4 MAY 2006 WO 03/039708 Branched Flow Filtration System PCT/ US02/ 35352 Thi s
invention pertains to filter elenents and vessels, and systens and net hods
for filtration of fluids, such as water, to achieve a fluid prgﬁﬂﬁ @f a
specified quality level. It particularly relates to high flow

flow filtration apparatus, such as nanofiltration (NF) or reverse osnosis
(RO wherein the filter nodules are typically arranged in a string or
series in the feed flow, and wherein the filtrate quality with respect to
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with | ow concentration of chem,cal g Clﬁﬁg}f’ t hat mﬁq}ét ot Xﬂse be poorly
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In these systems, the concentration of a constituent species or other parameter(s) may be

monitored and the measurement applied to regulate operation of the system. The invention is
thus able, for example, to achieve product stream with low concentration of chemical species
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 filiration 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




| 4 MAY 2006 WO 03/039708 PCT/ US02/ 35352 are usually determ ned by the
system suppliers, e.g., specialized water treatnent engineering firns and
equi pnrent manufacturers. In many instances a water user accepts a bid for
specified product water quality and quantity froma water sgp@gyi s who is
to own and operate the water treatnent plant, and the user do not set
any specifications on the plant or on the selection of equipnent/design.
This | ast arrangenent often provides the user with the | owest possible
wat er supply cost. Large treatnment plants often rely on a filtration
process enp I jor plunbed-in units, such as b dul ar pressure
vessel s conb@%?&%@gzo or other filter elenents, forqgﬁﬁ$§és ? one st age of
treatment. These filtration systens, such as nanofiltration (NF) or reverse
osnosi s (RO) ety determingd bydhetsyspyanpErwee- spcilized spfeg Bgetmpatiepgiedfignt ed in
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streamoutl et for residual flow of tEe retentate, and perneate outlets at

one or both eHFEMHPr Fifast gresegsoir@merle wat er treatnent plants often use
nodul ar banks of such pressure vessels in order to save noney on the cost
of valves and pi phag ikl h S Sano RO RrAA bl 8hiiSs @GNk for feeding
pressure vessels are relatlvely nore expensive than he” Tower-pressure
condui t s enpl ttspleent prperatishare pyeiratipipplemeniediinigh-Bavt tregtment anplicationsrd cigssovi si on of
mul ti- el emenfowisRfs WheRintQeBErSerk St Ul Sarthidhes ;4G EBdd in NP Bimb@for T €qUi red pi pe
connections. The ressure vessels are typically sli htl‘é | arger in

di amet er t harPghResrefiyidyesseh apfnpes direst e feeddey t@?‘@h’é‘ﬁl’t‘fg“f“,‘e Heb 9 f eed wat er
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menbr anes and_j i e s and nmanifolds. The flow
vol une and ffjpggv’\sl Sv%?%%ﬁ?%%f“%@@%@%@%ﬁ@%&@gr essively fall with
downstream position, and the concentration of chem cal species in the

remai ni ng feed WeayEdemRit@GnGRshed $sbis irﬂafiﬁt %ﬁt%%u?éigﬁlﬁs[)ira] wound or other

membrane filter elements in hydraulic series. These pressure vessels commonly bave a single
feed inlet, a single reject stream outlet for residual flow of the retentate, and permeate outlets

at ome or both ends of the vessel. Large water treatrnent plants often use modular banks of
such pressure vessels in order to save money on the cost of valves and piping. High pressure
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 muiti-
element pressurs 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 7 clements produces permeate at a rate that is typically less than




passage al ong each el enment due to such perneation |oss. Correspondingly,
the anobunt and quality of perneate that passes through each downstream
filter elenent drops. Thus, a nulti- element pressure vessel V\%Nh Mﬁ

el enments produces perneate at a rate that is typically less th AE MAY
2006 WO 03/039708 PCT/ US02/ 35352 n tinmes the output of a single elenent,
and the perneate is also of an internediate quality which is |ower than
that of a single element. The filter "transfer function" ofthe individual
units is determ ned by nenbrane type, and varies locally with the driving
pressure, i%‘)g”%%gtent of the feed, tenperature, pH @c’}ﬂlsoz%slgfr factors.
The general nmechanisns and limtations of these processes are best
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t he inventi ongfshQesiialthat offa Shaldiedldtt Y and consistency, refer to RO units,
al though those skilled in the art will understand that the inprovenent of
this invention.my, be inplenmented with correspondi ng or anal ogous
structure for ot Bk filtdr Fiahr fibdion” detié BddGdualanid isabtbrmbiéd tyasebraetypespondi ng or
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di fferent wayge doRe:d BiJedsd GRbXROIGK RS SpeledtR S RinerEIWRLRIs £8d, &RKI sh wat er or
fresh water | oading and treatpment requirenents. A |arge nunber of
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t eaches the use .of a .doubl e pas RO stem.where sufficient.caustic is
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reduci ng passgQgmBine B iPhisfiv@idnde 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 ROunits to inprove
renmoval (rejecti OFjtradénad fr@mnentufitstobitlis harbBfe REr@tinddMRed spelicsi2arag5 t eaches
increasing th Hof a suita re-i.reate fee o.i.nprove rejection of
poorly i oni ze‘c?fg'g%s’ea(':lff“émsmb&%sﬁmbé’s%%or on,m‘gl&ﬁ“’i caY afg'ss ad%%tﬁpﬁ‘fa{gs and to
reduce the fowhwarg bofkishyeritonfsh RO iedipaadissimeitrqtioges: dteg nRateent No.
J J catiofs d | ed chemical species in liquids treated by
6,267, 891 t eagh@ficahiths dtibinMe rdnRWar EPHESIH REGHE:

RO. United States Patent No. 4,574,049 (as Re-examined) teaches the use of a double pass

RO system where sufficient caustic is added to the permeate of the first pass RO upsiream of

the second pass RO to improve rejection of carbon dioxide by chemical converston, thus
reducing passage of carbon dioxide into the produet (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 {0 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 pi{
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.




pretreatnment, degassing, and pH control to maxim ze resistivity of a high
purity water produced by a double pass RO system Many ot her systens

i nvol ve ordered regi nens of pH change, degassing, scrubbing anzj fi ll[h]ﬁ ation
and ot her operations to permt the efficient renoval of multip MAY

probl emati c conponent pairs of constituents. Al of these processes

requi re extensive pretreatnent equi pnent, and nost al so i nvol ve substanti al
chem cal usage on an ongoing basis. 3 4 MAY 2006 WD 03/ 039708
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pressure is in the range 'he pressure
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cartridges, suc S reverse
9 pemtlrts the process to operate at a controlled pressure above the threshold driving force

needed for permeation through the fiber or membrane filter. Typically, for processes such as
ultrafiltration or reverse osmosis, this pressure is in the range of two to eighty atmospheres,
and the pressure vessel is a cylindrical vessel having a length that may accommodate four or
more filter cartridges. In the prior 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
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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cartridge to generally force the feed water to pass over the nmenbranes of
each cartridge in sequence rather than flowing directly around the outside
of the cart (96t the downstream el enents. In dev'%ﬁ%m%ﬁm&@is type, feed
fluid conmmonly enters at one end of the pressure vessel, a high rate of
flow, and travels along the | ength of the vessel contﬁétln one side (e.g.,

ei ther 4 4 b inidos thaonisdy) of s Alia monbrsoeapwited msach fifen gartfidee; YEPYEY he out si de)
of the filt elf#PElarmaenbiwe BiheniateRmbghitielflie medifib itsesppifine apor ti on  of

the feed fluigd 051Eeﬁ%ddog‘§xﬁgr§%5%re Zrngseg%ogcte%trrge&)r%%atg gﬁe_]éclt menbrane exits

t he appar at ud™®4pP ressure-vessel as a concentrat ed
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center-pi pe nppi.f EheﬁlttJ‘S{mﬂufatc&}ﬁ ,.mb@mﬁti?@:het%%lﬁkt%wsto@ﬁm to formfluid

connections W|th e |n et or outlet flows of the pressure vessel Such
cross flow flﬂwpsﬁﬂll units are enpl oyed, vmth sui tabl e nenbrane

structures, far a nunber of separatl on and purlfl cation processes,

including gas m e s at.i on. a mcrofll ration,
ultrafiltration, %‘i‘tﬁihé‘fsfﬁ’gv 2 tsﬁf? %V\‘?%P”gfés“%%" %ormer ci al

scal e, many oﬁnnbeh@s@mamnlaudquﬁcatmspremsbsoycl@m%mixttmme;faramnr ation to separate
or renbve C o gﬁ@é‘&ﬁmﬁt&%ﬁ,%}&ﬁﬁ@aﬁm{ ha!dé»ﬂi’rraﬁ&n, g x%ﬁs%%éiﬁoﬁis tdat may be

el evated to t several atnospheres (in the case of
ultrafiltrat |f@wmmlalPffawfapxqf#la%euamksatmé?ma%wcaoeﬂwﬂﬁ%%?ﬂt%epeﬁfgm y or nore
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achi eve a several atmospheres (in the case of ultrafiltration or nanofiltration), or up to twenty to eighty

or more atmospheres (in the case of reverse osmosis of a seawater feed) in order to achicve a
desired level of flux across the membranes and suitable yield or quality of permeate.
Contaminants such as suspended particies, 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, salis, and the like may all be removed in
this manner with membranes of suitable porosity/permeability. The semi-permeable membrane
“rejects” the targeted contaminants, ie., 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 corpe 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 ofwater at the lowest possible cost.
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stability.

Correspondingly, filtration membrane suppliers or OEMs in this field have developed
modular membrane cariridge elements that typically include a spiral wound membrane/spacer
envelope communicating with a central fluid permeate conduit, some structural body or
skeleton that maintains its diameiral and length dimensions, and soms form of cartridge-to-
cartridge coupling. The coupling may, for example, include a male or a fernale ending,
typically with O-ring seals, that joins the permeate collection tubes of adjacent cartridges.
Muitiple cariridges 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 thoss of another supplier, so that, as a practical matier, a large water pwification or
treatment system may operate using many hundreds of cartridges of a single type from a single
supplier.




Correspondingly, filtration nmenbrane suppliers or CEMs in this field have
devel oped nodul ar nmenbrane cartridge elenents that typically include a
spiral wound nenbrane/ spacer envel ope comrunicating with a cen r@k Z%w d
perneate conduit, sonme structural body or skeleton that maintal

di anetral and | ength di nensions, and sone formof cartridge-to- cartridge
coupling. The coupling may, for exanple, include a male or a femal e ending,
typically with O-ring seals, that joins the perneate collection tubes of
adj acent cartridges. Miltiple cartridges of this type are assenbl ed

toget her W 4}y oshHotogbl € shins in a pressure vessel tgp J3%§‘z a fit that
limts axial novenent and t hus avoi ds erosion of the sea novenent
during extended ﬁlﬁe' a{bhag anti-tel escope/ antj - shock deV| ce typically
is placed at eac e prossugsrvesselypendeweliops tedfishentcand absorb
axial ly-dir ecineéiutfpmtse&smﬁ:arsmhm(it the/feddieid ealibw lstfﬂ@&ttal@ﬂ@ﬁbne entil®€thé Nt er nal
cartridge co Qri.s of .one pl i nat .be conpatibl e
with those o?‘g %515%110 d%e Oﬁ%g&}e%ﬁldo Succefsﬁ’a{ﬁ}%r Zgn §Qsparng§1fv RS a large
wat er purifi cthﬁﬁmvrmpreﬁhﬂt@aﬁmmsfsylsm@smﬂ;ewpwteém@er@wmchsgelhundr eds of
cartridges OftachledQeed % fvfh%ﬁméih@@eﬁﬂcaﬁrﬁ%’st'oﬁﬂe ﬁlt@atléhs X, 2006 WO

03/ 039708 PCT/ USQ2/ 35352 1n the connercially avail préssure vessels
known to applW’&ﬂ@m@ﬁﬁ’“ﬁ%@e&g@ﬁt“ﬁe&ﬂ%mp&wrﬂ%Yessﬁ]éi?h{’té"]ﬁﬁéml%bf&f ed such that
the feed fl undorwrchr{ndéels’mumsdnhsﬁ!ﬁmwnﬁﬁt& mdftﬂe%@ﬁerﬂtaatﬁﬂwaohemervessel t owar d

t he opposite st ilter ca vessel s are
sized so t ha‘? thg@essel rm?s%n%?dsa}’ ‘%"legﬁm&r&?a? aS’FSte’é‘IOg ?s maybe
connected in @Eﬁﬂhé’gchwgﬂsmlﬁﬂfﬁﬂvembsmetersrmmmmeraf\(msls of e gizapaci ty while
limting the 161&@(@4 dumbR B 48 A sseb RO fhe }egﬁm&#laﬁr{gas{lfa oA Md the! Y PI cal

filtration sy@tem e(aﬂagns in use today enplo sure vessels that hold
six to eight & THEe ﬁ"ﬂ?“"ﬁ"f‘ﬁ“’ﬂﬁ‘@@&mﬁﬁo Hﬁlﬂﬁ‘ﬁﬁ%ﬂmﬂhe{ efspstleqompauppissuchand t hese
coupl e or |ntaer:ﬁamldsmnabm@aameﬂmesamsgsﬁ@mtdh@efﬁs@saaa&elyaﬁlpﬂescrl bed above.

felat tvety i T BaSR) Bhefhos S Bodls o5 il w9 5Bt Bl f e g1 ven
| ength, the nﬂﬁmmelwtﬂﬁhd@s%QIdeM@ﬂast}fpicﬂgsﬁeeﬁdcopump:t hadlisprg,g.,Suppl y
condui t size tﬁé’&}hﬂiﬁt@lelelnleﬂfs%:eJ&?amqmﬂmE%L§Hﬁ§gﬂgﬁ@olﬁ&ﬁ one to mnimze

t he nunber of costly conponents such as mani punps, as well as
val ves and sefuBpiss ngimeter, Tapsstheayodyletogmoiyenagkingoffiprartidgasinlengi ng and cont r ol

regi mens. |t mdsase va@amavmemﬂaw@pﬁmyfoﬁmgdea@ﬂof@aieﬁ@mnt of the

While the use of modular arrays of multi-element vessels ailows one to scale plant size
relatively easily and to connect with 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 ting (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 cariridge is plagged, as is the upstream end ofthe 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 vesscl 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




filtration elements, which are all identical and are typically sized for
convenient handling -e.g., the cylindrical elenents are under about a
meter in length and are usually ten to fifteen centineters in di MAel08s .
Thus, the nodul e-to-nodul e packing of filter cartridges in long pressure
vessel s provides a flexible approach for plant designs of different sizes.
Wil e the use of nodular arrays ofnulti-el enment vessels allows one to scale
plant size relatively easily and to connect wi th upstream and downstream
processes, it does not provide nuch flexibility of the filtration stage
itself. U Sydaheng No. 4,046,685 issued in 1977 to QQﬁgg&ﬁg%gon Syst ens,

