge insertion. The band may be loosened and withdrawn once the seal region has

entered the vessel. Years later, when it becomes necessary to replace filter cartridges, there
will generally be a certain amount of deposit accumulated on the cartridge surfaces as well as
on the vessel wall. However, the relatively large movement and directional nature of the
chevron seals when the lip of the seal flexes downward (radially inward) allows gach set of
cartridges to be withdrawn out its respective end of the vessel. However, these deposits may
make insertion of replacement cartridges more difficult. In this case, for replacing cartridges
in an older, scaled vessel it is preferred that a seal insertion tool be configured as a wider band
or sheath to protect the seals against damage as they enter the vessel and also as they slide

along to their respective final installed positions. One such tool may be configured as a thin
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This is acconplished wthout risk of seal damage in accordance wth one
aspect of the invention by providing an installation tool that operates to
cover or wOrmpHaEes t he chevron seal during insertion intoPChaSp2/aSSure
vessel . When a pressure vessel is new, adequate results nmay be obtained by

a sinple seal conpressign ol .simlar to ;ston ri r as used
for engi n%nvglé)g‘aé%‘le‘ff’ Pﬁ&Fﬁéa’ﬁL% PET A0 VSt ﬁhsl ?hf vrog LIO(I;: ﬁl[gro%?l’ cotﬁ?)trqflgoltng a

ci rcunf er epjiy atgemptip Of the Séal fiIRIIE hoatd buRbles édverstthadntireggalfont éopticewild ar ound
the seal and conpress it radi lLt(\i;hi nwird Wguri ng .ca ﬁtlri dlﬂe i sert{eom. The
band may band 58 elaseingerorbiasion &y-di vesire wal fd acg l?téc[J BASRa Suchaprateative; he
vessel. Ye Q{eﬁﬁgﬁﬁﬁfs’sﬁw RsdrlioPEIR BRriBKCARIRS Yesied it SileAGRclidd, Wathout seal
cartridges, there wll generally be a certain anmount of deposit

accunul at edamaget he cartridge surfaces as well as on the vessel wall.
However, the relatively |arge novenent and directional nature of the
chevron seals when the lip of the seal flexes dowward (radially inward)
al | ows each set Tl toolmaytbei cdgfimrdddo lfeilivte dndradiom complefetremovab plgbe fookfrand of

t he vessel , Howeyer, these deposits may.. make insertion of r.eplacenent
cartri dgesb?ﬁﬁ're@l%? pariridge and the, ?Smléﬁ%ég%rfdgf’dlf'seﬁngﬁ'l iﬁ *h eg?ﬁi‘?c?l égcgoggr % an
ol der, scabed siy&@fat stiff pdlfindd sldeCihhtisledstippuliad et frbm sy dekhafteodbertien of

configured as a w der band or sheath to protect the %?I S agai nst damage
as they enthercattridgey edisaptivehty theicover gertiondpy O fmed af%f?} PRFES S Bect | ve
final inst ghéef%&'mm%fésg kSd RS GRIyHRR lor BBY¥rAR SRBIeIHaHIET niferidl, fHBl N 24 WO
03/ 039708 PCT/ US02/ 35352 envel ope, "sl eeve, or sheath that fits over and
covers t hewimswarand de cotttidge feringertiondut svgh that it agomatinally dissolyesinthesfesd p of t he
seal radially inwask i f: 1.t h,
and from c|s%g"‘§% anng 6%“%%‘?%@%%%“%@?{&{' ?\%th{t/kgsgggehtlé év?/g'ftﬁféglr’\lg ]gcglcg:atﬁ?rdug a‘t%g)(tgegtposi ts.
Such a pr otempression bahehitightehsrationt the sdhl, gt having miconstruotiont saeh ssartearilidgend nt o

the vessel, in either direction, wthout seal. d e.  The. topl may be
confi gur ed ptdé stying 'ie'?“éﬁ(é ﬂ!fﬁ‘&"pa‘f’ ORRF EBWBTeéE‘E S{:’E’ %@%‘?g&a@ﬁ th?tdgﬁengalg% m

bet ween t hgogatht Sdal ndytbe ldRELtly @&iHkd Bbinthe Gdse SimgB®yipimays the iy ofthais, the
protective cover may be a strong but stiff polyner sheet that is easily
pul | ed i nt 8¢ follyviag #e. vessel after insertion of the cartridge.

Al ternatively, the cover portion may be forned of a soluble material, such
as a sheet of low cross |inked nononeric polymer, or otherw se sol uble
harm ess mat eri &l gecondartce wishapetherraspentiofithecinvention, adifeation systass@ad i on but such

that it autonmatical di ssol inthe fe I i [ fter
ot al | ot eVt e AR RaYEn bty e xBhiaTRN Efer P RRFRTS o
conpr essi Opelddiatt dutjaits, &.gg by estrotling bicktiphassiwe at by dhstrudtiay iflog aba peitPhrintiei on

such as a tear line an e .
permeate tube or aﬂ)ng the permeate flow path. This may be done by providing an obstruction

in the permeate flow path, such as a plug, baffle or valve as described below.

This may be effected in one embodiment of a different aspect of the invention by
adapting a conventional pressure vessel construction, i.e., one designed for end-to-end feed
flow. According to this aspect of the invention, as shown in Figure 5A, a tapered plug or flow
restrictor 49 with a maximum diameter equal to or less than the internal diameter of permeate
tubes 46 and element stub connectors 47 is positioned or positionable at any point along the
permeate line in a pressure vessel. By increasing upstream permeate back pressure to a value
greater than the downstream permeate back pressure, said tapered plug or flow restrictor 49

can be moved further downstream in the pressure vessel 42 in which it is contained; and,
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pull string that breaks the loop into one or nore thin strips of sheet

mat eri al that disengage fromthe seal and may be directly renoved fromthe
vessel siwplog/obgropul |ing the end of the strip foll ow ng ms&/uUShn3zmszor dance
wi th anot her aspect ofthe invention, a filtration system may

advant ageousl y be i npl enent.ed, | | | ' | Jalieardate® Mad ithed der

t hat appoF?ﬁrﬁ‘%gn‘ﬁ‘@qB%gﬂcﬁﬁ%?gedoou p%?ﬁsl,)éng?%g)?icg Fég%ﬁﬁog‘fai n%T back pressure
or by obs Q,th%ﬁlr}ﬂnﬁda%aak piessafes bdid taperediplng er flgye rastristos 49 garebegrovad et he

perneate flow path. This ma .don rovi di | in the
per neat e fupgipamdn the pegssufe é’t%%%l 3% F’h‘ﬁ},“g}bg?gfcggtawg vlg]%\l}%{% géeéé.:ﬁ??%g%nﬁg{ow.
This may Qﬁo Ok infGleS thn 13 vAA& £KARESIIIRAL T cotrol diiermsitiomsfrepdredyflug dre

i nvention by adapting a conventional pressure, ve%sel. . consgg%ct I, O

i.e.,
one desi grlew regricterd may basarmialas aufopgid. AANemaion@t PStiHng of LReret P of 1o