I nc. proposed a systenlmherein a feed enters at one end of an RO pressure
vessel, and a ring {( shown in ure 1 of that patent) is |listened at
an i nt er medi a%retepegwtu%lﬁﬁsqf ﬁw‘a&atﬁrﬁr@m Senajning elementyyit e grrofipeidefih a front RO
menbr ane car tlﬁrésﬁl@ﬁ/cssa- henisd oM 16 gt sho BlcatidiRteP@kpTEatahs Pigiere®f the front

cartridge is plu as _is.th stream end .o per neate pi pe of the
next cartri dg%?mg%sm%ﬁgtwﬁé)?'f'rﬁgwgléﬂd gagf}“@&lg%fv%frﬁ“? places - a first
fl ow of hi gh gwedivdyyfiqpethamat RO pitat.t Hrgveven [apptlicantdyyait aydare bhmpegd elsteand a second
flow of 'essesftﬂ%ém&meﬁﬁﬁ?ﬁeﬁw m@@ia'ﬁ&%ﬁgyse‘e& m,m,u% el downstream

cartridges, at the distal end patent” al so suggests that

such an RO v%‘é@%@“@iﬂeﬁ{ﬁﬂaﬂ?%@?ﬁwloﬁélﬂéﬁw@@@#ﬁ% second stage RO
sublstl tuting &Bc@iﬂna#ldﬂ,ﬂﬁbdnﬁﬂgemﬁﬂéﬁ:@@ﬁ@uﬁ:ﬂedﬂé Ooﬂoﬁ\a &meogeseggﬁnt of a high
quality water_at the front. end 7
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el ement s at tteoppmipomi biBhegmessuefvessdhe pressure vessel. This is intended to
produce two useabl e water output streans of different characteristics,
e.g., to produce donestic and industrial/agricultural water outputs,
respectively, frobhthemedensrgenRemplevipglons, pyliwisidze gspleivessglithaas ot awar e of
conmmer ci al fYﬁﬁoﬁfﬁslinFtQi tht ﬁtﬂnbér)ﬁpﬁtrdtl&ﬂdlaﬁﬁﬁtﬂﬂat lbd?l bé SiRLivddAkiRRL mth!is'%%fnﬁﬁd ] mgde mh
systens enp u ore" e re. vessels S escri be The
cartridges en%mgﬁgl ?fesflﬁ% Z@%Liﬂ‘tésac?f’ffs‘ég?'}""ﬁ ‘\72‘”’%’?&3‘? feseal s: the
cartridge nayecrizeilowiiieativrgalocess) Blia pestrizaiglintiycalfvessahasadeseribed o e, the fee vessel , and
may be rennveﬂm“k%pb&%hhM 86N ngﬁ travel in the
sanme direction out efteh%€ %ok%%%%&%@%%g% ve % . I'n the nodem
systenms enpl ofrify ﬂP‘émjsesWP&&*WPW%&@EF@WWW@?%W e is a

around the perimeter of each element prevent the feed fiom bypassing a cartridge, so the

concentration of retained contaminants continuously increases in the remaining feed water as it
becomes loaded with the “reject” of upstream cartridges. The volume of the downstream fzed
flow also decreases in moving from the vessel feed inlet to the vessel reject ontlet. This
double concentration effect increases the osmotic pressure barrier and thus the driving
pressure that is needed af the surface of each shccessive 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 flnid
flow path, also operate to reduce the downstream pressure as well as the fluid velocity of the
siream as it traverses the length of the pressure vessel. Bach ofthese factors lowers the
productivity or efficiency of the downstream modules and the quality ofthe downstream
permeate. In extreme cases (such as in sea water desalination where the semi-permeable
membrane is a seawater RO membrane), the "last™ downstream filiration element in a pressure
vessel may contribute only a tiny fraction of the total permeate flow compared to that
produced by the "first" upstream filiration element in the same vessel. Conversely, the




practical limt to the nunber of filtration elenents that can be
effectively utilized in this manner wthin a single pressure vessel. This
limt is a consequence of the trade-off inherent in the cross fl 2
filtration process. In a pressurized cylindrical vessel as descrﬁ@@% g@ove
the feed fluid flows axially along the I ength of the vessel to reach each
successive cartridge, and purified fluid passes through the nenbrane(s)
and is collected as a perneate stream Seals around the perineter of each
el enent prevent the feed from bypassing a cartridge, so the concentration
of retainedygARhRMENANt S contlnuously increases in tﬁﬁnﬁﬁﬁﬁkﬁing feed water
as it becomes loaded with the "reject” of upstreamcartridges. The vol ume
of the downstream feed flow al so decreases in noving fromthe vessel feed
inlet to the Yasagslerpegymax exngisiqe apigherdeeree of gljgefie ar %@Hﬁ:“gﬁlﬁ‘? ISP dRe 81 f ect

i ncreases t hethﬂﬁdﬁaaieuﬂuqagmszutre@eb@&e@|oeifanaiaelexﬁdnuma}tdgedmmnw dagko ther essur e t hat

i s needed at e sur e of sive nenbrane el enent to produce

per neat e, res“?? gpghowfe?§¥ation characteristics along the

| engt h of the pressure vessel When plural filter cartridges are placed in
series, |0ss Of ff@shubtilethuliatddfe HRBINEAR Rl R Gafltil difther and t he

currulatlveflwd drag or pressure gﬁﬂ?aon upstream fluid flow path,
al so operate RiR§ ﬁF‘E%F&E?éPR’??@bIHHWﬁ?‘ﬁ’?”é‘ ﬂ:@glgl&p}@mdggalv@]eq pogignsofide £ | i d
velocity of t;hemsmsaamuashelc&hudﬂcampSﬁglashenﬂoamgﬁ&meﬁesﬂehaedm mssur e vessel .

Each ofth fact f th

dg\(/:ms '? r ea(r?S ﬁﬁ‘?ﬂ@g '"t“ﬁ‘gdsfgmg‘?“f %@r %(gpeﬁﬁlea\r/%ﬁ’?)%ﬁ‘g{ %‘@gﬁé{)%lffggﬁé%f I n extrene
cases (such awhif meeéalpwalnlekt, ﬂé@&b@hm@cﬁmwe@eM@mﬂmbrmpwlﬁeabl e nenbrane
is a seawater coﬁg:tm&@déﬁs%vemﬁ Rfdred d@ﬁa}s, su&ﬁ}%}ﬁ} LS The ;}nLeto‘,'ffﬂé 6e§§5‘1 glzement in a

pressure vessel may contribute only a tiny fractlon of the total perneate

f1 ow conpar eds“gﬁﬁstﬁthaéft Shob]PBb‘i?Etéwt‘{q’i‘énd@‘il?“ﬁtfmfﬂ%’{“feé’ﬁﬁﬂ?ﬁ?i‘i%fﬁn on el enent
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upstream el engnt ence a er de or fouling
early in |tsrr‘;l%|mfe n@ %gve wmr?énlﬁgcgsg t‘fﬁ %&6 4&@9“&%&% ences, or
various el erremtsnmsmgeesshlEﬁleiﬁlemwct@memlmvamandiqlrhlﬁseqcelmye&ﬂlen bot h

salinity and &daﬁaeofhhpepmeioga&nsemsmlu{evsse@%&é&@&'meﬁg‘&wmwdmdge pressure
vessel s, the end ps or manifolds with their pipe fittings are

appr eci abl y n?ﬂP”é‘“@’)‘(ﬁ%‘?%‘?“&"évaFFﬁﬁP@H@"ﬁl“ﬁ’iﬂlﬂesdwri‘tﬁﬂf‘tl dpwspad FePfpor t i ons of

the pressur epstifieRbessary foidict belpatio At e Aésighed kapR@gdouRreqRireGlueiFees OMPOSi t €

Pressure vess e Losih a;;[ufengs a?i thergby Substantially increase energy utilization. The level of required

energy may also vary over time depending upon seasonal changes in feed water characteristics,
on filter and cartridge characteristics, membrane aging or fouling conditions, and the structural
configuration of the systese, awong other determinants. Cariridges may scale or foul. These
factors may therefore combine to drive down performance or increase capital costs, operating
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




psi may be manufactured for about $20 - 40 per linear foot (thus, $40-%$120
per cartridge), while an end cap with inlet, suitable sealing faces, and
perneat e and possibly brine outl et connect i ons may cost severa 8@g2ﬁ§e
dollars, substantially raising the price of the vessel. This t hat
it should be cost effective to extend the length of a pressure vessel to
hold nore, e.g., 8-10, filter cartridges while still using only two end
fittings. However, as discussed above, while the relatively | ow nmargi nal
cost of adding additional filter nodules in a linear section of pressure
vessel is iygEkhigs @ reduction in relative yield and,QHal.lsk¥, occurs with
the addition of further filtration elenents in the vessel Mreover, if a
designer were to address _capacity by using | onger vessels to hold nore
modul es, oper&itmehpraiectsthabintove RessisyqlumespEvidapd myst Qreratt oM ¥aSle v t o ef f ect

separ ation atecdnBiiic sesignectaCR pevethdiy. TEbH sghteine Syl ivelvé g opbrating &Jsts  Pr essur e
punps and thereby s r.ea tilizatian. The | evel of
required en§$§v%ﬁﬁ§8§ SIW§w9%5b§$’?%§%W§Q ‘%%T#&mﬁﬁgﬁ sgasonal changes in
feed water ctpb,mamg,mdiﬂsyre{;tscpperodmmmbtmorem@ldgeaﬂptmmdge%chawafm@m stics,
menbrane agi rEEeS’erofaQ&&LrF e gmgpanmgga;ﬂdésgmgutb&wem&s configuration of

the system anong oth er et erm nan es may Scal e or fouL These
factors may t%ﬁ@?‘@?@’dwwﬁnﬁeﬁv@ﬂéﬁﬁ%@w&%°B‘|"fﬂ1"'ncrease capi t al

costz oper atliﬁﬁﬁeof@@@je& ﬁ%cfb@bfthdséboﬁc&@%n&ﬂ@&idﬂ%&?ﬁxhy@ﬁﬁﬂkﬁbﬁ@fml Ires ] ]

steady-state o on at |ess ef fi cien r at less than the

i nt ended or ts‘g" ﬁft G&W&Ep%ﬁtf’&ya““}éa‘ﬁm‘fﬁ‘étg‘a“ %Pé?%rﬁ? %g the capacity

of RO pressuNem&ﬂs&@h$mMGﬂanmswﬁwnwﬁsun@mmﬁMasmmsnnwebwuﬂammmély

St andar di 20d, gon GATTRRIcs HHA:Afed ersga&kymwg&&mﬁmﬁmmm{m&@rtﬂdges in
suc

series. Even mnt e abi 1ty to vertically stack banks
of many vessépyﬂm$%W%ﬂﬁ%%ﬂﬁﬂﬂﬁﬁ?@ﬂﬁﬁ@ﬁmwFﬁﬁ@ﬁﬁﬁFaﬁﬁ@@ﬂ%ﬁ&@“*&?e required to

houlsg g mﬁl OLermh&cr&m%&a&bﬁaﬁﬂg&Mhﬁﬂ@ﬁm@%ﬂn@rmgwﬁf ler conpact ness
wou e g ra ecallse CI oSS 11Ltr tIOI’l processes
e an® oy o i Pvears e S i gRE oD B AP APE tRER ot |t v
enpl oyed for wvdltasathe mtﬂmabmmutbeﬁmaﬁmmpammosbfmm pléit dbsipd0d 2806 WO

03/039708 1' quﬁ@%éﬁlﬁ?é&l&f&%%%ﬁg&Qﬁeﬁ@nﬁméQ’%mnfe&i{&lcé/sﬁsﬂass' ve vol unes

of fluid and nust operate | ot nman ear's econom c_consequences can be
substanti al . W%S%W%W“%?Wl?wﬁt% have pegemedistspsinely ogked B9 ile uset or ener gy
and chem cal Sofbadic@fiehdvin@iest Bitatidhs. lne&dn@hueﬁeamﬁeaér-la@g\éﬂw@amefste@pnst ruction

and being designed and built today may be substantial,

It would therefore be desiable to provide a multi-cartridge cross flow filter assembly
and associated fittings of enhanced design versatility and/or performance,

¥ wounld 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 cutput, 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 sysiem designs and methods of this
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pl unbi ng, and they require periodic nenbrane or cartridge replacenent. The
ever-increasing size of RO and NP projects entering the planning and design
stages today requires consideration and inplenentation of increnmental cost
savi ng measures that may, over the lifetime of a project, affedtMANBh

of t hese cost conponents and thus may produce substantial savings for the
owner, operator, and/or other custoner of the project. The use of
conventional, nultiple elenment pressure vessels may in some circunstances

| ower the capital cost of such systens by providing greater capacity

W t hout add?&;gﬂgJ gconstruction costs; however, the &ompheskse of
operating efficiency as noted above attendant mnth the use o such vessel s
may increase the |ater operating costs for the sanme systens. Institutional
predi sposi t i Byaionr weaknesses within a contracting authority, such as a
public water board, as well as the bidding process itselfmy bias the

eval uati on of.tr; (ﬂe3|gns and result in a failure to fully
consi der or % St per f or mance or mai nt enance cost issues.