| nvention ;ﬂo%ﬁga\é\f'q4 %P%é%i?fg’? a%&ng?sﬁ%@%@a@uﬂl@iﬂe Q6w kdtOVF upseSd pedinedte 49

wth a m I ane ess than the internal dianmeter of
perneate dndbesertfition@) ef carenmostchbmisalspesiss or etharpertinepigaiue(shlisd or

posi tionabl e_at, an Qi.nt along th er e lyi ' r essel . By
i ncr easi ngcoﬂﬂié“f‘?"g’aﬁqsgg l%ealf'é “b‘g%ﬁpsgrlg%’ggﬁr?n%%{ebang n%gfdﬁeg alge B%)gﬁg% 0? F\Hgn_ t he
downst r eang ARk FRRERePAHsRERS Hétineate 8l ebntapetieds)pif o @rmdre chemicabsperies or 49
can be noved further downstreamin ,theg%res,sure veﬁ?‘s | .42 ierse ichit is
cont ai ned: orater partinenbvgos(3 e oStV s sEERE 81C.) 1Y PE‘EB‘S% Agly, by

| nor easi ngy AQUASHT SAMRERBAAGY PRVKIRIBENHRAniidnt 13 kuid IERailen 4 han the
nNeat € bdac

upst ream per k Bressure, said tapered plug or flow restrictor 49

can be novetrblaysthre whichystapebierf oalcplatingoaeantiplion( O ghemioal snscigyarather ¢ j s

contained. |np suc . the e RERLRSlifEPobRs var i ed

and contro?qr%??n”?ﬂ’@&ﬁglrﬁ’rc8?&§#m h%%%)os ??t%EEIg?éI\E‘@%%?éd pl ug or 1 ow

restrictor ecﬁﬁarﬂ&ﬁ’%i.@.@pﬁm@imﬂ valvespsd thabflomdratediof watenied npsifcappsineagigg of
g.or

tapered plu |l ow restrictor 49 can,.easil e ac | asurin
LhaCt | ow r BehsrocsEet Agsmitsan ROeae SR e FePoe P! fuRafiaithe A-20U1 1 N0
chemi cal S&ﬁl@&fﬁ%ﬁ?ﬁ oﬂﬁﬁﬁfcal&ﬁé&d's RE Bihe Ve tiiROISYalue(s) @ithin agoedtentined dry,

resistivity, etc.) in the upstream perneate, and asurin thlg flow rate of
the f urt hepecifebrngs ysigonmsy plsabs wlomeated hayieg %@%ﬁé’ﬁf”ﬁ“ﬁ?&bm $%f one or
more chem cal . i Lo RRRio } 5€) dfining @Ry HAdake/ i LY,
resistivi t%‘%“ed?gfg")% pﬁ%g ?%ur%)%épt rgga%rcgcességﬁk oé}n%st r)eam pgrﬁrgepait e,

pr ef er abl yvpanehrigdiodg such information in the formof signals to a control
system whi ch is capabl e of cal cul ating concentration(s) of chem cal species
or other pertinent value(s) (i.e., conductivity, resistivity, etc.) in the
product and conjfdthdricAodif@meas shis type is shown in Figure 5D, wherein a branch divider ball

or spherical element 20 can be moved between two filtration element connectors 27 so that the
upstream permeate can be taken from a number of elements varying by one element.

Hydraulic back pressure of the two permeate streams is controlled (e.g., by a valve in one
permeate outlet) to move the position of the branch divider ball 20 in the permeate tube 26. In
this embodiment ball 20 is of smaller diameter than permeate tube 26, but of a larger diameter
than the internal diameters of RO stub connectors 27, so that it can only move between the
ends of a single cartridge, in the illustrated example the middle cartridge in a five-cartridge
vessel. By increasing upstream permeate back pressure to a value greater than the
downstream permeate back pressure, ball 20 can be moved to the downstream end of the
element in which it is contained; and, by increasing downstream permeate back pressure to a

value greater than the upstream permeate, ball 20 can be moved to the upstream end of the
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equi pnment (i.e., punps and valves) so that flow rates of untreated upstream
pernmeate and further processed downstream perneate are adjusted to produce
a productwetmsmeaamhavi ng a concentration of chem cal speciP€3/usn2/a38Er
pertinent value(s) within a predeterm ned or specified range. Systens nmay
al so be inpl ement havi n [ | Be #8nt2nd sRf the bfE&ne&Nd

pl ug (Fi gl:r?l %E K, c}é StQ a@%%n%?ﬁ%@%iﬁygﬁ&%}g?gﬁgﬁﬁ denl ning the 1pl)ermeate
branchi ng g@dl tes‘}d&ﬁﬂ)beﬁrleﬁmb@de ROrdleneht, itiveng y pegs of diffvent quahtsFangchl@tl@D
wherein a branch divider ball her i nt 2 npyed between
two filtrafjegHydPhe RO %E?ﬁ’i’i‘%c{ncﬁ §1 %g g‘é (ﬁWél?t {hﬁggmﬁts(f r’ggfr%og%r Teate can be
taken fro Mot HSgettRf, 284 BRRBWEStRNYeRgatRouee maY eenmiea bwﬂ:pmbmmm@c k
pressure of the two perneate streans is controlled a valve in one

per neat e oumbe@k)pr@asum@etdﬁ@nﬁ@émmema@rouﬂﬁémsP&ﬁ&ﬂt ar 8@%@839*&% in the
perneate t i nbodi ment ball 20 is of smaller dianeter than
per nmeat e tﬁlga%régutsglgtc}fo vesef arger dianeter than the internal dianeters of
RO stub connectors 27, so that it can onIy nove between the ends of a
single cartrid J.ustrat.e a
five-cartri dgeglen\/"lgg’?@ﬁ1 oy %9"@3%5’%‘3%}16% ups rf@g%n ge &%?c@@&{?{)bﬁ gegétﬁl?e e to a
val ue gr eaygkellthemvédien nﬁ?%@&hﬂb@x&ﬂhﬂbﬁﬂf&@@te@ﬁba@d&elm@&sﬂeﬁm ﬂasthd:toﬂﬁl' can be
moved to the downstream end of the ele n whi CIE\X} 3 tﬁ ng and,
by i ncreasilpy d&’&%@ﬁsﬂ“éﬁ?ﬁﬁ@ WRHYLPravigerae %‘ﬁlftﬁga t han
the upstreampec kd 5 Bﬁsﬂ%@é@ a@ﬁstémgmderh&dpmgtnmpéoeaﬂmemder@i‘ont he 26
WO 03/ 039708 &T USOZ 52 el enent which it Is contained. |In such way
the split b\etsmeﬂnmtl‘hgélrﬁ arvessehd 0dnving h@d%mp@ﬁéﬁa@}mwgsneaﬂ B¥vari ed
by one RO

. g?? agﬁggbi %?glomrgx\aa?eg, a%lv.{rglﬂggf &Ft tg%eg fhg\?}gﬁ SRl fubds ANGEBoRbLE

quantity f reamns rrent t he obstruction,
bal | 20, mby stak confiettbad18kd agdiettively, foranaicentrel rionwase p@&&gﬁ}ﬂdﬁeﬁdm@ oftheput may

be varied hy s ntrolljng. the back essure, of the m

per neat e odEYieq OWF%E %‘yc%{m P%gﬁﬁuﬁ%?eepgﬁﬁ'ﬁ%mﬁc%&f’ T RS Smiw(relvygﬁzlrlﬁg out si de
Of the vessghectiv®p@fdhit bkt $208] 320bdiAnGnislatakarB30essida inahé b@MSatby adapt i ng
a conventional pressure vessel, the invention may op erat&I# qlth a side
entry vess@pssagedpesifioned sich Hiat pesgiesty enteRingdhe Paspage,ORfhyirigh sideriows to the right
configurati QlFtﬁ}nEﬁ S brinchR begidb@r the two
per neat e stﬁgg%Q% gﬁtzertgg%bel st?ag%gg&gl gﬁestﬁlgér;%éoo enbodyi ng thlés aspect
of the i nvediotvstmnthe At enldmmeate; dﬁthlﬁﬂéaﬁhﬁonwmesﬂﬁohwlhmd&i of i haye r y

port 315 ar;g:ll o%gr\ﬁng? RRP r%:!l}; be s‘i:"zrég akd’ con%gured such that it completely blocks permeate flow

;-

between the two sides, or so that it partially obstructs or modulates the amount of permeate
that may pass. The control element may be fixedly fitted into one of the stub connector
assemblies 319 (or into a suitably prepared stub connector assembly) at the time of vessel
assembly, or its position may be set or controlled by a control assembly, such as a fixed rod or
manual- or servo-movable rod, as illustrated by rod 332. (Hydraulic seals are preferably used
about such rod, but are omitted for clarity in the drawing.) When a movable control rod is
provided, apportionment of the two permeates may be dynamically changed in accordance
with a control regimen, based on detected or scheduled changes, for example of temperature

or other feed stream characteristic.

Advantageously, by having a port 315 for the feed water located away from an end of

the pressure vessel, and by providing a permeate divider body 330 in this manner, the vessel
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325a, 325b accommpdates a plurality of cartridges having perneate tubes 317
i nterconnected by stub connectors 319 to collectively forma central

per neat e wavsaggof | i ke tube 22 of the device of Figure 4pCTamsnngsssing via
sui tabl e end connectors and/or spacer structures 321 to respective

perneate outlets 320a, 320Q. A contr . | kol e nmeat e
passage, poSilt qb%fe&%&#"?ﬁ%{aﬁ%’e‘ %‘g%e gé\‘ﬁg?%aé&?ﬁé& %g%rglg%gb{)&rg t hgﬂﬁ% ght
si de fl owsybPa (Wit rire8 N1t mdynBeréBreteatiao opérhte with2flmncalafligiecyrsbere ent eri ng

the tube via the |left branch of cartridges fl to the | ef per neat e
out | et 320@nditiprs changer o1may| be iReREPO lﬁiﬁ% %@S?B?%@ Sgl?asﬁ%élyhaav%nﬁ%ge openi ng,

and may be, si qe%@ﬂﬂmmg}f bedbREd BHEHTerbh afsidnts, RETBhemaltivtale eaiustigees meat e

fl ow between e two sides, or so that 1t partially obstructs or nodul ates
t he anountsystmpeacheeptionizet ferta qomplepriisdiffergmidocd stnck g1 that ARt {0 Wﬁau%ée‘fef edly
fitted intq one of the st [ | & Rthdud bRoMichtthd abl y
pr epar ed s‘ﬁffﬂ‘(’%ﬁ{ﬁ aEﬁ %‘ftplgé{glé%%ﬂ%}?&%tg S]tnﬁlgégilﬁgt%fﬁ[\)}ggeggé tass'em(:;I g@b%% its
posi ti on nBimbifg, Tetuselin diffsrtntdddatichsh it rBaycairotpershit severakrompletesiysipmaat a fi xed

rod or nmanual - or servo-novable rod,, as jl]lusirate r (Hydraulic
seal s are pbereialyidgntiralagst 2ad GoPPUGRTIaYOREL cﬁﬁi%ua{fgé %amlﬁgrtdeuggglgﬁ ﬁ%l arity in
the drawi ngyqbeobeshiPmiBY ABHifcRBR, kith o pékitioh of te@shtas dodpiffodirdctomet of the
two perneates nmay be dynamically changed in accordance wth a (%ontrol

regi men, bemeidzolbadieg etthe ke for ey corarietely difigerat tagks, sugh asPrackiPt-Wonper at ur e
or other fe A Fhﬁ ’ lafdr r&lanAHYPPERIGAHSISY in dnply/plids Ravidgr t 315
for the fegﬁg‘i’/%%%{r%ﬁ locg)?g a% lrré(;cnt’ll an efrglid of the pressur% vessel, and by
provi di ng adiffpenresks bepass oetreaboehyi®80 in this manner, the vessel 27 WO
03/039708 PCT/ US02/ 35352 310 is able to sinmultaneously tailor the vol une
and the quality of two perneate output streans over a wide range. It may
therefore be setyth&eepBsdhentyiitiin@ nbasastthafthé pire3iSybeddrated @b centesod
change, or may be incorporated into preassenbl.ed subassenmbly.- a conplete
bank or skihg vessehH0- hrdped avhatedie QEF“F‘gtooﬁrf’ eF g‘?ﬁ d‘%@?‘e‘w&fﬁyu"ﬁ%‘i‘%ﬁﬁy ng

mul ti stage ,gb Bl BAS the gﬁ}(z%ﬁd%r@’a sRBehrPRit nbh-Z@kkrédporbinconpiceibewith di f f er ent
feed stock™or that are set to produce several distinct perneate outputs. It
can pernit centsil plginentSRP dffers s¢verabdighpictadvamages. wi t hout reconfi guring

pl umbi ng, for use in different |locations. It nmay al so permt several

conpl ete systens of substantially identical cost and conponent |ayout to
constitute a "sraufaAlildesiegat ciphatartridgedessgbwith osideentlyort ahistienicEaid ons,

such as position of the control bo 330, directi. i .| oadi ng
or the |ikdavipgs flawdnidne @Bﬁ‘b‘iei“f‘lﬁr‘ 3 afsf’é??‘g 1y post °s%?‘9éﬁ}*é‘?c1‘?‘g{s£rl§£g?‘ascki sh-t o-

vessel operates, as described above for the vessel of Figure 3, to provide essentially a double

flux of front-end quality permeate comparable to that of two four-element vessels, but at
lower vessel cost. However, by moving the flow divider 330 off-center to one side, such as to
position “A” illustrated in phantom in Figure 6A, different apportionments and qualities of
permeate are obtained. In that case, the permeate flow from the lefi side of the vessel would
be collected from five cartridges, of which two are in a high-flux, higher feed pressure “first
cartridge” position immediately adjacent the entry port, while the remaining three cartridges
providing the left hand side permeate ﬂovs}, and all three of the right hand side cartridges
providing permeate flow, each derive from a chain of three downstream cartridges having a
permeate yield and quality typical of cartridges 2-4 of a chain. The left side permeate flow
would thus have a higher volume, and generally higher quality permeate; this better permeate

is collectively referred to, in the context of this embodiment of invention, as the “upstream”