Nonet hel ess, current modul ar filtration systens have becone increasingly

| ocked into the 43 ms & r&ﬂ@%tﬁ &bﬂtﬁveh@)&i'eﬂﬂoﬁa%&&re%smﬁoﬁ’mg@mbeﬁhe
a

consequences for “ever- nd %;f/stems bei ng, deS| ne‘p and built
t oday may beﬂfsﬁﬁll@%ﬂtl&h*!"i’nﬁis‘w %R%ﬁ?eﬂ“taﬁ@ﬁ D} WOB & SFEE T HD1€ T o provi de a
mul ti-cartri ggakde féeatel sdbnt inkiéréwo ﬂssﬁnﬂﬂmynsoamqiroagsmaxMteebpmbﬂetl ngs of

enhanced desg{;}t@\é\e}]&g‘g%%f&%%%g lar a]ggsr "H;%%?danéetmtﬂ‘&ld s be desirable

to provide [o}:\ assocl at ed fittings, or that
provide an i mmessdm%ﬂtesm@eﬁhemFW%#W?ﬁtegﬁ%f floyr ofyi t hout
detriment al en? ﬁﬁ%m% ﬁls%l?&%ms&ehnmcsbrﬁcs%ﬂb@oﬁ@sspmﬂe to provide

basi ¢ vessel, ter cartridge and associated fitti ng ﬁgt ddICT ease
out put, that m@m}c@ﬂ@ﬁf@?ﬁ*@iﬁ%%@ﬁ%ﬂww Ao, 3,§0lg PHEEAR CLRG &€& energy

utilization goliRl fb&seﬂaaﬁmmhefwfctﬁemur@fonapqndtanﬁwduatrﬁmemm@lom her
limtations of and deficie Lhe. L bdeRldnQuri fi cation
systems are APEPESSRYe FrF© t?rgise% et paQ]tgie(?hl;ss“njwt'ttcgﬂhlfaﬁr‘rzprx%veél1 syst em desi gns
and net hods eé&ftehe. 10 4 MAY 2006 WO 03/ 039705 invention. SUWMMARY OF TIE
| NVENTI ON

A treatment plant using a system according to the present invention as one stage or
treatment may treat one or more of the permeate streams from that stage (such as a lesser-
quality stream) by further processes, such as reverse 0smosjs, nanofiltration, ion exchange,
electrodialysis (either unfilled or filled celi electrodialysis), dialysis, distillation, uvitraviolet
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 preduce 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 Yiquid to be

treated.

One or more of the foregoing desirable ends and operating advantages are obtained m
accordance with one aspect of the present invention by a cross flow filtration apparatqs, such
as a reverse osmosis (RO) apparatus, having an elongated pressure vessel, suchas a cylinder,
with 2 side eniry 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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PCT/ US02/ 35352 Systens according to the present invention enploy a pressure
vessel housing a nunber of filtration elenents, such as RO el enents,
arranged in a string or series, and are configured to produce peWhieHiE
streans under two sets of conditions or to produce separate or separable
perneate outputs of two (or nore) different qualities. In accordance with
one aspect of the invention, a vessel and/or the filter cartridges

t hensel ves are arranged to split the flow of pernmeate fromthe el enents
into two streans. In accordance with anot her aspect of the invention, the

vessel s andyfd ;hRsscartri dges may produce a single pegdfralgsQut put, but may
al so control the pressure and/or the back-pressure acting on separate

individual filter elenents or . subgrqups .0f .0 r e filter elenments
within a singfEveedspt téheéi??ﬂgﬂ‘é’ég‘%ﬂegf’gﬁfgsﬁfeanﬁrglrmgg{eh’fo%l%‘rar%ﬁce. A

treat ment pl diluaticnStand) opsesof Etselnm sl eiddiltergartridges, sl ayecogiiet flgwdinestedi on as one
S1a00 O o SR Dol Yokl BhncPOfpfibs Bl Rnlilind O RRUTHALSs@L cams [1rom ¢ ha

stage (such as esser- qua _ : further processes, such as
reverse osnodhsfistaaiserond tranghtes ind ip eppostiserrethigward regredivs GO e &fls (e t her

ulnfi | | _edI or fvihhé Iﬁghea@%ﬂﬂtﬁie%&rsﬁ@ﬁu@ tueﬁﬁegﬂme@lsn_ahsmieaad ihhSetntechtert 11 on, "
ul travi ol et ight, absorption in or adsaqrption.on var S i a. e
treated st rezi’fﬂ“g’jdsﬂfe??mﬁ%es b@‘ﬁa’@’ff oS PR PRE y&ﬂﬁ%ﬁ%ertﬁlecfjffgﬂ?%{/ﬁgperneate
(e.g., from upatit eamily odiwvaed inte ke nainifge) oftie fiprapdissosd branghes dretpreferrelet | ng maxi num

predet erm ne r.speecif] rat ORGER ' rLanges.

Treating onl %m%gyﬁe&htﬁéewf r%gr%%gg&m%g%ﬁgg%%%ﬁg%%h%§ In %ﬁj‘%ﬁ%ﬁoﬁer processes
resul ts in mifitetioncisments. Ebiesyppreprpduess 8 filyatesrean ofgnhatsedrsrmegst 1afHond to t he

vol unetric fle@aeieﬁcfanﬁ ity thlalepd infhibeiCor Btridded fadpehlonOert &dw paibs @d of  t he
foregoi ng desirabl e, ends and_operati ng advantages are obtained in

accor dance vwoPﬁatB‘ﬁﬁ%ﬁvéeéPvefpr’gﬁ‘ge%%@%%e'i nvention by a cross flow
filtration apparatus, such as a reverse osnosis (RO apparatus, having an
el ongat ed pressurg .V, i i 1S ptry port. The
vessel has a |eng hﬁﬁgc%%ﬁ}m{%@g?%a}hﬁéjrla |t§m8¥ﬁt%ﬂ?ﬁd%gg%’ggrtri dges

posi ti oned wiandinpre prafrakledsé eartridgpihandthe-paritrisisgs of ogeh brapgharsepnugsted mgpsieor gr eat er
preferably fvaweac%mgrt@%;s%m;{masdnﬁﬁn&nfeﬂn@ﬁﬁﬁerhafomrﬂﬁeerably placed at an

intermedi ate stage, of .the 11 4 MAY 2006 WD 03/ 039708
accom?nodated in the pressure vessel is preferably even, so téat tﬁe branches can be made

symmetrical with n/2 cartridges in each branch. However, the side entry port may be placed at
a non-centered position along the pressure vessel, or the two branches may otherwise
accommodate different numbers of cartridges, e.g., (a+1)/2 and (n — 1)/2, ora 5-3, 5-2 or 4-2
apportionment of cartridges. The latter arrangement advantageously enables design of
asymmetric treatment systems for high flow apportionment to produce two different-quality
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 firther ireatrent 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 ofthe 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 ofthis invention may be implemented with little or no

additional valving or special plimnbing.

Large capacity water purification plants may employ phiral banks of such side-entry
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PCT/ US02/ 35352 vessel's length so that the feed flowis divided into a
first feed flow directed through a first filtration branch or set of |ess
than all of said filter cartridges, and a second feed flow diredtNAY 2006
through a second filtration branch conprised of the renaining ones of said
filter cartridges. The first and second branches extend in opposite
senses, toward respective ends of the vessel, while perneate or filtrate
passes through the nmenbranes and is collected in the perneate manifolds of
cartridges in both branches. A spacer-adapter may bifurcate the feed flow
and direct ydospemsral ly outward into the cartridges gipdsh@sdsi rst and
second branches. In a preferred enbodi nent, the two filtration branches
are of equal |ength, .. contain, equal nunbers of filtration el ements.
Thi s system p'eh @é@‘esato P?Wefeﬁé‘tgecag?”%ﬁdﬂm@nﬁ%cheaé‘ﬁmﬁ’epf”ﬁ@ﬁef%e ¥Fansf er

ef ficiency anc wﬁmﬂenthmbemfbd@sea, ol-eassg]eoﬂauﬁbeﬂt lefdth @ﬁpﬁsﬁ:g diffest mmbsanged al ong

short flow pa r |gg aver.al res e drop per
stage. Each f%’llhﬂ?m&{)’l on ?aﬁ% owa &%@erf’”?temaéﬁegu pa%a‘?lﬁrﬁber of filter
cartridges (edqynstregnignk, mom@em@fsera&bi-gpti@zedp@esmbtmtdlgegylsthand t he
cartridges of d@@@m@g@m%ﬁm@e&aegas@%am%ﬁrbe%nﬁgwﬂtha@pcm her to pass

pernmeate to a_commpn outlet. The nunb cartridges accommodated in the
pressure vess Hp nERbaspritollad toyfinget thy E‘?ﬁm"'ﬁ?@ ofe H%Ftbm’ckﬁ‘ehaf}‘r ﬂé‘ﬁ’cﬂ'i beffchtkae mde
symmetri cal Wekles df Andtherdbbdkisd S@ESairtdin @&ﬁtﬁng Emadﬁ@bfthﬁmﬁweernksoﬂﬁaium de entry
port. may be plac non-ce ition alo ressure vessel,
or the two rgvﬁl}: tge sttem" %df’ﬁqta%eousg YS‘E“’SSBE%S“&%“‘“&PW"Z T O“EW%IF s of
cartridges, edePPEfWQ-P‘)'#PQfohtnéNS@nSha{ﬂ)glﬂzsamﬂumbesofsartr@eewenﬁw@el apporti onnent
of cartri dgesmedhBf ohiist &fa tRE-5taR B@fg wANLRESAYmERaSs design of

0

asymetric treatment systens for hig W_apportionnent to produce two
di fferent- qual‘“f"'fsfi'gebﬁ%?eﬁé’&’t’b@meﬁ@hﬁfubﬂ@?m@ﬁlﬁweﬂ@%%ﬂgw 1 he | esser
chain of cart bdn@&ﬁonﬁﬁﬁeqlﬁm&t dnll tibRerflof dDYiRASGIzMtbRCHNeTRt Sopaugeat e. | n

systens ofthe i t exa | e, the perneate stream of one branch
may be subj ect %ﬁpd&v&mﬁa‘?%ﬁ rrg%f ment stage while the perneate stream of

the other branch may form a bypass flow that is blended downstreamto form

a product water  Quisptiry %ssﬂ'@%séﬁagcoﬂﬁhﬁ kd tﬁé’presecﬂy bR o indllAE 2 hBNGEDT T On

achieve a flux substantr all singl e conventional in-Iine

pressure vess&rsehigyngpysideplet §%ﬂ?ﬁ“‘"ﬁﬁr%°é‘fm ‘%ffﬂRO’a&alPltngﬁséFﬁ% adhfedawich  end or
branch of t heenngasiebdappebdizasl fatinstie o g&presswewesaén&al position Aidhelveddrgoncent r at e

| evel s. Syst di;ng, ¢ Lhi j b
ok ement ea. WRHARTOE E00HsRaSTRAR P it PR kb B ER i ng.

smu]ar fractional length. The adapter is then positioned to serve as a spacer or separator at a

common end point between two branches or strings of contained filter cartridges, operating as
a flow branch point or bifurcator for flow in both branches and permitting feed flow to the
cariridges via the vessel inlef. 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 I/, 2/, 3/n or other fractional position along the vessel
corresponding to an integral number of cartridges.

A filter cartridge for use ina system according to the present invention may be a
conventional cartridge. It may have a central pipe forming a manifold communicating with the
mnterior of the RO membrane for collecting the permeate from the cartridge. Typically, each
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Large capacity water purification plants may enpl oy plural banks of such
side-entry 12 4 MAY 2006 WD 03/039708 PCTI US02/ 35352 vessels in series to
achi eve a high capacity staged system Each bank nmay conprise the sanme or
a different nunber of vessels, or vessels ofa different |ength cqpm\y gﬁg{pg
different nunbers of filtration cartridges. The system may enploy a

booster or interstage punp ahead of a downstream bank, as known in the
art, to set a flux-optim zed pressure that maintains the desired

t hrough-flow at a mni mal power cost. Systens maybe configured with flow
val ves thatwg@Msog controlled to direct the perneat epdQms93¢ bank to back
flush or to effect cleaning cycles of another bank so as to maintain
operating efficiency t he various_banks or nodules wthin the system
Advant ageous| ™ ag%}%ﬁt"éﬁ@'@?e"trﬁ@e TR RS srenisglingiater ithereopoelifier  pressur e

drop per st aganespﬁmagﬁﬁbdrauﬁtyﬁbﬁﬁadﬁaawtaﬁgdgbhaiﬁﬁﬂeseQManm@{uacart ridges

w th end-vess ets l.n t age | tis;age system
this may ObVIg%m %G%’%E@égnge Al & Shor ebr‘(:sc’{lnga%r b@g?ﬁgqgem F]fm%gﬁrther
enabl es subst fitkdik¢ @ capfhavingg st‘fﬂehwgi deal, eqzq Onepiimrbsadts agaimstkhoinnerivalofthe nt

confi gurat i Onges@faioRfidioRefetle TAILa HEFRNAE ¥ PingQbat HbiREL oHﬂa'yi)éazat' on of the

first stage ogt put . pressure in downstream stages or passes. A side entry
pressure vessBPHELBPHIY RSl stk w8 & yron swif el e Siersa whitarddéh a pressure

vessel havi nga ddeshigy@cssahbitlic pmmb:mgdm &siek&@bﬂeﬁﬂb@l&ad&d\%\wd/se@bpng its
length, and agfe LRI A" adapt er. ur.ed for insertion into
idges é{tﬁc: on:

the pressure uasealpgains e |onnse i“ﬁg‘%’é‘%@ gigavobEpdes nort . For a
vessel of Ien@?ﬁ?el@mwﬁebm?ﬂe@t)Obmwsuitfélﬁpm’@gammdddwmnpﬂgm@pr@mﬁfeeQL15 or
simlar fract %&W@hﬂe%@gﬂaﬁ&ﬁ &r&ﬁ%&%ﬁ%&%ks@%&gw Serve as a

spacer or separato conmon_ end poi nt nches or strings
of cont ai ned ?PP'P{”@‘P dEﬁP?”rW“H@‘é?“%e‘?%?’iaﬁ@]e spsh stripgof @iiyidgesanaebe poi nt or

bi furcator f owitidlaewywhén itiodebesdary B repeSthedaridgey svatdyadishrapdik b@wrt o t he
cartridges vig FE e vessel inlet. The entry node adapter may include a
sinple inter- car ridge spacer, or may include a thrust absorbing structure
agai nst which ends of the adjacent cartridges abut, allow ng the series of

cartridges in a bpap &ﬁn.&ﬁmwmﬁh%mp&%&%&%#wﬁﬁﬂ%gm%% bt i NG

tel escoping forces on the cartridge e entry node for a vessel
of it cart r|’Efﬁee%“’%t?fQP"B@“F‘B’E%%@&F‘"&‘E”‘E’FPPﬂthlin‘iOPTEifﬁq’iﬂ’GﬁeefkﬂTPf@rﬁ”Oﬂﬂr act i onal

posi tion al ongpssingeutsidsiahriridgab iR ARl & thif \MJFH Sding Of
cartridges.