28



pot abl e water plant or a waste water reclamation plant, or for use in
conplete plants having different stages, bypass or treatnent lines. In

t hese enbwaoiog®sH78s it i s not necessary that the port 315 IpeTIusozsse at t he
center of the vessel 310. Indeed, where it is desired to produce two

di fferent ﬁgﬂ}eg&y or quantity perneate streans, the provision of a
side-entry but non-centered port in conjunction wwth a control elenent 330
of fers several distinct advantages. Figure 6A illustrates an

ei ght-cartridgewve - W .Sl t I ing a
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However, Dyivideybit@nirbieuél swedhiotdrRiemdBB30fahd csnlobrodi3a2 of Bigeede, Twaich as to
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and qual i t Pebodipentyefsieing Hdeeniry aiibeirpstdeton Gonstrpsionsare dlustrated byd e flow

fromthe | j d{-ﬁsélfénd"@y'd be collected fromfive cartridges,
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chai n of t ligstendRussitrsiecportasd2aj sipdbat henespegtive engreandmaide-epirgfedd porti3tal ity
typical of cartridge -4 of a chain, The left side perneate.flow. would
thus have &b ?Sd’r‘?%‘flgliﬁglogﬁﬁf‘teﬁﬂ&pﬁ a9 %ﬁ%@?ﬁ%&&gl’ £ye- iR gnltfs hi s
better per neag{h_.e Wittt BblRtideY Rbd/plibieresificlod, Guhert # fitddamanidRyt is 0fed) 3605

enbodi ment of invention, as the "upstreant 28 WO 03/039708 PCT/US02/ 35352
per neat e. Phetiensp direqtls ahika entaeparcddeths yesselioperatep kg tworsmallerbHL K EY%0 N may be
further ex bifey! ﬁ;ggoal ls GRS mRhtidal Woaft -a'ee\lgsﬁfeshi%maity may
be furthertcgl%g?@nungle\%?gggﬁgér%l\%g?nrg Ssi dré pér.t at a Ho‘%- ceer?t.ere

i nt er medi aflef poseate outleq 8 Alagandhe a vewvsational six-cagnidgmvesicbeding the sight|psuneatsi vi der

or control syc s J.estrictor assenhly 330 n I igure 5.
Two enbodioﬁﬂﬁ%&bfﬁ?f@ﬁm °%Pd€i§ Eeﬁg;r% yrx%’fpf%dé]? Q%j(el{s%iare é é@g?étggtr}llgﬁ?% ﬁfgéall%;n are

i |1 ustrat edofywhiddeoniesstid to that SF theaddh@-citbdirs. Pateilti N 6,685, andithé Gartidelars hown
in Figure 6B, an eight-cartridge side-ent vessel 410 of .the invention has
first and PECRHtEH sagd qb%‘f“?%m%% ,ag‘?,l?@g’ té%/al’ c'ﬁaéﬂ? fang- d@oﬁﬁ‘ﬁ a

si de-entry fiRREhgRBfvard bovided by the membrane manufacturer, or may be estimated from prior

experience with these conventional vessels used with comparable feeds. However,

advantageously, by setting the control valve/restrictor 330 offset from the non-centered inlet
314, the range of achievable permeate parameters is greatly extended, and may be simply
changed in response to changes in feed water composition or temperature, or in response to

change in product water specifications or intended use.

Thus, as shown in Figure 6C, if the divider/restrictor element 330 is a fully blocking
element and is offset from the inlet to be positioned at the center of the eight-element vessel,
then the left end permeate outlet 320a receives permeate from the four left-end cartridges in an
arrangement substantially equivalent to two parallel strings of two cartridges each, centrally
fed by port 314, while the right side permeate outlet 320b receives the permeate from a chain

of four cartridges that are fed as a series string by the lower pressure and more concentrated
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that is positioned off-center at a position two cartridge lengths (e.qg.,
one-quarter) down its Ilength. Wth the flow divider (or plug or
restrictowpososatom fi xed arrangenent is used) 330 positi eaFsdz/sssLly at
the entry port 314, the vessel operates like two smaller but unequal
conventi onal. ssel s kn. par . t. | A tridge
vessel feecrﬁjﬁc\g{%? gmn}ttllal?{ve %‘(Jaar%érrriél %se(laouﬁgtﬂ%gbrg,%]éﬁ %é"g?{é%mdﬁ{%ﬁe
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left-end cartridges in an” arrangenent substantially equivalent to two

par al | el stpeit3geb way, onchecethar hantly be returadd to dleanfeedadtiegm td imgrepse repovery. 34, whi l e
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e ot 9 s BoSHE CepafsTeduond. sl isaaceh Sophiy of Arers SN e SIHB0,( of g
and qual i t gyddrihdivbid t}?;@@dg P RifREIPAMB, ordHY 18O ERANRISteARPEMY bipel Y to

that which would normally be obtained fromonly the downstream el enments
3-6 of a sithe rarmeninitreamaion may employ adirst stegs bypats 40 achipye 2 targes qualibywitket r i c

configurati; | g S | port to
one outl et@%ﬁég ygéi(?'elgtirg %ﬁgﬁﬁg@%%g%?%lgo%%&?o%%%{a@hﬂ%gfr)ikmg%’?grt o the
ot her out | eteatnideipenitd spegifically sizhé foaad appyopoitetth thefreeter spnaliy s sbawag aore
bracki sh or_fresh. water).. and, its intende a i l.on, the high. . quality
permoat e mige SEEGLE Pl dieRa VGBI anbl IR R sty s
direct ed t @féhetiiveaticemdy el applieddy pamsmivally dvaink reqied ekl If tr@fxgiehtedr out put to

formthe final . .
components in the feed that are poorly rejected by the RO membrane, or, when recovery of

such components is required, may be applied to enhance recovery or concentrate the desired

components.

By way of Example, a system for treating aqueous fluid may be configured as
schematically shown in Figure 7 using an RO vessel or bank of vessels in accordance with the
present invention to desalt a sea water feed 52 after it has undergone pretreatment such as
filtration, microfiltration, or ultrafiltration. Boron concentration in sea water may be around
4.3 milligrams per liter (ppm). Such boron is usually only weakly ionized, and is not rejected
by RO membranes to the same degree as more highly charged ions. The pretreated sea water

stream 52 is fed under pressure by pump 53 to one or more RO pressure vessels 50, each
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product, or may undergo relatively sinple further processing, such as
second pass RO deionization, electrodialysis or electrodeionization. The
| esser quabDioBy3qes neat e out put from port 320b rmay, on thecotuser/3isand, be
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conf i gur ed PESesstgiof thgrnermgate franp dowastreankelgments by means g borongneciisiB] or bank

of vessel S ekdha §iftl ARG Fodtidel the bdtBn cdcE&RRANbn ISR UdwhsH&RAlctmatSea wat er

feed 52 after i1 has undergone pretreatnent such as filtration,
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treatment units would be required, further reducing plant or operating costs.