intended to mean forther 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 invention, there is provided an 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 inclide a narrow circumferential band, that fits over the chevron or
other seal in order to permit sliding insertion of'the cariridge into the vessel, in either
direction, without seat damage. The tool is preferably configured such that the insertion tool
itself may be completely removed from the vesse] after instaflation. It may be formed ofa
soluble material, such as a sheet of low cross linked monomeric polymer, or otherwise soluble
harmless material, so that it automatically dissoives 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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Afilter cartridge for use in a systemaccording to the present invention
may be a conventional cartridge. It may have a central pipe formng a

mani fol d communicating with the interior of the RO menbrane for {dgdyl %@tr ng
the perneate fromthe cartridge. Typically, each 13 4 MAY 2006 WO 03/ 039708
PCTNSO2/ 35352 central pipe or flow tube, or other manifold structure,
sealngly interfits with or connects to a corresponding tube or structure
of an adjacent cartridge, and forns a seal thereagainst in a manner known
inthe art (e.g., with a short stub-connector). The cartridge may al so
include a Q‘ros&gm;{grmge end cap having a peripheral seal,-fixfissssPnNe that seats
agai nst the inner wall of the vessel along its outer edge. The seal my

i nclude an Oring seal or qu)]ackr ng, or may be a | ooser or

directional | y-fl g[%ra‘ifpféan anofigiapegtof de Bvaipp.one gaare cherlyaltte | atter case,

when used w tx@stncﬁmﬁbx%sﬁ%@l‘oﬁs}’wﬁ!cﬁ%’iﬂemédo}lﬂélvaﬂé %%&;ode@%ﬁﬁﬁdﬂaﬂ, the vessels
are preferabl Ioa{uc"jI V\?%ets of frlhﬁ artrid Eavrngtherr
chevron seal "’f?ﬁr tge °6rﬂﬁ5e§ PR Ty LR TP B QT s PeRipgLPeTmRRS tB]r"e dhthes. This
perm ts both dndigeredtheseoeiatean divideubelpadkae Seahitrhg omraqiondoh hei r peri phery to
prevent feed a be rermved
prevent feed pef, LEAM AiARS e ourel et Bt n A e SRR Rledlifh e 2GR @regre%@m ofls

exanpl e, eacher §'PSF“P‘W@156W @@PWF My@%mwwf%ﬁm?%mwachmeﬁgﬁ ar!ldr s

necessaryt o r@gloafel thd Mer§ Rk bidod QR Gy wRtld MR idh Ye plmddecSihisRBRRAL Iy end of the
vessel. In a referred e di nent  of this aspect of the invention, when the

cartridges edtfr pfahapreg FPW“E’E%@WF‘F@&QBPH%?“%B‘?Sﬁtt%lHB‘{YP”t hei r

peri phery to qombiednteain bfthd deded @blfteam from passing outside the cartridge to
downstream filter elements ("downstreanf in this usage being intended to
mean further renoved fromthe side entry port, that is toward one or the
other end of the%r'@%f@%l’rﬂéoWé@s%ioyelS}’éeme‘&ftemﬂ@emﬁpdwfmémﬁpd cartridge

i nstal | ati on. ofkéhf iﬁ@iﬂ%ﬁ@e:ﬂ&uﬁ&tﬁe@t@ﬁo@ﬁﬂﬁrﬁﬁpl&ﬁht}&%ltérﬁh\‘tﬁ@%dx&ﬂa there is
provi ded an insta npress the

[ t 0ol at _operates to cover or
chevron seal Hﬁ?‘i’eﬁ"ﬁssf ﬁ‘?&h’t‘t r‘i‘“‘f"‘aﬁ [“E °\§‘§'§g§8‘ibra“"i*ﬁ%°ff"’6‘69r°°?’?ﬁ°§°dr ncl ude a
sl eeve or trnamcgeswﬁrhﬁpepermtenm;tsﬂmheudﬁes&cmebmﬁsﬂeendﬁmfvegeent| al band,
that fits over the chevron or other seal in order to permt sliding
i nsertion of the cartrrd e |nto the vessel, in either direction, wthout
seal damage. BHEFDEYRIPE DRAWINGINT | gured such that the insertion tool
itself may be corrpl etely rem)ved fromthe vessel after installation. It may
be fornmed of a

These and other features of the invention will be better understood from the following
description and claims, taken together with figures illustrating exemplary embodiments and
usefill details of construction, wherein:

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

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

Figures 3 and 3A fllustrate a multi-cariridge 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;
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soluble material, such as a sheet of |ow cross |inked nononeric polymner, or
ot herwi se soluble harmess material, so that it automatically dissolves in
the feed stream and disappears after installation; or, it may &Mt an
envel ope or conpression band having a construction, such as a tear line
and pull string, that breaks the | oop, becomng a thin strip of sheet
material that is readily disengaged fromthe seal and can be pulled out of
the vessel after the cartridge has been inserted into the pressure vessel.
14 4 MAY 2006 WO 03/039708 PCT/ US02/ 35352 In accordance with anot her aspect
of t he i nventgaRmoRge or nore check valves, restrictiQims@hs@pPstructions,
whi ch may be fixed or novable, are positioned within a flow passage ofthe

filter cartridges, (such jn, as.at the end ofthe central neat e tube of

a cartridge), aﬁE&Fﬁ§§§m§H§#%W§m§%m8EVF&@mFﬁgﬁ%%?’oéug%Pﬁﬁég%ntering one

regi on from tibe filomien appadtes it dcondagua tvigh thegveativot her regi on al ong the vessel.

Alternatively, s I : Foary] : Hsefiay nodul ate the
&Fréc\ézs a Shiplified cﬁ%aiﬁl'ndgﬁlgfﬁé%sga MR fephpdiibPeikhe

pressure or press rop  occ ~cartridge and  thus control the
filter yiel dembrdimsat haping pérmsatadividediymeens of tee #istelieeons d8idehus obt ai ned.
In the |attefpngased; the pressure/flux characteristics at each cartridge or
regi on may be set_ to produce a. conbi.ned streamof the desired quality. The
i nvention al so iﬁ@?ﬁ&é&aﬁﬂ@@FEE%%HQE%ﬁﬂﬁﬁﬁﬂﬁéEF@%E%“&W@“ﬁﬁ?ﬁ%ds of use. A
met hod of ceabddiguntivii a movablt, imedhardbiiygjefoimaldd phebdrsanielnegatsd @ppingéing) oadi ng a
plurality of filter cartridges into a pressure vessel such that the
cartridges formtwo strings or branches of series-connected cartridges
with their per nedismregdtis esiplifid disgeedspigting the sipleanombrane Ssppraon elemsghds  of t he
vessel . BRI ERnRiaReRlPTibdd Ohvitiis b Bokhes fudinglccabhed diagnyr es of the
invention will be better understood fromthe follow ng description and
cl ai s, takeﬁwﬁbgether with figures illustrating exenplary enbodi nents and
useful details ofFigensa fsusinplifin diaglamdepicting aFsinglermenbiang departionrelttngd a t ypi cal
prior art crao A g1 [ P : fa o oFl gures 2A
and 2B schenﬁ%?%%%%&hﬁﬁF%%?%gﬁgmﬁgéﬁgbfn %%%#%%?%%@%?§%§Qg§§"gost of t he
devi ce of Fi chaloen)iskosm ip deflfed (Momplugsmelstatesafl size; Figures 3 and 3Aillustrate
a nmul ti-cartri dgepRfa9s ¥hemyBet®izraR it BndIh A REIP herhtfiiSdepdkAA6h element

of Figure 10A. in which the movably positionable inflatable restrictor is shown in an inflated

(plugging) state.

DETATLED DESCRIPTION OF TLLUSTRATED EMBODIMENTS

Figare 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
filiration membrane modules or cartridges 12, 14, 16, and 18. For clarity of ilinsiration, only a
few cariridges 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 13, 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 ofthe vessel that serves as a collection manifold. The conduit
22 is typically comprised of conduit segments that are each associafed with one cartridge and
are snitably coupled to the interior of a membrane carried by that cartridge. These segments
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and spacer for use in the vessel; Figure 4 illustrates another enbodi nent
ofthe invention; Figure 5 illustrates another enbodi nent of the invention;
Fi gures 5A-5D are cutaway schematic views of enbodi nents enpl oying a
conventional vessel adapted for use in accordance with this inveMal &l by
means of a perneate streamplug, valve or flowrestrictor; Figures 6A 6C
illustrate yet other enbodi nents of the invention having enhanced wutility
in staged and other treatnment systens in accordance with the invention; 15
4 MAY 2006 WO 03/ 039708 PCT/ US02/ 35352 Figure 7 is a sinplified flow

di agram of dkpAtEENt Systemincorporating a branche[q:mg&zggga{l | tration
apparatus in accordance wth the i nvent I on; F| gure 8 1s sinplified

di agram depi ¢ a, SI ngl e menbr ane ara rrbodl ment havi ng

permeat e di vP’c#é‘Ef sterg’imtﬂ%’g]g °%11p % r‘licareeﬁléﬁ Pc tubes inside a main

mani fol d; Fi gwoenu%oleschathm ecg;lwafshoetdtublwagptmuelpvmﬁ(? -rings e oferseplse nenbr ane

separation e#&g& e he yﬁﬁgﬁm%m%@ﬂajem def ormabl e pl ug
(non ugglng

in an el ongate state Figure 9 Bis a sinplLified diagram
depi cti ng thmm@omemmﬁeo@@maﬁsa%qnéﬁrbéﬁhéwh?ﬂd%ﬁbﬁﬂwféﬁf“@f Figure 9 A

having its n%ﬁé?@diw‘gél |cxpdﬂ@l&@tmv&}ﬂimm&h@emmm@wwhﬂgm ng) state;

Figure IOAis a sinp | ed ctln separati on
el enent enb&f?%?gwe'?lﬁ%m%gg%ﬁg]g%%ﬁ“ %%S?ry gcr’ re%c@unﬁ?ﬁgal |y
i nfl at abl e r esface ﬁf&he@ﬂmdﬁjqfﬁemelﬁ!mngﬂl}d vaich insyl also beip)resisticioseppingiordef | at ed
(non- Pl ugal N@le b dh Giaoiligh LA EadooR deveet ellPAd cibihrothedoaRiepi ot ng the

single menbr ane separati o | gure I n whi t he novably
posi ti onabl e eawhfvﬂﬂadgaw dd.r. e@sFﬁlme@ﬂ%HM‘@ﬁﬁl 19?1’9?‘:1‘1’!‘9@?@'0&3 (p! uggi ng)

state. DETAI H%Q:e@ﬁ%?aﬁ'ﬁ@lth%mﬁhﬂ@ﬁiﬁﬁﬁdﬁﬁﬁ@%&ﬁﬁy@m@nl i lustrates

t he context of the invention, oW exanpl e a typical
sequence across the membrane & of eagl successive carl?rldg P yp

One common RO cartridge construction employs sheet membranes wrapped about a
foam spacer to form an envelope that is spiral-wound into a cylinder-shaped cartridge such
that the permeable foam of the envelope interior connects to a central permeate collection pipe
(22, Figure 1). Other cartridges may employ different geometry or structural layout. For
example when the membranes are hollow permeable fibers, the fibers may be potted to
manifolds at the ends of the cartridge such that the interiors ofthe fibers connect to the
manifolds, which thus collect the permeate and, in turn, communicate with a permeate pipe 22
to deliver collected permeate to the outputs 20a, 20b of the pressure vessel. Other
arrangements and geometries may also be used to connect a feed conduit and a permeate tube
in communication with opposite sides of the membrane. Generally, for an RO system, the feed
pressute 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 systerns 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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conventional pressure vessel 10 of the prior art that holds a plurality of
reverse osnosis or filtration nmenbrane nodules or cartridges 12, 14, 16,

and 18. For clarity of illustration, only a few cartridges are shown,
al t hough as noted above, a vessel of this type may in practi ce48@ zed to
hold six to eight or nore RO nmenbrane nodul es. The illustrated E;

has an inlet 15 for feed fluid at its proximal end, outlets 20a, 20b for
perneate that has passed through the filtration nodules 12, 14, 16, and
18, and a reject or retentate outlet 30 at the distal end for the

remai ni ng (wifdshdo@ked) liquid residue fromthe feed sidrRamssskhe feed is
applied at one end to the interior space of the vessel, and the perneate is

collected via conduit 22 |ocated ondfie ce '\ﬁh%tv& vessel that
serves as a B%TPF‘E@?#’Btﬁm arlmdons & “condui f%{ag%ﬁ DI cglr})lgs; conpri sed of
condui t segnmte&istuhmthlapeeneaamuasﬁémtmneﬂpwR‘Pn“f@n&méaagstthelfﬁ“ﬁe and are

sui tably Cou%e%g b £ BE: thbleBY bedEd 9 scBonl B TRBIReIE it @eddter t hat cartri dge.
These segnents g Y 2006 WO 03/ 039708 PCT/ US02/ 3535% or filter

cartridges madditioasl vritercalbeit sfipvivenalitg fom SneePenElsh o e SEPEEonf i gured to
i nterconnect ydegefach other, e.g., via short stub connectors 22a, having

Orings or other seals thereon, in a manner known in the art. The perneate
pi pes of the proxinmal and distal end cartridges connect to perneate outl et
ports in one or bWdilnoy gesfehly dndracd s perpgatettibes obepch fridgaigpicaliaYes er cartri dge,

acap of Dl ale{NGhe AV we&&ygeg%m&cm&egslﬁ&mwmu gi dity which
aids in assurin ener open fl ui ath for t at% pressure feed
streamto redodlet éaf@%“é%%ﬁmg 1{?@%@@6&@%@%&%@@ P RE renbrane, and
which may al s@uRgd Befidsy, mma@mmgm%baaefmmemmmm he high
pressure flows in ssel 5LEn tside of each
cartridge 12,8 "’rbyg%f’f?ég?eeéﬁef '5 aﬁeﬁhevxfaar‘%}qn%cg% gésJeI 10 to assure
that the fee&m@bmbdmmaamﬁmmmﬁdlﬁwwpem?ﬁiﬂhﬁ"ﬂbﬁ#’é’fdl stal end
wEhin the Vesafhe vl ﬁ&ﬂ%@&p'ﬂﬂyseﬁm%gaﬁﬁat@ﬁﬂe%&oﬁﬂﬂw%”br ane surface

of each successive cart One common cartridge 0%8 truction enploys
sheet menbr arpsmueqiy @Wé@%@ﬂ@fﬁwﬁsﬁaw&@%@we@s*ﬂ%ﬂe‘&ﬁ Hope that is

spi ral - wound ﬂ:ﬁ{@aébnﬁﬁlﬁatMﬂéor%ﬂﬁ@ﬁsﬂld&akdmdg&rﬁuﬂbxppérhmcﬁhégepxer meabl e foam
of the envel ope |nter|33r8 CI%? 0 a central perneate collection pipe