In the above descriptions, the side entry port has been generally described as a feed
water inlet, and the two end ports as brine or reject outlets. However, the feed directions may
in some circumstances be interchanged, with the center or side-entry port 105 (Figure 3), 215
(Figure 4), 315 (Figures 5 and 6A) or 314 (Figures 6B and 6C) serving as the reject outlet and
brine end ports serving as feed inlets. In that case the ports may be dimensioned accordingly,
or the pressure in the reject outlet and/or permeate lines adjusted as appropriate, for such
flows. The direction of chevron or other directional seals, and the orientations in which
cartridges are loaded or removed from the vessels may then also be modified, mutatis
mutandi, from those described above, as appropriate. In the embodiments having an internal

permeate tube valve, restriction or obstruction.
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reduce its boron content. The further processing may include processes such
as ion exchange, pH adjustnent and an additional RO stage, or other

t r eat mentwoloBlosssvs at i vel y, further processing of the per PeatEs0t/s3m
downstream el ements by means of boron specific ion exchange resin may
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end ports asifasmizeshexquapi@y @ed qualityof permepte il passestimibe praeh wisirest pighes may i n

sonme circu Ls r 1 ifle- port 105
(Figure 3) %1%‘:61129 B?ﬁ%gﬂb{ggﬁ)a?\sg%wgEﬁe%ﬁireagﬁlgﬁlgn??%%m%{m% 4%(62??1}%{%5 6B and
6C) ser vi nghasctérbdcs adjtiecdovmstrdaet cagtridgesbr i ne end ports serving as feed
inlets. In that case the ports nmay be di nensioned accordingly, or the
pressure in the reject outlet and/or perneate |lines adjusted as
appropriate, fonssddeioftielidisbtionthey diorbe@pplien tohdieides fitter @ftridids @f additioect i onal
seals, and the orientations_in which cartridges are a| enoved from

. I ed or
the vessel 40 AEjesFichainy fGarbidesnigi rrodige P! pirgate W&??I%Frﬁaﬁﬂufﬁwd
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perneate tube valve, restrictioh or obstruction. 31 WO 03/ 039708
PCT/ US02/ 3585 be inplemanedswithint 4 siegle carisidgdi@atbkr shanadengthystringlofnlueal gsapie t ube to
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This may be riecessar ongitu -di splaced water
sanpl es i n Mk der odctrsdngthe kipeh of edecarteifigen Suah fingle fiktratiom@rtridgey pi cal | y
clogged or a torn) filter rtridge. In at cas the val ve, restriction
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passage of sucRodiddustBesybtBaneRcPy Shele-tatridge or otherwise simplified assembly is

employed to facilitate frequent disassembly, cleaning or sterilization. Embodiments having a

single cartridge with an internal flow divider assembly may also advantageously be used for
new systems having a non-standard RO cartridge form, such as a cartridge forty or more
centimeters in diameter and one or'two meters in length that has a capacity, by itself, sufficient
for the intended treatment plant output. Other embodiments of the invention may provide
three or more permeates of different quality from a single vessel, or even from a single filter

cartridge.
Figures 8A — 9B illustrate some of such further features. A single cartridge is shown,

but it will be understood that the constructions illustrated may also be implemented in a chain

of n cartridges. As shown in Figure 8, movable hollow conduits (e.g., tubes or pipes) 8a and -

32



addition to the flow branching restrictors and obstructers as shown in
Figures 5-10, perneate flows, or perneation conditions, nmay be controlled
by positiwniong3gopressure relief valve in the stub conne®CariSoi/3B8E or
nore filter cartridge perneate tubes. Such a fixed pressure drop valve
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In still another embodiment shown in Figures 9A and 9B, a mechanically deformable

plug 82 is positioned over the ends of rods 84 and 85, and the rods may be mechanically

moved to position the deformable plug 82 anywhere in the permeate manifold of the filter

element or string of filter elements. In one embodiment, relative movement of the rods

toward each other also deforms the plug 82, as illustrated by 82a in Figure 9B, dividing the

collected permeate into two portions or branch flows. Such relative movement may be

accomplished, for example, by compressing the plug 82 between stops on the rods 84 and 85,

by linear actuation, by screwing rod 85 into rod 84 (as shown), or by other suitable

mechanism.

An alternate embodiment is illustrated in Figures 10A and 10B. In this embodiment, a
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together with the output fromthe outlets 8, 9, one nmay obtain four
separate and qualitatively different fractions of perneate. The enbodi nent
of Fi gur ewB opmy9768 so be conbined with the plugs or flow PETUSIDLSB36S Of
Figures 2-6, 9 and 10. If desired, only one of the conduits 8a or 9a may
be i nstal | athvasldl/ilatauRGihg $3NeRlNed b ATNEIS céﬂm%@é S14 fok o@ﬂﬁe)@l‘ih‘ﬂt rollable

pernmeate streans froma single vessel or cartrid en th

f eed/ r et enseplivgly passgsithropglomgland aedskehd ein p&meam@n&comimt% %)hmw@ oét at
conduit 13 peci es
ST be g papfe bPREANE BRLLA otk th i SPuRS Ehhaldh HEBLERCEDs aB DEC,
ret ent at e anfldtiormmeditie) muxtﬂat]abis bcﬁypﬁr(ﬁ&aumple 'Ehatﬂaiabl,e butybrublom bellvonkpis i on  of
such matter

flu | e f | |1
be increasf® ﬁlﬁrgfigg‘?’ 8 Fel{ Ir’]epef‘é’f’%% E‘Ee @Ng{%&g{ nea’ggg%ggrh 3 glg({ﬁ";e\c/imthe

nmenbr anes i 884 Flue BRIt S@tensQf tHerhvedtion B NMEdytdcRiatord ﬁlattdﬂ@oﬁel‘awd ®fa
retentate is in the opposite sense, that is from port to port 11, then

the order G‘Fltabl?&ﬁlé‘é?hs)’%ft“il BESPOpsertn ang effrots detgeted %awtﬁrﬁ t%ﬁ%ﬂlﬁ@ theaver sed.
Wien Fi gur ?elﬁwte@l%@ﬁ%ﬂlttﬁewohég gel P&{n@ﬁs Blittet! RaBJabid comtat il 1d O sl a

singl e vessel, then ter nenbrane (e.g., seawater RO,
br acki sh wéilneeqonmﬁ))s 8axdp (Eigw § enay hlsn eused 4o sampde peaheatgwitlie a string n@ for