(22, Figure 11? itigetqup orbgih p y errpl oy different geonetry or

structural |ayout. For

Figure 2A. fllustrates in a schemotic way and in approximate units, the u*ansmembrane
flux through each cartridge as a fimction of cariridge position along the length of a vessel such
as the vessel of Figure 1. The figures were caloulated 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 fix 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 carfridge resulting in poorer quality permeate from the
downstreamn 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 fimction of vessel
fength for vessels holding between one and five cartridges, based on the fluxes of Figure 2A.
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~exanpl e when the nenbranes are holl ow perneable fibers, the fibers may be
potted to manifolds at the ends of the cartridge such that the interiors
ofthe fibers connect to the manifolds, which thus collect the perneate
and, in turn, communicate with a perneate pipe 22 to deliver cof MAtdWh
perneate to the outputs 20a, 20b of the pressure vessel. O her

arrangenents and geonetries nmay al so be used to connect a feed conduit and
a perneate tube in comunication with opposite sides of the nmenbrane.
Generally, for an RO system the feed pressure P, at the inlet is well
over five atygspheees, and for a nulti-stage seawat erpdffdsiBEQL€ss nmay be as
much as fifty to eighty atnospheres or nore, for driving the perneation

process and AGDheVi Dtk AR, B TS EHB, drf Bl BBl 0 @ | ar ge

nunber ofpressure Ves connecte bank. In each
pressure vessihonghtitmustbe noredbeb thoprrpoate ﬁmﬂ@séqwlérem cafthiqgen tHOWHr essure  vessel

is [ower tha u&ﬁ@ﬁaﬁﬁﬁgﬂéﬁ%'ﬁﬁsﬂa{mﬂﬂé’aﬁr@xﬁ&wﬁ&loﬁ&of@éd&@&ﬂfﬁ&dioﬂg to various

i nt er nal sources of % he required transnmenprane driving pressures.
This pressur &gy mrﬁ’ﬁ‘?beb ?éﬁﬂﬂgﬁ)’é’ﬁp 2 BFRPBIVE BFH R abl e back
pressure val Veetmﬁfesdfstlmrperaﬁdcaplq&tﬁmtsucha@dpmebmds&perllngarfoetemiback control in

response to readjn S from e or b QudiPiol? 4 MAY 2006
VO 03/ 039708 P! & e”‘é"ﬁ% %§°P%%Ref§mm’fée?%‘¥e§e§%ar8?% ‘ons of the RO

transfer chari&mmmgthewﬂﬂemaﬁmmWhlﬁﬁlﬂ@%m@ﬁwﬂ@sﬁ?sfé’emds%l S perneate
output is fe%éeeo&tﬁlﬁm&?eﬁhgmﬁémﬁ@tbsmﬁdhealv%bsmdb@rmapga&atﬂfoedt@get stream from

the first bank X to a second or further tg ht to recover
addi ti onal wefats; ! ea"F“Efé‘F‘%m&qssﬂ%maﬂﬁ‘ﬁ‘?afW g?"?"@l‘ﬁgf’ﬂ’ém 8??&%1“? fed reject
stream and t#uSesRhdsnpere sighiiQitBmore eMibhdive thirGite i@ ndrhicddobtyfthd | ustr at ed, the

DT ar ot haial RSl T, S Bk 12K Siocl odeVEFARNECL W4 1D

coupl ers t hat YHave. 5" 88y ruc suc rings that
enabl e the ca?rwdedg!etetmnmﬂﬂwgltWlﬂtﬁwlébmmmtm‘leﬁemﬁbatﬁwﬁfww&“or per neat e

tube of an adgacERlge At LA, asﬁﬁwadﬁ@quxahty%fohs ctﬂf'&dﬁ@ﬁbﬁv@@@tn rtridges are

| oaded into the vessel “and remain held toget b Qsi n]g e vessel with
an end cap | d %@'érirﬁg%ﬂwﬁ@erfTwﬂSB?ﬂféwaS%W9 AFFQEPe shins nay
be inserted dsaftfidagledghieorctts RO veagie. hﬁ(ﬁiﬁtﬁlb,lﬂﬁbosmfcqﬂﬂndgemﬂtﬁe@omddredidae chai n of

well as their replacement requirements. The scaling propensity of the cartridges will vary with
their position in the chain because the upstream cartridges experience a greater through-
permeation while downstream ones experience substantiafly higher salinity as well as less
vigorous cross-flow. These factors affect the type and rate of membrane aging. Overall,
without considering these factors, the vessel costs per unit of flux would appear to generally
decrease from about $50/umit to $27/unit with increasing vesse! length. However, adding in
the cartridge costs (at $300 per cartridge, for purposes of illustrafion), the total cost per unit
flux would dip slightly from a high of $80 for a one-cariridge vessel, and then quickly rise
again after the vessel aitains 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 appea:. largely in the
reduction of plumbing connections and number or capacity of pressure pusps or energy
converiers. Thus, the multi-cartridge vessels present a not particularly well defined frade 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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cartridges to the vessel, and the end cap may seal to the perneate tube and
constitute the perneate output connection for the vessel. Typically an
anti-tel escoping device having the formof a somewhat flexible or springy
spider-like brace secures and supports the cartridge in positio gr e or
both ends of the vessel. Figure 2A illustrates in a schematic MAQM n@ﬁfn
approximate units, the transnmenbrane flux through each cartridge as a
finmction of cartridge position along the length of a vessel such as the
vessel of Figure 1. The figures were calculated for brackish feed to a

five-cartri ¢grfonspressure vessel and a driving presgyfifeatsH9
at nospheres, with a back pressure of one atnosphere. The Figure shows a

pr 001 €551 Ve el ool ALY oI oG5 Blekmblbl, R9BSE e oS ti on f or

each successi I dge e Tive car ge pressure vessel. As noted
in the di scuswssitisnedabumintermedigtegosiiangengiths fengtisotitevesiek SGURIHCH Yt he progressi ve
[ ngreasg in @ﬁ%@ﬁeinpfemﬁﬁbﬁﬁcm%msﬁo@mgeﬁlrcﬁﬁtg@;ﬁmcﬁgmrpmme; ation Ifavel

and to decrease ross-fl ow. rrespongdi L he passage .of mnerals

t hr ough t he B o Hﬂ"ﬁg'y}%%‘ﬁ‘%"dﬂ’lgé%&“&& St Rﬁ’f“%*’ﬁ"fﬁ?aé’%?ﬁ“‘fso| d by the | ast
cartridge r eshiktotageovety i high, end ilg tred petmeatpencanpatiebefeprgined dratilizefownst r eam
cartridges. .0V I i L.cal | ots the average
flux per car t%?%%g” ﬂ?%%lggaqﬁé%eg#a?‘gé&g{fncay%%@g gétg ) ?ﬁsrgss_el di vi ded by

t he nunber ofenbedimepts.dligenssed belpwan reagritie Fighes §16( adisyq a branebpb oy vtilging ies sel s

hol di ng bet Weg fhoRRGmaRGolirdi@icR StsindEaSor vilRs 6th @fertad@e-dnirpor@s of Fi gure 2A
is 4 MAY 2006 WD 031039708 PCT/ US02/ 35352 The five-cartridge vesse

provi des aboUP™EHPREPESREEStlhe total flux of a one-cartridge vessel,

al though it nust be noted that the perneate fromthe downstream cartri dges
is of lower qualjy %Qg I igH? ' appr oxi mat e
capital cost of a ){/%agge ie’ %Hfsginct gﬁ‘%ﬁg?kﬁﬂeér%@r#ﬁ%@%g%%@?%f filter
cartridges), Bwphyidgayeselmedncing prments threngly weodmpchesofisg satidees @ ot %bst | mat es of
$200 per end @@RnikrWobightMarrRigSiassE REingRRS briRIRS &ltdur @RAeSAhPR nay | Nnear f oot ,
and assum ng .t he nenbrane cartrlg%%g are {mo feet.log%. Tgese nunbers were
sel ect ed si npHmatigely beppsiope£2a oo sy plopg fsm s triden VeRh SR .t i on, whi ch
has a | ow mar o BEdamOd pérmiaercommable iodlge: of basedtridge it addiaieadartddgar ge for a
strai ght cylipdrical Vv | Lube. ' QM. charts, the

i ncrement al v‘éegsglé)?‘%lé‘bﬁs’t{%ﬁ% gornstétc | t‘?@ﬁ%t}e%%’g%g@‘ls @u@@iﬁﬁlﬁﬁg@g’paci ty is | ow,

si nce t he placement is preferably a few cartridges along the length of a many-cartridge vessel, to

produce a first end permeate of relatively good quality, and a second end permeate which may

be further treated if necessary, in order to increase the overall recovery.

Figure 3 illustrates, partially in cut-away view, one embodiment of a side elntry
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 structuye such that the vessel entry is a node between first and second
oppositely-directed flows of feed along two chains or branches of filier carfridges, 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 10 permeate outlets 20, 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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two vessel end caps are significantly nore expensive than the per foot

nom nal cost of the cylindrical vessel body. Thus, although the
increnental flux is sublinear, |onger vessels do provide a rougqutﬁu
increased flux at a relatively lower initial vessel cost, at g)rB t he
first five cartridge |lengths. However, as noted above, quallty drops off,
and after a five cartridge length, the flux drops still lower. This
constraint inposes a practical limt of about six to ten «cartridge |engths
on the RO vessels. In addition, the cost of cartridges nust be considered,
as well aswvidwbfrmepl acenent requirements. The scal i jgRERpLNSI ty ofthe
cartridges will vary vm'th their position in the chain because the upstream
cartridges experi er hro er, i ownst r eam ones
experi ence sﬁ% ﬁ?‘ﬁ%la %ﬁt ey aafmmg?daw%efen?? a%e eé'}stés%m\% gor ous

cross-fl ow 'Ebmma{yamhmwdhyfpiasugendlbi@ﬂ%bpbthm@ﬂmaa@@ﬁd}eﬂmﬁh@r ane agi ng.

Over al l :jp%ge{te tﬁlgpéfcg'ﬁﬁéegglzt I}i@sfgteifngtﬁgﬁ&sin adﬁx@cﬁl, a\'{r@ﬁﬁ@} /p@lﬂ)_%ﬁorper unit of

fl ux pear to generall g/ decrease from about unit to $27/unit
with i ncr ea5|%te%@%lm°@¥?@‘1ﬂh e CPRSigNRAde §3P%W?"F@“ildﬁesa?“rf’8pp&ré'ih? ri dge costs (at
$300 per car thkserigher. &bﬂedmaiﬁ&rﬁ.ﬁmtiulakm&hdhahipﬁﬁ)om,ﬁmasattal cost per unit

flux would di htI 0. i dge vessel, and
then quickly Fﬁa td SHEFgY ‘?&e§$ast¢?f§e’§?%’§'§}a‘f§°§sf‘%bﬁssm§mfew (S“’ért%} dge | engt hs.
Thus t he uni tFigesA. Mmdybﬂmnplq:cmmelded\p@m s pqsitioned at theanieal pord t r at i on

el ements 1 N S8R e bibothelR oSl oilid oy Bt idolihrilbd o mpdii@Nt ageous, and

pernmeate quality 1's sacr anti aV| ngs appear largely in the

reducti on of SErcERyurRg febeerienof theresel (i examplp &y ngrid g epeiiher B¥eSor essur e punps

or energy  CORRd thrSoturd 1 W Sylinded éﬁﬁﬁgtthecﬁﬂ}ﬁdsit’elnﬁ@ﬁal)yeﬁﬁqia&r poasgit a not
particularly well defined trade off t al gost, on the

one hand, and™HeTEESYRTAISPFGe Stﬂ’&tﬁrﬁ’csf‘cﬂ’)?sapﬁﬁergﬁ%nﬁ?ré‘ﬁdeﬁ%%e%ﬁ&p LRenent expense
on the ot her shgplydtotatBallpdlisned withtbe ipletesiEnserted imtoghetvesseh ataditlr iwgeshashis |imtati on

by pr ovi di NG G R0sNES 35 uodtickbrokhed MY,:2AAB 0 B RTAR REHAISO2! 35352

branched perneate or enhanced operation. 'In one enbodi hent, a feed
port is posiWhestheepaeer/disider syeiere isenliepred 1y prd serapteinisersddo Bengt h of t he

vessel For t hesiral pobih@ i Wnlshéd ves@ITOAN peiRaM be rbfred td dn@Wy bintiiaiia@s i nto two short
pat hs, effici ently producing two permeate streans that both have higher
flux and hi ghﬁ?‘fe gual ity "front end" perneate characteristics.