I I LY
oort o of CPRAECERR TpbRGRYSInodl oot BERS.RRUIERL S g i ARl | |
still anot ibickapebatinnbiupt Wnpgmﬁa@tqnﬂﬁy%%ﬂdmﬁ thr&afminﬁmtlﬁgiélﬂkbatesd )
def bl | 82 over the en ro and t he
fods Ty 5@ ekt teaf TR sy A MoV RTGHS DBt BaY BRHERACBIRIG o B2ty whor ¢
in the per g&@i@ @R ddfuelit) thrbdM6lafrbd foBhing BACEBAE. Phis Blekped@iiPhseful {vh&ffeed
0

el enent s. ne enbodi nent, relative rmverrent of the rods toward each
ot her al so qudlitpyasies wifhingn geyefpe thasaljomis @ge Fedesign BRecHip freatment; vgtistiong Bfor
dividing t I OTEIQE uch
relative nr%gae ér)litn a?r%tﬁ%l&% acco t%f %59 malq&éj% 9&1?4119%1’:9 % rr%?f{eis“g%@?nvate
pl ug 82 between stops on the rods 84 and 85, by Ilnear actuation, by

screwing rod 85.jnto r.od, 8 as sho or 0 su nechanlsn1 An
al ternate enbod?h%’r‘?f'equgn P‘I‘%ﬁé‘f eggrﬂag&?a%dvgia%ﬁégrai ’gﬁﬂiy%@%escflhm% hi s

enbodi ment segregation Yipepné3thd@SorEspbt it /seheddion Gil'péﬁbéa@a frdA Epiatl @bl RO Ug 83
Is attached to. a novable conduif 86 (e.g.. a tube or pipe) that sealingly

passes t hr Ot§Hilar gpsstigwanenpranediiration upjts, éi%é{?rethé FWVFU&*?tm%’(?ﬁ arscticed withy
neans  of @&féwﬂ@ﬁm&né)éonhmewsl 4nd ma%é bpstied fPLeB R Sredid titdtate OF

ultrapure water, respectrvely, as an
(concentrate) in a membrane separation vessel, rather than branching the permeate, as will be

)

o

O

understood by those skilled in the art. To illustrate one such example, a suitable vessel may be
formed of a section of two inch porous (or perforated) pipe necked down to a section of one
inch porous (or perforated) pipe. Each section in the vessel contains a rod or a pipe to form a
thin annulus of a millimeter or so in thickness (optionally fitted with turbulence promoting
screen), and separation membranes may be formed on the inside of the porous pipes, one type
of membrane in the two inch pipe, and another type in the one inch pipe. This creates a rigid
cross flow filtration assembly, in which, for example, the tube inside the two inch pipe
(forming the flow annulus) is used to withdraw some retentate, leaving enough to feed the one
inch membrane properly. The withdrawn retentate may be passed to waste, repressurized and
recycled, acidified, filtered or otherwise processed. Such configuration is useful for treating

particulate-containing fluids, such as for whole milk or skim milk intended for cheese making,
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inflation nmedium the inflatable body 83 (for exanple, an, inflatable butyl
rubber balloon) is enlarged to divide the central perneate manifold into
two predeweroaioserd e portions as shown by 83a in Figure 9BCTH802/83382 of t he
invention may enpl oy actuators that are operated by a suitable control
systemin %ﬁ&ﬁ??@ﬁmta& d%'ﬁ%itgﬁc@%ﬁngﬂéﬁ&ksﬁo&w&rﬁbﬁﬁﬁnt&&m%&hmaﬁ the
relative flows fromthe various vessel perneate outlets. A novable conduit
similar tosousumefthat tavebeogidarlytdisagamblod sieFlizpdand glpangdy al so be used to
sanple perneate within a string of cartridges for diagnostic purposes, for
exanple to detect a discrete drop in flow indicative of blockage, or an
abrupt change i TheRyéRdh Beifgithhs diyclasd and illmthiiverentbbdinients descposli i walhbe hat

i ndicates a_blockage, a tear or the like. The vabl e perneate outlet may
al so be cofPHeFtPAdY @O%ersgﬁl?(‘?ﬁl theart tthi‘ﬁc'k]? mveniie mag 4e pagioet i ‘g%rrsgs hol d for

form ng oneuMu§iRehts. OlHed virpti@RRAE hdlifiYatieefor hiseih 8Rers€fdcessidahd pplivaiohes
within an envel ope that allows one to design specific treatnent variations

- for examill ecquntosthosssskilled inrtke FROapd alhsuchmasietionsand plodifications @e considersdi cal | y
with ingre 14 dal | 4 : . ' nd

11 ust ot odb B i SRl L oo B b CRLE R, AR3 e AR RS NS

speci fi cal lappedg! egetd andeqdvajpetstheadod f rom spiral wound RO or simlar cross
fl ow menbrane filtration units. However, the invention may be practiced
with other nmenbrane configurations, and may be applied to effectively
segregate retentate (concentrate) in a nenbrane separation vessel, rather
than branching the perneate, as will be understood by those skilled in the
art. To illustrate one such exanple, a suitable vessel may be fornmed of a
section of two inch porous (or perforated) pipe necked dowmn to a section of
one inch porous (or perforated) pipe. Each section in the vessel contains
arodor apipetoforma thin annulus of a mllineter or so in thickness
(optionally fitted with turbul ence pronoting screen), and separation
menbranes may be forned on the inside of the porous pipes, one type of
menbrane in the two inch pipe, and another type in the one inch pipe. This
creates arigid cross flowfiltration assenbly, in which, for exanple, the
tube inside the two inch pipe (formng the flow annulus) is used to

wi t hdraw sone retentate, |eaving enough to feed the one inch nenbrane
properly. The withdrawn retentate may be passed to waste, repressurized and
recycled, acidified, filtered or otherw se processed. Such configuration is
useful for treating particulate-containing fluids, such as for whole mlk
or skimmlk intended for cheese making, 34 WO 03/039708 PCT/ US02/ 35352

and for treatnment of fruit juice, and may advantageously be inplenented in
a mechani ca
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structure that can be regularly disassenbled, sterilized and cl eaned. The
i nvention being thus disclosed and illustrative enbodi nents described, it
will be wodai31709d by those skilled in the art that the PoTArsN2/B83520y be
practiced in diverse enbodinents. O her variations and nodifications for
use in di vgfc §ﬁﬁ)r ocesses and applications wll occur to those skilled in
the art, and a such variations and nodifications are considered .to be
wi thin thd.spi Ahﬁmmdecb@oq@élowfﬁlﬁﬁbnismhﬁﬂ@rﬁsaéeVGE%@F‘P‘b%S(&%’ Swte 8hd
defined by the_cl ai ns ) j atd ¥edebd-end An\O

03/ 039708 T/ tiSGHe IRl R dtgﬁegﬁe?cgn%gwg\éﬁrgs%g@fl_ow_fi Itration
system such agavingd£ied Bt asnwins o(tRE)ons ps e filsf modiles beipgdnsprtrblejaiheg an

el ongate pressure vessel having a firs nd and a se . ving a
feed inlet andPESH¥S YRsscHRRd pere Wgteg?“cﬁ}ﬁfaé PresYUFiZed tgr%(gp& eg&b%gfhﬁgg%anuggl? tabl e
inthe pr ESSUgsrrﬁé@éﬁkdea?ds&fétt%ﬁgme@a@&lﬁmmterhmdups,ammbymd f eed

provided at the feed inle per neat es under pressure fhrough t'hcj‘{ ne or

more filter mogeimeste cpliestscing comBUREAIFHda PEMER LTSI VESHNdHi ¢ to
permeate outl ef Seﬁlgsffoxsﬁﬂalgﬁh\{ngzﬁlg&e?te%% LAGdl AY firiBeRaleFowibRnahl Mg