The adapter or divider structure 110 performs several functions, operating as a flow
divider, to channel or allow feed fluid that enters at the inlet of the pressure vessel to flow
outwardly as two streams directed to the respective opposite ends of the vessel, by acting as a
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
accomphished 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 cariridges. 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 inclide 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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The total recovery is high, and the two perneate streans may be conbi ned or
utilized separately, allow ng a nunber of advantageous new system
configurations. Oher enbodinents, discussed below in regard to FEi i 88
5-6C achi eve a branched flow utilizing one or nore perneate flow
restrictions, obstructions or valves, with either a side-entry or a
conventional pressure vessel By way of exanple, for a side-entry

enbodi ment, the entry may be at the center of a four-cartridge vessel,
produci ng perneate through two branches of two cartridges each, or at the
center of agycam@hiscartri dge vessel feeding two branchess@fsskour cartridges
each. It may alternatively be positioned, e.g., one-third of the way al ong

2, 51 x cart ! das WGBSR coRb ek PyAkE 6ATR iRLuRGrABELRAGETDAr abI © to

t hose of a two* esse our-cartridg vessel of
convent i onal indhesessehcRermsate thes ok througheachybrapch etyerdy R ERFENE scussi on

herein, pl agaRRRiGe R ek shAbpoR afe@ et bk dedg@es al ong the length of a
many-cartri dge vessel, to "produce a first end perneate of relatively good
quality, and a second end perneate which may be further treated if
necessary, in or @ehe dubodidrat of Bigee 3, lie fovertalgt vaselomvid haye roRghlydwiee t8 i | | ust r at es,
partially in_,cut.-away, M ew. e i i nched fl ow
vessel 100 af ozf?%?scxﬂd%evve'ﬂ’rs?lﬁ?%mae? ﬁaﬁggﬁﬂé%gg%%eg{?‘u t_ig&ljrﬁ%cgsetﬁ{@i nventi on.
The pressur eonyesteelfout Geifes vesss! witkaisimplp Fie pov addedo fsullingria 2 atbttantelinor t 105 f or

feed water eweyma?&%miaﬁsrh@mofﬂm%%weﬁéfﬂﬂa cikridp WollEhaSetiphdr@put t he vessel
entry is a node between first and secgrt]og‘é#ﬁ(#oosi tF'S%rﬂ%i rect e%htflows of feed
al ong two cha&ftergyalify permeafrdlan i cquyqniiqupl furyeaptiiqer ¥osse:. 19 Conpri sing a
first set of ofmu-tatiidhe htedsh@y RO defsels artudd eadhapravidd B@e the flpy efsitrg- Busecond set of
cartridges 116, 118.. respect| /N LD Enitok @hsmd 25, 135 are

| ocated at tﬁéﬁvei%%g%efsgérg%?%%bb?mﬁégqv s@g{m%d&, And as In Fi gure 1, the
cartridge perpeefdeublingteequalerof vessshpidst ed to perneate 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 carfrid .S assured
by the peri pher alPigg4sows sgthen PQ’E‘!‘F"’W&@P ‘Tﬁg‘ef"ﬁ@“‘if’o‘i‘{?‘é”ﬁ‘f‘q lid%t%%é#s 26 of
Figure 1, as acgiragsaintnd wsehaicnahomniy bs emflyaigemstely hetogethprdecent ends of the
vessel's 112, 116 856, SRALSL.@RNhowd hofbudifod R QDR /HIASHEAR BT/ US02/ 35352

has a vessel 210, which, for clarity of description, shall be considered as an eight-cartridge
vessel, although as noted above other embodiments may have fewer or more cartridges. Inthe

L)

Figure, each cariridge is labeled 201, without regard to position or flow sequence. A first port
215 enters the side of the vessel 210 at a central or intermediate position, and two additional
ports 225a, 225b are located at respective ends of the vessel. As in the embodiment of Figure
3, a permeate pipe 22 connects the cartridges to permeate outlets 20s, 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
spacet/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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fromeach other a sufficient distance to accommpdate the feed flow at their
inlets. Such spacing nay be obtained by placing end plugs 22b at the

proxi mal (central) ends of the perneate tubes of cartridges 1%%@1 é&@
Alternatively or in addition, a relatively open brace or anti“t | opi ng
structure may be configured to separate the cartridges and support the
cartridge periphery. A special divider structure 110 shown in phantom nmay
be used to separate the central cartridge ends. One enbodi nent of a
suitable structure 110 is shown in Figure 3A. This may be a sinple casting
or nol ded pivac@mishdt i s positioned at the central porjcruk®zssstn sone

enbodi nents, such a structure may be physi cally incorporated into the
vessel structure d ng fabricati I e,

i nt er wi ndi ng "&pERY #th Sgw Saaf/ae%fya(sﬁl aﬁ%‘élﬂ‘*ﬁ % gne\ét@ %Oat%&?vﬂ%tﬁéc% i nder and
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be a separ at g&rnhaettsu&gmfoug]h 13hgor DS DR, Bl BB/ NGBS assenbl y,
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vessel , by a%h@ﬂlo&ﬂyﬁsertéﬂtt@@n&& b&@&ﬁ@d&mﬁg@; orbétivice i carfidie kedl $he pérmtatecont act i ts
t wo ends 110a, ,110b, defining a precise insertion depth for each of the
two branches e(5“f1 Wf’@é"r *%0dul es. Both of these results may be acconplished
by a sinple skeletal divider structure, such as a pair of axially-spaced

hoops or a singl Esfﬁﬂefégov%éﬁg%%sﬁéf@is)(sﬁa@ék B9 2 St fredniaR Bhitbrperph@y

cross-section ( e assages or. __ cut- avva% ]ton%rtlons fo pernit high
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space between of the t  anches dectively
branched in b3t %ﬁ“ﬁé"é’?’i’lw te’isrﬂgstﬂ‘”“ééoassmthahitﬂﬁlg cg’gﬁ%\?e fart her
structures, sdnpéud@kﬁaedommﬂlewwid@hﬂmgapﬂrlﬁmalgamthﬂtsatheﬂéﬁtéfﬁmﬁde t ubes of
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en he

cl osed the cen vvo adj acent perneate tubes, qr it may :
i ncl ude an op@amoppgaa@éﬁtr@gwqme@w@%@wepar gl sqals 240- e gy c onveent i onal

cartridge St UbnGPORBELAS orp2Rife, bit bf#Bly & a b&erdafitre bkt fax @algh.
construction, i.e., a chevron seal, shown by seals 240 in figure 4. Chevron seals allow a

B

cartridge to stide in one direction for insertion without risk of dislocating or deforming the
soal, 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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Preferably, however, the inner end of the perneate tube of each of the two
central cartridges is 21 4 MAY 2006 WO 03/039708 PCT/ US02/ 35352 sinply

pl ugged or capped, independently of the divider, prior to insertion of
these cartridges into the vessel. Perneate then flows through eadhii Hianch
outwardly, toward a respective termnal cartridge and the perneate port at
each end of the vessel. In the enbodi nent of Figure 3, the four-cartridge
vessel woul d have roughly twice the flux of a two cartridge vessel (Figure
2B) and vessel cost would be roughly the sanme cost as a conventional four

cartridge vegsghsWwsth a sinple side port added, resul%hﬁgm%gﬁg
substantially Iomer cost per gallon. The two paralle anches of two

trid h t tt te than th
convent fonal BTGRP GE e S E S oar ey S goble BRPT=C © than the

ten- cartrldge center entry RO vessels would each provide tw ce the flow of

a three-, four- éégfg ofifikubd Ao WP SiRBhecs LETARCAIURLYAL NI Gher qual ity
capi

and for fir |ess cost cost of nunmber of
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that may be e se e r.to er t branche

per meat es |n‘g% %% F%Wé%ﬁ%ﬁﬁ%ﬁgm %ﬂV@%ﬂﬁ ﬁ ‘Eﬁ%oﬁlﬁent 200 has
a vessel” 210Inmhwmmmdﬁwmmsmamwtymakﬁdﬂhﬂmm@mmmmmmﬂhatﬁg@e&@en5|dered as an
eight-cartri qi%grted}ﬁ% %Je%e]ﬁi%&u&ocﬁggldgfﬂnmgs&%o ﬂlgt%%h%g%sm&m nments may have

fewer or nore cartri g Igure, each cartridge is |abeled 201,

Wi t hout  r egarethewriskes famagsn Indhe epbagiipestofFisich howaver.ithe syrtridgss efonednanchont er s t he
si de of the Vrﬁ‘tﬁﬁfe‘ l'mstaih@ fheiC@EH m&no@sfnﬁoméneﬁtrrwahﬂaénebﬁeﬁbﬂcwﬂges and two

addi ti onal por 5b ar Ioc ed a ti.ve.ends of the vesse
As in the enﬂﬁﬁ ’ﬁ%g 7“%% W&@gfﬁm % B ¢ he
cartridges tompBMnnamﬁmmmwmlﬂmsmamammzﬁwda@ﬂmhﬂo@ﬂusméﬁmmﬂnﬁmmmwdsel 210.
Vessel 210 is véAdxoﬂ%ﬁtﬁ@rE an@&eag wgll.@ﬁeson Bofos i ﬁ 11 is, YBSSE!

construction havi un| ormwalled cylindrical body
that is rei nfestuidges obgicly @Pﬁhﬁwﬁwﬂﬁﬁ@@?@%ﬂw%ﬁﬁﬂﬂﬁﬁ%ﬂBﬁWSWﬁﬁmP@@?ons denot ed

R in the Fi gWaRddz@lof ihéamEorimnBthugits inddaed fond tREHEE: ehdag@insPBididorientifiéh, Pl ate  or
ot her structural or nmore highly stressed fitting. Anti-telescoping units

205, which may be of conventional type, are fitted at each respective end
of the string of Tiritaveothglisbed 3@Hout vk dzbabdampge in accordance with one aspect of the

invention by providing an instaliation tool that operates to cover or compress the chevron seal
during insertion into the pressure vessel. When a pressure vessel is new, adequate resuits may
be obtained by a simple seal compression tool similar to a piston ring compressor as used for
engine assembly in the antomotive industry, such tool comprising a circumferential band of
strong sheet material that 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 1o 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 each 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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sl ack and absorb shock. Adapters of the invention may be configured
simlarly, i.e., may specifically be designed for use in the invention to
function as a bi-directional anti-tel escoping spacer/support bet @
central ends of the two strings of cartridges. This device, 206 {ﬁﬁgﬁ Bt ed
in phanton) fits between two central cartridges nearest the port 215 and
provides a sufficient space between the ends of the cartridges to
acconmodate the feed flow wi thout 22 4 MAY 2006 WO 03/039708 PCT/ US02/ 35352
restriction. It thus serves as a feed flow divider. The perneate pipes

of t hese twowgasbftedges nmaybe plugged by respective plgasnREscaps 208 at
this position, or as indicated in phantom nay connect straight through.

| f pl ugs or caps, are use 0 e suff assure proper
flow s paCI ng vglp%szeﬁv dh tﬁ&et?:'\g“loveé gﬁfdtcovela b @ gieyror or O{hgijsglggoat%aft %??tonal spacer .
Al t er nat i vel yply triges thedip ofelatsal pdighpin@a2d m#sowevea theowiird seal Gamcoppgh @it x t endi ng

through all Gafddd 88 or Hresibiy, HEREE wall dnfd a&lﬂlﬂﬁateﬁ ﬁ@:@sﬁs t§ﬂt§l apRBe®e 208 may

have a shape that permts it to fit around m%gp 8ﬁ)ﬂpe In ei t her
case it mnllSﬁﬁmBﬁﬁ@%@?@éﬁmpﬂQW@#%@%&W%@%FE“bP&@ eotigih BERES2! » cont i nuous”

or conprisingahas® segnents each plugged at the center, is cobbled together
from the perneate pipe segnent that forns part of each cartridge, and stub

connectors such as are conventionally inserted to connect between
cartridges or betEewolnay beonfisireiije Beilitate avd ellopepmpkig removel géfhaie frem of  t he

vessel . As f%@&%e%mﬁgzamh@egasﬁr élarm&ggﬁgeﬁmhsrhﬁs,ﬁl@ﬁ&@m@'co&ﬁﬂayzl8 bet ween
the outer perlphery each cartrl %%P ﬁ?ﬁan t he | of the vesse

210. The draﬁFﬁ&mﬂ%“ﬁ$ﬁm§%ﬁ fﬁ?%@ﬁﬁﬁeﬁﬁﬁﬂﬁﬂ?%°qU|te nar r ow
relative to tﬂib&;afﬁ-ﬁ@é%hterﬁiﬁﬁbb&}ﬁé éoﬁér@@&:ndjaﬁﬁﬁbﬂb&qfabﬁlbm@aamhdams aorder of only
several mill Is ee#o? ow d:'sliml%egxsnl#%;nler?éjglntﬁr,og)vﬁﬁiyer ul;le ekih% lry&%}g]cart ridges may

be dependabl’y eavi ng a peripheral gap that
can be effecWWMéMVMQéah@MM¥ﬁUmﬁﬂ@ﬂéﬁﬁmhﬁ@ﬁﬁééﬁﬂ@ﬂW@ﬁﬂW$P§wﬁ@®pass|ng t he

merbr anes in s&&ﬁ,aﬁm,sgegmﬁgﬂmﬂﬁhe;mﬁmMﬁ@mmemsgemdge is

equi pped with one or mnore peripheral seals 240. The sgals ring or

O-ring seal s GEPEsonbaifhat fightens sbout tas ssgly byt haying a sorstpstionsuc ?:‘Blrrpl iant flex
seal constrmmm:mthm@mnammmmmbwmahmm@m n figure 4.

V(aqte\fllz)(lj[] ?Ieglksoaltilow gca retdﬁéc ﬂe&n(%v%drﬁ?%mtﬁie%fs%elsﬁﬁﬁypﬁﬁ%ﬁee&%ﬁ'{h@r insertion
strip following use.

in accordance with another aspect ofthe invention, a filtiration system may
advantageously be implemented in part in conjunction with a flow divider that apportions the
permeate outputs, e.g., by controlling back pressure or by obstructing flow at a position in the
permeate tube or along 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 desctibed below.

This may be effected in one embodiment of a different aspect of the invention by
adapting a conventional pressure vesse! construction, ie., 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
resirictor 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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seal, while assuring a tight pressure barrier, once inserted in the vessel,
against flowin the sane 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 chainis oriented to seal against plsdle of
feed around the outer periphery of the cartridge fromthe center to the

|l eft end, while the right <chain of cartridges is oriented to seal against
peripheral flow directed fromthe center to the right end. Chevron seals
yield to pressure in the direction opposite their sealing orientation,
however, ang 49,085 "scoop” deposits and jam so each. sttibRgs,0f cartridges
may be withdrawn, when it is necessary to replace the cartridges after
several years of service, outwardly at jts. res i he vessel .
For this purspesendnglybyduerepipe P\%‘ﬂ"ia@?‘?"ﬁﬁ a g%%%és}%%egt% aﬁrﬁh% one branch
to pull the ypdelni pechghars ek préshiad, sabirtapaedpies ot ey Wtrictof #%en Wetwiorsd fsdiert ri dges of

t he ot her 23 MAYth%OOGWV\QSS ﬁﬁ&%ﬂﬁm%&?&n@%m%@ﬁm@%ﬂﬁy be simlarly
renoved, or B pﬁ%ﬁea ou el r respective end of the vessel. In a
preferred endvoginmemns can biwaried andventrobiads Thegepirel o e PPsHAPELRITERFBN or ot her

di recti onal ﬁg@ésﬁic@%‘ﬁay L Mkkal &P SchiiRA) WnloRatidh £5p6dRioniighE taperdilug br eam f r om
passi ng out si de

the cartridge to d stream filter .ele a tool may be
provi ded f orfoFapstrictorstyean sy ‘éﬂaF‘Q’E“Plﬁl??gpn ea‘?B‘F“égS}ée PV Eea fupété%ggéeﬁm’en t he
cartridge i Sanii BmGhiEeh(9@EineG motelchenttalspeaies albthe ptrinowt vadeShbeenent . I n
conventional systens,. all cheyr Aglgl-ng I ol on, and
cartridges n‘ﬁ'§}3/“6 “%’Fﬁ%mgﬁﬁ?yﬁ?g&ﬁrﬁé%%g%é gtgrougﬁé%rﬁag&gﬁ of the vessel,
so that the filevpronsssiaigivestamarmersaand copseptFEeNs) ?ﬁogfr&ralf’fed%?ﬁ*ﬁaél?“‘?sn t he
enbodi ment  of. fr.QldkifenfhalnlS\RY Slnduchifi réGBtivity, bl 9B She Rithdd pcelsEANCh  must  be
install ed agai nst” thelir usual_ di r_gi[(]:ti n_.of rmy%ﬁr‘r\znt.fs\/\hai]sl,[eal one branch of
cartridges PRIpSHSER RFPRRTEpreferpbly prog W&m?tﬁﬁm T PRES e vessel in their
nor mal or i engatrdl @ydted Waieh it ApableofrpoWitihecosurtiratidn(s) dfehewizs spsties of diker ot her br anch
woul d then have to.be insert . it pRiegl t he
respective sgeﬁ?ngm\y\%ﬁ&‘bﬁ%’em%lﬁ&g t%% i hhb?ch)e oﬁﬁ%gﬁﬁnggﬁrﬁ?gti on. That is,
either the egipten (lgemmesand vaiyes) eofthat Bovenses PEpAESAedRSURAHYRIERRE  om t he | ef t

end agai nst ﬁérE)ro&gée@&kv%jeﬁbemﬁﬁte&rbﬂjust&ﬁtbbfoﬂlﬁgﬁﬁodﬁ&st;i'dalﬁhaving!ilt branch must
be inserted fromthe right end ag[al nst their o.rlen;eﬁeil on., This is
a

acconpl i shed comppiswion ofchedycal gpeciesox ptheg gortingit vis(shpitbin A g 5°°h one aspect of
t he inve{]'ﬁ]i g@ﬁmr@g@\@sﬁ%ﬂam}&mbmplﬁmm¢mdobmabn@plmsat es to c;)ve\r/\hor
conpr ess e chevron.s rin . L dAfn £ vessel . en
P easure v egen P e B AP ARTEHI o bt

branching node.

©f

Another embodiment of this 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
upsiream permeate can be taken from a number of elements varying by one element.

Hydraulic back pressure of the two permeate streams is controlled (¢.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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be obtained by a sinple seal. conpression tool simlar to a piston ring
conpressor as used for engine assenbly in the autonotive industry, such
tool conprising a circunferential band of strong sheet material that ﬁPy
be tightened around the seal and conpress it radially inward du%i@m
cartridge insertion. The band may be | oosened and w t hdrawn once the seal
region has entered the vessel. Years later, when it becones necessary to
replace filter cartridges, there wll generally be a certain anmount of
deposit accunul ated on the cartridge surfaces as well as on the vessel

wal | Howevelgg o gelatively large noverment and direciiQRa ture of the
chevron seal ;’”V{E’S?? the lip of the seal flexes domwa%%?aélssa |y | nward)

oot Sath St Y LRSS RS AL Ol Lud G3R8SH v end o

d insertion of replacenent
cartridges npercatts éahibeuatitd by bre ROtHesert.aliaing homgeroé it qvgfintead relidges  in an
ol der, scal egua}éﬁ%ﬁ%e%s& .rﬁiﬁﬁ%@%ﬁmﬂ&g&e%ﬂcﬁdnmmmet00| be

a ea

configured a der ban or s to protect the seals ai nst damage
as they ent ermittpbaliggetireind the dovepptesem pesmeats @yt ppshs varigd By syl Goofrpigr 1 espect i ve
final instal lyga.d@Rishk O dofReamipeeditict R Yy DRte@ddtficr glie pakiiad a thin 24 4
MAY 2006 WO Q3/.039708 &%T/U 02/ 35352 envel ope, sleeve, or sheath that fits
over and covétd HEERHA G or other seal, so that it not only urges the
lip of the seal radially inward but al so covers the entire seal from

i th, fr. J - in 1 res: l d
contact wit ayﬁgﬁ%gﬁa%@pmch% R %{aﬁm 4 d\enReREheiR] | an

accunul at ed depo rotective s permts sliding insertion

of the cart rivexyb thednventioryeey gresaisatith bptha dderepteyivessr! fod ag PRl SfI¥ K QUL  seal

damage. The ty@livid@y TREoaRithhod Poaaks hfonhaa®i tahde ot Bodapdityabibedtr Mol et e renoval

of the tool from betvvegiglgth cartridgﬁ%?ang%lt.hem.vese%teIftha{ntegtrio cartridge

i nsertion. TH§Ee Feams, HEey THERts 8 e N R PBNng BUt sti ff pol ymer

sheet that i sAselas inFigotels| edssélAtdetingfasdeentrhpridésmeiwomprosie egdpost t i on of t he

cartridge. Albel 03h Lot Gl B Soarttlfeh by SBeard fide 817 Relocifectly SOI UDI €
g Sheet of T OW Cros I nKe

material, suc ) mononeri c EOl mer, or
ot her wi se soltylsiiecomngetas al9d0 gpligctively £irm a pqpial permgats passage Blsabe?R &5 ®ear t ri dge for

i nsertion butjeRMGRpikdddd), dodnectibll i EBitabl6 @ik bdhnddiofsattl/of Gificet Armttes 32O  stream and
ctions include an

di sappears after installation er suitabl onstr

envel ope or TEBYeRETERT Ot %{’] ‘%i"’ﬁﬁ‘flﬁlﬁg"“‘%@ﬁfl % ﬁg'e%%‘fa,% but having a
constructi on Baiae, pasitionedtsedh thal femeataencbringyte pessage or therighitsilt fidws eetheighthe | oop into
one or nore te% Ferﬁeta{eloaﬁt ﬁBb, ﬁa%gﬁea@e%ﬁdgﬁle t&b%tb&b§ﬁ§l&?ﬁ@m‘tﬂdg&s

flows to the left end permeate outlet 320a. The control element 330 may be solid or may have

C

an opening, and may be sized and configured 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
assernblies 319 (or into 2 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
ot 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

27




fromthe seal and may be directly renoved fromthe vessel sinply by pulling
the end of the strip followi ng use. In accordance wi th anot her aspect of
the invention, a filtration systemmay advantageously be inplenpmhedsn
part in conjunction with a flow divider that apportions the perneate
outputs, e.g., by controlling back pressure or by obstructing flow at a
position in the perneate tube or along the perneate flow path. This may be
done by providing an obstruction in the perneate flow path, such as a
plug, baffle or valve as described below This may be effected in one
enbodi nent aofo @nshirdst er ent aspect of the invention by pat@piisig a
conventional pressure vessel construction, i.e., one designed for

end- t0- end_ SRfl ufol QUAEG AL i he ko Bh nABRRE odfperinle dufpemabon, as. shown
in Figure 5A; a Tapere pl'ug or flow restrictor X W th a maxi mum di anet er
equal to or lowsswidkraneet Fymay tharafreesetdn oppraie Bith Ghaossd pHERRPIY yhes 46 and

el ement st ub GRMKAERClaBeSor thiy teSncRptFirdd BN leatitmila Sibhssadbizbh eompleteany poi nt al ong
the perneate line in a pressure yessel. By |ncreasj eam per neat e
back pressur é‘mﬂ‘(?”&‘dvé‘l"’ﬂ'&g b@@%@é?@?&ﬁ?%’“ﬁi&%?@éa ﬁlléi'r%;‘%te back
pressure, Saisgtelng ph elimprbd Ry a@pmilddmiifeestt freil godsior the are st o PEaducABy&Ed f ur t her
downstreamin.the pr Sé;éﬁ% 54 Ginde MY 66 Binpif rede QR r@bii@ing and, 25 4
MAY 2006 WO %&ﬁe _ Ué(g%ﬁ’%@é%n%%ﬁ es ogﬁﬁd%rﬁél 2{ b'r iﬁrii?:?g%si ng
downst r eam pevtombing. & by indiffrert dostiions. {tanaypalsp P sypal 5479 et*"ﬁ"éﬁs‘l he upstream

permeat e back,RLRaR :Rical 364 £hd EpaieRGydl téGoiit b Sidhdasitsighthdor 49 can be

noved further upstreamin the pressure.,vessel 42 i L it I's contained.
In such way RSOy %%@Wt‘?"?ré‘“ RSB PHES O%t??%g%?’ﬁ’keh%g%%d and

control | ed. Tda@ridgeioddingbr tiaflike, Foescpuns bdniplbrely different peks.@eth pd abepeldab-to-f | ow restri ct or
49 may be manual. of LRIk Dl Of PR bddRicmOkatigper ed pl ug or
flow restri ctp(()’%{’lﬁgat%r }r%&tgg%%a?%w e _a%ﬁ%?‘%&heg by rreng)sj?i Irl1g t]ﬁé; flowrate

of upst r eam pediffeeeatstages bumssOvpREEELAises on(s) of one or nore chemnical species
or other pertinent value(s) (i.e., <conductivity, resistivity, etc.) in the
upstream perneate, and neasuring the flow rat th fur processed
downst r eam per e P& APSERLS {5 8&"?"8?‘?‘(‘%%”61? pgﬁgggermr?%%tthgﬁ%%?éfal speci es

or ot her per théoert! 3v0Imdeddsyheteii islesiredto paidict iwe idifrent quality atduaplityy, etc.) in the

furth d d ) L H
i or | on et R AL Y BBl b R o b i i 5L

control element 330 offers several distinct advantages.

Figure 6A illustrates an eight-cariridge vessel with a side entry port at its center and
having a flow dividing contro] element 330 also centrally positioned at the port area. This
vessel operates, as described above for the vessel of Figure 3, to provide essentially a double
flux of front-end quality permesate comparable to that of two four-element vessels, but at
Tower 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 left 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 ﬂov\;, 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 typicat 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”™
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control systemwhich is capable of calculating concentration(s) of chem cal
species or other pertinent value(s) (i.e., conductivity, resistivity,

etc.) in the product and controlling process equipnent (i.e., 708d
val ves) so that flow rates of untreated upstream perneate and further
processed downstream perneate are adjusted to produce a product stream
having a concentration of chem cal species or other pertinent value(s)
within a predeterm ned or specified range. Systens may al so be inpl enented
having a fixed obstruction such as a cartridge end plug (Figure 5B) or a
stub connectwarospdotg (Fi gure 5C) defining the perneat eecthk@neidi ng node.

Anot her enbodi nent of this type is shown in Figure 5D, wherein a branch

di vider ball peggaspherical el ement 20 can be noved between two filtration
el enent connectors 27 so that the upstream perneate can be taken from a
nunber of el ements varying by one el ement. Hydraulic back pressure of the
two perneate str dampdrﬁonmmnach‘ﬂdeﬂ xahif ®pegt, o,fthb‘yweatiouaiaw firtheroriendedper meat e

outl et) to : ShtintbRd, by #Hididd ot N perneate
t ube 26. m%i{(fﬁ n@ggéw!f%;}m% Fﬂi‘%&q &?y ?eét di arret er han per neat e
t ube 26, but sige post af gRogreqntes Mipppcdipte P‘tsﬁwklnﬁ‘@e YePPFIe‘P Franpargedes of RO st ub
Connecéors 27d1v1cﬁncbrl>dlﬂ‘i@<§lsdcﬁasfr‘@g1 GﬁrﬁQBﬂﬁggf\iﬂmefFlg@ﬁdS @b a single
cartridge, in i ed e t he m e a
five-cartri dgBPOREUEsuch i "l’eﬂﬂégeg?e il %arﬁé %’e&éfé"q% skdpr essure to a
val ue great ersystehﬂmmMmﬁmﬁsmm per rreate back pressure, ball 20 can be

noved to the downstreamend of the elenent in-which it is contained; and,

by increasing downstream perneate back pressure to a val ue greater t han
t he upstream per Megko@n nFigure 6B gighepidgpsifeerity Fseifed FHSIVatR®Nhd of the 26 4