per neat e from $&F0 Vess Irst perneate flowtoward a first end of
the vessel, andndobtheossselpad asetoed pérowate Sovtervard g secondiensiif tisrvepssh s¥dssel |
such that a) the first and second perneate flows are of conparable yield
and quality, orthatb) the first perneate flow has an upstreamyield and

qual ity that differsg) rgé fisi ah@ sedod pérmeste lowslane@f caaiaeablel yaekd arl. qualitpragssur e
vessel for a cross flow filtratiop system such. rever,se..asmsi.s_ (RO
system said vessel bhabs figt @r‘?‘?ﬁt‘éﬁ"‘% %?%HB“%?"“%‘@’&%@W%@H%W Qﬁg‘hﬁ%f’ Fl%ing’f:zed
for insertion of a p|tg&,%|§e&éﬁdggnﬁéa{etﬁﬁv. modul es interconnected such that a
pressurized feed provided at an inlet of said vessel perneates under

pressure through the filter nodules, the perneate being collected by one
or nore mapifolds in co ' [ ' -&{g;, 8 a ReGIEGhRsioidet s of
sai d vessef’, w@P@FW%%%@%@%Qﬁ‘%VF%@%s St%l’e%@é)or% I()r(;at eds_latm.a)ﬁ

i nter medi at e pagitbiOnidalessebhaving a\fies sl andefstent iend andbadigsized farisettion @hat er
into a first flow per tin hrough a first.plurali | dul es
toward the fi r53tPl@ﬁ&ﬁﬂé“‘\%@é%E‘%rgmﬂ?f&da?u%btg%ﬁcpr?+%rv%\é %ge];e%%g)tv %ds;gat rough a
second pl ural i tyepdrshidveREl peRsbales andep pR&sird thdugh the filter modules, the permeate

being collected by one or more manifolds in communication with one or more

=D

permeate outlets of said vessel, wherein said vessel inclndes a feed port located at an
intermediate position along the vessel, effective to divide the feedwater into a first flow
permeating through a first plurality of filter modules toward the first end of the vessel,
and a second flow permeating through a second plurality of filter modules toward the
second end of the vessel, and first and second permeate outlets positioned at said first
and second ends thereby providing enhanced filtering of said feed at an upstream flux

rate.

3. A fitting for a pressure vessel of a cross flow filtration system, such as a reverse
osmosis (RO) system, wherein the vessel is a substantially cylindrical vessel having a
first end, an axial lumen, and a second end, and being sized for insertion therein of a
plurality of filter modules end to end in said lumen such that pressurized feed provided

at an inlet of said vessel permeates under pressure through the filter modules, the
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second end of the vessel, and first and second perneate outlets positioned
at said first and second ends thereby providing enhanced filtering of said
feed at awouwp®sy7eam flux rate. 3. Afitting for a pressuPeTWSeEs3SDf a
cross flow filtration system such as a reverse osnpsis (RO system

wherei n the vesggineh being BORERAbY A IdsbmBhicA R Wilioh8 br BN J¥8eR of §id St
end, an axial |unmen, and a second end, and being sized for insertion
therein of a pwessel dandywhefeir the indat isfesdtedat aintermediste\positipnainng thesidsrofthec h

t hat pressurize ed. i : i40) i . under
pressur o ¢ hr oughet R il sl s B0idRidhcqineh R B RGndbRE R 3
per neat e bei ng inddtlsehitha nidulenpladedlitithe vessshabutald flovg dinidehformiag two bratiches
outlets of said vessel, .gnd wherein the inlet i.s.|located at an

i ntermedi ate poSTEYR _ _tﬁls'i’}ﬁ%‘sﬁ ﬁ'_%dss?fdcf@coé‘p e ‘h?er‘fs%g‘é,@f’ w ﬁ%t_hF&fiegipﬁ@“ate_s
conprising a fl enowlinthel@itriagafat SvéRshck®br BREEIN MM M. Proxi mate the inlet
such that nodules placed in the vessel abut the flow divider formng two
branches extending to said first and said second ends, respectléfly,
whereby theg fee i & it as@n gl 0L
Upst roam f 1 aporte O iim % Bdahul AEPh ot BAGA o ArERRANGRE lad . g
fabricated as avesselattharaid inlat pestionrto sepiathte adjesemtImaglizles hueh slait fow nﬁ feed posi tion
to separate adjacen ules such that flow of feed water to the two
branches is not“@%ﬁéﬁgggV% an ?Sﬁp?%ﬁyﬁpg?&anstallation of filter nodul es
in a pressure vessel of a reverse osnosis (RO or nanofiltration grozs
flow filtration systemor_the | ke, wherein the tool conprises a ban
fittabl e about & P{fg{)ﬁ?té]llaé‘ﬁﬁgf’gfer gofyles jgp PFRSEH? éesf%FﬁBf%W"ééﬁ_ ospnosie REbnpr ess
a peripheral segahanBfilirhfish FBAYIF MSatiod SyHRE B e like, WASSIEobUoptills avessel ,
and wherein the band is renovable fromthe vessel after insertion of said
filter nodul e whindditlablgwbewy acieumipiengeat afierubeduleand g§bativetn conprespat ool f or
installation of ga.fi | V. f verse .osnosi s
(RO or nanof i PRFieL TGk IrathGRIE ek NG, o vl SEVASSGRETS,
the tool conpri basl isrentoastde from tleblesscbdfiet insatiai sfcaitfitteranedlobhil 1daving eie
nodul e and effe%h%ye(%P.Erotect a perimeter seal of the nmpdul e against
abrasi on as the ffgdMNYRPPH % ted into the vessel, said band bei ng
renmovabl e after insertion of said filter nodule. 7. The tool of clainms 5 or

6, wherein the band is a sleeve or envel ope. .
6. A tool for installation of a filter module in a pressure vessel of a reverse osmosis (RO)

or nanofiltration cross flow filtration system or the like, wherein the tool comprises a
band fittable about a circumference of a filter module and effective to protect a
perimeter seal of the module against abrasion as the module is inserted into the vessel,

said band being removable after insertion of said filter module.

7. The tool of claims 5 or 6, wherein the band is a sleeve or envelope.

8. The tool of claim 7, further comprising a rip line for severing the sleeve or envelope to

form a strip that may be non-damagingly withdrawn from the vessel by pulling.
9. The tool of claims 5, 6 or 7, wherein the band includes soluble material whereby the

band degrades in use and may be left in place upon insertion of the module into the

vessel.
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8. The tool of claim7, further conprising a rip line for severing the

sl eeve or envelope to forma strip that nmay be non-damagi ngly w t hdrawn
fromthe woasmBI7hy pulling. 9. The tool of clains 5, 6 or PCI/Ush®B5N t he
band i ncl udes sol uble material whereby the band degrades in use and may be
| eft in place upon insertion of the nodule into the vessel. 37 WO

03/ 039708 PCT/ US02/ 35352 10. An inproved cross flow filtration system such
as a reverdé. osﬁngnﬁomeﬁmﬂQWﬂmlonyﬁ@mmh@ﬁawgermsmoéﬂgﬁte@wfﬁb%@me
vessel having a. d r Errq_dules
bei ng i nsertabl ec#lélﬁ% ﬁg%n%&s%%gﬁr\ggggglhgﬁg Jéd#lcagjlril %tg%:(ctoge%ensduchh?aﬁl

pressuri zed f eefiiig nmdulée Hemg ingemtabla lirethe pessaisd \d:ssebesﬂéiterpmmad mh thader
pressure through the f er .nodul esl tE pernpate collectin QFa Hanifol d
communi cabl e wi PYSHHZ F‘f ovidad af g0 plef gLl ves PAeSIRPS PrGIPUEe trehocat ed
al ong the side gf it Hodli@NAabaméas e6lechiig ﬁﬁma!rﬂﬁl@%’fﬁﬂmﬂ&a%lemﬁi dnl fafletal ong
its length. 11. The inproved systemof claim10, further including a flow

di vi der oper abl f saisl vesssh sthercinrsaiddpletdnloeated 2long the sidg ofisaid clongaie wssshatent hr ough
a first plurali wﬁr{ﬂéd&lelpbﬁﬁon 5“&‘? oward a first end of the vessel and a

second perneate flow 1 n'a secon ranch through a second plurality of
filter nodul es toward a second end of the vessel. 12. The irrproved system

ARG SR NG E e e A

conpar abl e si zeagyogtichyRtthéaye flokdin alie SoMBra¢R throytaeitt PlurslicpbMilttdmoddiey €i n
the internediate position is _not centered _along the vessel, 14. The

i nproved syst enfBRE? HishendpT thirvesss! and @rsecond BWP‘\? iflqwin 2 proppdfiaw Eraﬂ‘i?dy
posi tioned Wit irbuoh a%eédna ff,tumag, &fm@r ﬂ&aﬁe%'tgw&u latseaon&rem%ﬁﬁe whdegctive to

produce two perneate flows he 1 nproved system of claim 13, wherein
the flow divider is offset or offsetable from said intermediate position.

16. The imghoveg Sy, g;o%gae gfste&' O%B;n} F1. eELL ,}.Jéﬁm{dtai)go%& %%Lbs't%ua] di vi der

sel ected from anon €rs consi ¥ novabl e
restrictor, a fceneaied):tlongnaxdaiahsel solas ekgbduce fipaiand etorlgpanateigerofeat e

inlet/coll ect ors, llnf I atg % obstructer and a val ve assenbly.
comparab size and qualit

13.  The improved system of claim 11, wherein the intermediate position is not centered

along the vessel.

14.  The improved system of claim 13, wherein the flow divider includes a body positioned

within a collection tube of said filter modules effective to produce two permeate flows.

15.  The improved system of claim 13, wherein the flow divider is offset or offsetable from

said intermediate position.

16.  The improved system of claim 13, wherein the flow divider is a divider selected from
among the group of dividers consisting of a fixed or movable restrictor, a fixed or
movable blocker, a pair of separate permeate inlet/collectors, an inflatable obstructer

and a valve assembly.
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38 WD 03/039708 PCT/ US02/35352 17. A nethod of configuring a cross flow
filtration systemsuch as a reverse osnosis (RO system wherein the nethod
conpri seswDhg/03t7es of | oading a first plurality of filtePCrarsoyssdges i n an
el ongate pressure vessel with a seal oriented in one sense, where the

l'oading is gerfor gaflod & dring ﬁ%rosﬂﬂdv@lﬁftliaﬁ& sydefh sh@Pddiatevetse DemO4¢

plurality of filter cartridges in the elongate pressure vessel wth a seal
oriented in an (RPbSster, whersia thegnetbydopmaisesdpsstepswfier eby the first and
second pluralities of filter cartridges are configured for filtering
oppositely directed branch flows in said elongate vessel. 18. The nethod of
claim 17, further colvadihgh figt plomlitytod filterfcanttiddes incani etogpgte pressraevesdel with s ai d

pressure vessel at said first and second ends.. 19. The hod.of claim 17,
further conprising tﬁeé‘F%rfe f?ﬁd"fmﬁrs@?ﬁ?’d‘f'okffée 'i‘eg"@g'f’g &pgf@%?egﬁo%ﬁﬁte | oadi ng at
| east one of said sefipec@bn:@adtridges. 20. The method of claim 17, further

conprising the step of providing a flow divider in a perneate path of said
cartridges to apportion perneate fl ow between the oppositely- directed

branch flows. 21. A is%inggsécgita% ggﬁg@ I ERY chft el Rithe aIm%a& ROMREVSssd! Ui d,

such nmet hod conprising t providing a cross tTlow filtration unit
within a pressure vesidkh sea afiehtqurin g oprosite/sssiedd sdidonangns. f eed inlet for
receiving a flow of feed fluid and an outlet for passage of retentate
therefrom providing at |east two perneate outlets fromthe pressure

vessel , wherein per n@ricdyprIBaaed scbnd pleratites o6 filfdr oavtridges dratondiguted ifdr
comuni cate with said perneate qutlets; 9 WO 03/0397Q8

| ets; d, 3
PCT/ US02/ 35352  ar r afiffi'i§ OﬁPosl‘tél?éQFe%‘?ﬁié’rﬁ‘ch?&"‘f"FB‘r??‘flr?g’“gﬂﬁﬁes? 1 et or bl ockage

of a perneate passage in a manner effective to divide perneate output of

the pressure vessel into at |east two perneate streans of defined quality.
18.  The method of claim 17, further comprising the step of withdrawing permeate

from said pressure vessel at said first and second ends.

19.  The method of claim 17, further comprising the step of providing a seal protector

while loading at least one of said sets of cartridges.

20.  The method of claim 17, further comprising the step of providing a flow divider in a
permeate path of said cartridges to apportion permeate flow between the oppositely-

directed branch flows.

21. A method for cross ﬂow treatment of an aqueous fluid, such method comprising the
steps of
providing a cross flow filtration unit within a pressure vessel, said pressure
vessel having a feed inlet for receiving a flow of feed fluid and an outlet for

passage of retentate therefrom;
providing at least two permeate outlets from the pressure vessel, wherein

permeate passages of the cross flow filtration unit communicate with said

permeate outlets; and,
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22. The method of claim2l, wherein the cross flow filtration unit
conprises an interconnected string of filter cartridges, and wherein a
step of awpanEsI1e8 bl ockage is performed by providing at P€eagSODsBSE|l enent
between cartridges, wherein the elenent is selected fromanong the group
c?n5|st!ng of blocking elenents, plugs, restrictors, valves and el enents
of varying cross-section. 23. The t hod .of. cl.aim wher.ein. t

provi ded perneate oudTaBgEe pideashone OB%EOI’P&?F‘?G% o B ol S E ki NS Of

passage in a manner effective to divide permeate output of the pressure vessel

into at least two permeate streams of defined quality.

22.  The method of claim 21, wherein the cross flow filtration unit comprises an
interconnected string of filter cartridges, and wherein a step of arranging blockage is
performed by providing at least one element between cartridges, wherein the element is
selected from among the group consisting of blocking elements, plugs, restrictors,

valves and elements of varying cross-section.

23.  The method of claim 21, wherein the number of provided permeate outlets is three or

four.
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