NAYhZOOG V\ﬁ %ﬁ?ﬁ%ﬁﬁr@@ﬁoﬁﬁ%@i?ﬁB&&s&b}ﬁaﬁJ&d dddairi]ua/stgbfeﬂnryk ifkd pot 360Nt @i ned. Inb
such way the it.between the front end,and.the bac rmeates can be
varied by onﬁ%ﬁ)"ﬁ“&‘ﬁé -eeftigy 4t ARG H ‘aﬂ 0?%‘&8&2@5&5% Per uart%ﬁqomﬁfety and
relative qudﬂmhtWiﬂitheﬂdemldem@rsltgcemmtorlwhemaﬁxedfaltamnﬁmbuﬁdd)ﬁﬁht t he

obstructi on, pptaéﬂdned?a&} Yhe Bifiry &mlhtt&ctesaéls}sm; ﬁkeswo B fl\Befd@unst r eam
per meat e out put na e varied by sinply controll t he back pressure of
a"ﬁ‘?ﬂ‘ié

y
the downst r ecsRRekveEsels 8 parallel; opPrriing axPoyeRferakives gesel Bpdipetheosi ti oned in
a l'ine out si deg RfmebtheuMS36aSInd as a conventional six-cartridge vessel feeding the right permeate

outlet 320b. The operation in this regard may produce a divided product with two streams
somewhat comparable to that of the above-cited U.S. Patent No. 4,046,685, and the particular
permeate yields and qualities may be calculated, for a particular membrane, based upon the

modeling software provided 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 siruply
changed in response to changes in feed water composition or temperatnre, or in responss 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 ofiset 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 lefi-end carfridges 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 recetves 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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In addition to providing branched perneate flows by adapting a conventi onal
pressure vessel, the invention may operate with both a side entry vessel
and an internal restrictor or flowdivider. This configuration prepydms an
enhanced range of flux/quality values for the two perneate streans. Figure
5 illustrates a system 300 enbodying this aspect of the invention. As shown
in Figure 5, a vessel 310 having a side entry port 315 and two opposite end
ports 325a, 325b accommopdates a plurality of cartridges having perneate
tubes 317 interconnected by stub connectors 319 to collectively forma

central pervasi:epassage (like tube 22 of the devi cep@hlsigise 4) .,
connecting via suitable end connectors and/or spacer structures 321 to

respective p%é@%mo%ét@aﬁmﬁ@@(ﬁgﬁgﬁmm@u bfsfam St R R 330251 des 11

the pernmeate “passa positione rmeate entering The passage

on the right @Wﬁeﬂqﬁ'@éq‘t&@y@%@rtﬂ%ﬁ@m@W%@#ﬁébﬁ@“@ﬂﬂ@éﬁ@@@@” and

permeat e ent eniyihldbReatcUd@ coflesdoddABprbithatetyds M%cmouﬂﬁ&hﬁly@gﬁﬁamed lows to the
| eft end perztvrsat %tlet 320a. The gontrol el e solid or may

have an ope A glergquts & o We&ﬂa’ﬁ'ftflﬁﬂgg@e‘?ﬁ‘gﬂg‘? St conpletely
bl ocks per neaammfetnownﬁ@etmaﬁrmtaﬂmenpmmfro:mboﬂsmlestdfakportto partially

obstructs or he control
el enent may bdeﬁﬁ%ll%l(aa%tﬁ Ehﬁ%eﬁgyaﬂﬂ'%o one %?ﬁgﬁtﬂ%&%&%egﬁ]ﬁlgﬁggpmdm ssenbl i es
319 (or into %ﬂyapa}rglgft;e Bedsiramdgavaten ragkish pratethoratepnéiittgiedat the tine of
vessel asserﬂ@bmammhemg@qmﬁe&m%ﬁpﬁéﬂéﬁn@@&y@m&ﬂ&héﬂdd&éoba{a a control

assenbly h .a flxed or. se vo novabl e ro as
illustrated éi? t‘(‘%ﬁ% ‘Tsﬁg‘gg%%gdeg ?8‘?“%}’6?"3""{%‘?@“ about such
rod, but are pmrmtt,toeuhayhmdergblraativélyysmpteﬁuﬁ&pdfcamgr@ch)ask&b@ﬂpﬁsm;vabl e control
rod is provi 8%98 £ nam cal | y
changed in ac%%%aﬁgg%M ag%cg%t ré‘F& P %mﬁ]ﬁgsﬁsﬁrn‘g&@@dm or %Hgﬁgg%éed or
schedul ed cheﬂ?ﬁé@bmﬁbpﬂ@ﬁmw¢@ﬂm@ﬂmﬁ9¢$w ingrpdserecopesn e st r eam

characteri st lﬁeatefiﬂﬂ&ﬂir@ﬂ@éﬂﬁﬁhﬁbm BtaPAY ifihets Eﬂﬁﬁt?v o@ﬂe‘%tﬁe%sehs!a@orf eed wat er
| ocat ed away frtPJn n end y thegzpressure vesse and pr ovi d| ng a
B

perrmeat e di vi'fF& ‘??WPY?F W%ﬂ%ﬁ%ﬂn@ﬁ&éwfd& PRSPt 006 WO
03/ 039708 PCTﬂlijﬁ@@ie’iE@Sﬁre&ibﬂi, ilbwipin@eabed ﬂsdﬂamgrlofaﬁﬁmyshyde&@j Isagedt he vol ume

ond ne L A BELTS Al Pl St 705 1

t herefore be opera cy
the permeate streams, or may employ a first stage bypass o achieve a target quahty with

increased yield: For both streams, any later stage processing may be carried out in smaller
treatment units specifically sized for and appropriate to their water quality, thus allowing more
cost effective plant design and water treatment. As applied to RO filter systems, the systems
of'the invention nﬁy be applied to economically attain a required level of treatment for
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 i has undergone prefreatment such as
filtration, microfiltration, or ultrafiltration. Boron concentration in sea water may be around
4.3 milligraras 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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conditions change, or may be incorporated into a preassenbl ed subassenbly -
a conplete bank or skid - that nmay be adapted to different systens,
including nultistage or nmultipass systens, each optinized for a ddiill Bbfel y
different feed stock or that are set to produce several distinct perneate
outputs. It can permt a single skid to be sinply reset, w thout
reconfiguring plunbing, for use in different locations. It nay also permt
several conplete systens of substantially identical cost and component

| ayout to constitute a "standard design"” that undergoes only m nor

nodi ficati omegossspeds as position of the control body 3g®yusehskgeti on of
cartridge loading or the like, for several conpletely different tasks, such

as a brackis hcoﬁtﬁnm%%@@eﬁﬁb%leﬁﬁ@@s@ﬁ inRydRAkc sg{es, o&\ﬁﬁ% ForV\ehh Gl dBwﬁﬁtLeQﬂat ion plant,

or for use in conplete plants havin erent stages, bypass or treat nment

lines. In theRSERCRRHBTHPS G &speptively, andbee teieshweamny’y Bopmioneeriatioady t 315 be

Iocgt ed at tr(}emeceff ﬁaﬁtheﬁrstw&}@smﬁsxaﬁem%emwﬂ@m@mgﬁ@aveiagdsssﬂeSI red to

produce two dj tit ernpate stre t he provision

ofa si de- ent r§™bTF ﬁgmgﬁFéﬁgﬂﬁﬁg?ﬁw H”%%ﬂ ﬁ%???ﬁﬁgﬁﬂpﬁ%ﬁw control el ement

330 offers saw&mabﬂMHsﬂﬁwéﬂwadm@nmagﬁmmmﬁhgmmamﬁﬁmﬂhhmmhmahes an

ei ght - cart ri dgg,.Mes Giler. Wd: lﬁﬁGQI i Ye B nbtce having a
o ?m“ Jg Bk entra %%Pdﬂk%ﬂ |onegm§@)th

fl ow dividing control el enen 330 al'so cen 0S| e port
area. This V&Y depubigshiopvafousiirtigesteeia edditipnstireatveny wits of 5% plto fbsel of Figure 3,

to provide essdibd itsdbrbycodte] oM fiRther blokblsind imaf haMat proftlestith bd ibnexdgliieat €
b 0! ot Rl b A P A g R el . B e, oot ot
position "A" ltr¢cleaa@g¢f@tteedmeat¢ﬁ@h&lmnieﬁengmymeaﬁs%fbmﬁsﬁeeiﬁﬁm apioorti onnent s
and qual i ti esgghy e&% W&ﬁcﬂﬁe%@pgﬁ&ﬁlﬁaﬂo%o&&e&%gg@%%?n%ﬂfﬁ?ﬁg ermeate flow

fromthe left si vesse I've cartridges,
of which two S&?"é‘lq ﬁtoé“-h‘?ﬁr? }opix The Fysig af Figuged gplapss &g papaste'stfepn 8§ fronc ar t r | dge”

posi ti gn i m%ﬁ&g*@lupﬁ%lﬁﬁ]&lﬁhtshhﬁy;é&tﬁ&gm@@éﬂme ﬁéﬂ%&eﬁtf@?ﬁeﬂﬁsﬁﬁgﬁh}&% nght hr eef
cartridges oVi the | e nd. si ernmeate flow, and all three o
the right han %ﬁ? @?ﬁﬁﬂ@é@ “E@BV?@?W&Eb@ﬂW§ﬂ¥9W$HWF 2%th derive from a
chain ofthreémammmgmnaamksdmm91%@mwmmhwﬁmgmmmgmmﬁmﬁaﬁﬁﬁwmawdxaﬁd quality
typical of cagtidaes 01]\11?111 Cﬂﬂe%ﬁ%ﬁgﬁhﬂ%{]&rﬁco RELIGALGL oW woul d

t hus have a higher v gene y per Gte; this
better per rrea"cé’e 0. @QP%GPEID@EWFB@?’S ?Oé'ﬁéfrﬂpeféﬂﬂﬂl@ﬂ bwmhimv@@mh@xqutm this

enbodi ment  of link RideEsh@d vestritfor, bPdie el PlebsBr Wsse2 8 ¢ prdinlisi? 8 Bbed, such

that permeate from fewer downstream elexuents formed the stream 56, reducing the flow

diverted to the additional treatment processes. In that case, even smaller downstream
treatrent units would be required, further reducing plant or operating costs.

In the above descriptions, the side eniry 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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WO 03/ 039708 PCT/ US02/ 35352 perneate. The apportionnent achieved by this
aspect ofthe invention may be further extended, and particular choices of
perneate yield and quality nay be further optim zed, by providing4®MY%Mﬂe
port at a non-centered internediate position along the vessel, in
conjunction wth a flow divider or control such as restrictor assenbly 330
and control rod 332 of Figure 5. Two enbodi nents of such a side-entry

of fset-restrictor construction are illustrated by the vessel system 410
shown in Figures 6B and 6C. As shown in Figure 6B, an eight-cartridge
side-entry wasseior#l0 of the invention has first andpGageness €] ect ports
325a, 325b at its respective ends and a side-entry feed port 314 that is

positioned off-c r..at. iaf ok A . 9.,
one-quarter) domﬁ%?gon%ngﬁsgﬁ@d%%%téﬁ@‘vg_ 8%3 ﬁ@%@%ﬁ%@% %g or

restrictor, visesatepashgedl thafulldngeehtisivesiols Thiseey beagessary, BE prempimiedekei rect | y at
the entry pOFangﬁ:hﬂalMdeﬁacMﬁ»?afe?imnfl&% RicBf dbibdf B brédncd Sl lraRinctidplty UNEqual .
conventi onal ves arallel, erating as .a conyentional two-cartridge

els in .0
vessel feedi rigPiFFfecloesgor Efﬁ%’? ﬁ@bﬁa’é‘"@gtmﬁ‘? cas5,dhg valugrpgstriction.or phSIRGHSH | onal
si X- cart ri dgeis prefrsblcoitfigereli 10165 1dadd @mporgittalipepasmg bfsuchayptobether@bligh. Fihe operation

in this regarg,. du di.vi.ded .product th two streans sonmewhat
conpar abl 6t e B RHFSe Ko BBl Bl R S5 888Be 200" e
particul ar pleFmetieanegtion baiditiong ehavirapriitoled by pesiioniypa pressearrlisfwbicinfhor  a

particul ar MegBeaRGor HRREH mbiR Gffr ERBdce PRAGIC R, SRk b WRH FreRiO¥bsied by the
menbr ane nanufa@cturer, 0 be estimated fromprior experience with

r m d
these conventPEhETre) e cutigiessperinees 2 CoRyTHAt SAsk mespgd ten er,
advant ageous| wiforidlye tBejubiititygnd duslityed pditicdle thapyasse/inl B dnttQb@eandcithe Of f St from t he
non-centered jnl 4 he ran f hi evabl e, per peat aranmeters is
greatly ext endégﬁs}égﬁd}%%tfkﬁgo S|‘?r%ﬁ?})%mcaﬁig%eé%&?ﬁreFeg%tf)gcgwsaélSPj%r changes in feed
wat er conposidhiresierivhies of thepevmeiteyp @artridges. i n r esponse to change in product
wat er specifications or intended use. Thus, as shown in Figure 6C, if the

divider/restrictor elepent 330 is_a fulh_le% bl ocking elenment and is offset
fromthe inlet to*BESeHYEs Pyeglrpeylo pbeparliedin individyy fiter rartidecs faddifioB nent  vessel |

then the | ef tioariths pehair of Brotigds koroddQhral RAREY SEarBeF dBadnBuiinosmdt he four

l eft-end cartridges in arrangenent  substantially.equivalent to two

paral | el strirﬁ%%cgg’ﬁéeﬁ%l%@%v??mdég@%%%%ﬁﬁ CeY ?“5?‘??'“!?‘%%"%?%%‘?? 314, while
the right si disopempernied withid ashzl@@0tier Guier thaw lnbthy e ipliraddiferebm a chain - of
four cartri dgﬁﬁridg&}’;‘%akﬁé Qv Rfe Brad@f dtSocky, bdnbibirdtn dndEant-ABFandr €SSUr € and

nore concentrate . . .
that occurs along the length of a single cartridge. Such single filtration cartridge

embodiments may be usefbl for a smaller (e.g., laboratory scale or small process) system, or
for a food-industry system in which a single-cartridge 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 farther 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 *
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29 4 MAY 2006 WO 03/039708 PCT/ US02/ 35352 reject flow fromthe two
cartridges (labeled Uin Figure 6B) upstream of the divider 330. The
perneate yield and quality at port 320a is thus enhanced, while the yield
and quality fromport 3201, both decrease, and correspond approx Wty to
t hat which would normally be obtained fromonly the downstream el enents
3-6 of a six-element chain of filter cartridges. Thus, the asymmretric
configuration directs the upstream perneate from both sides of the port to
one outlet, and directs a reduced quantity of downstream perneate to the
ot her outl ewo@epenmdi ng on the quality of the feed sidragmstcseawat er,

bracki sh or fresh water), and its intended application, the high quality

permeate nay 99&%5%%@%@%41%1: @ndt $18 adg3h E@éi i biRglekalle perbatdTBY  DE
directed to a treatnent an}iﬁfg%gass and ended_wi th_apot her output to

formthe fin&F ﬂsﬁﬁ‘eﬂcﬁmpposa?eﬂ PfaSéleSSF o W%TQ/ FBTEs $33P¢ her
processing, Suetheaagndyeadmemptitpofiion wittethofiiermddile(and ¢k gotionodeset ysi s or

o ect oue ol i A EATE UL BEETTERRSLRUS R (A Port 3200
recover Y, et089¢%8{ﬁ1e@e¢qtpﬂhﬂ°a1thﬁ@ﬂ%9Pﬁwmfoﬁmm@@dﬂﬂ%@Wo enhance its
quﬁ’lo ity, for Qﬁ‘e@ﬂth@cﬁﬂs%tﬁpeﬁéﬁ%ﬁg ’I(BEicmﬂo&ﬁ@ﬁ&ﬁhgm@\ﬁ]iﬁ%?lg@&hiﬁgﬁwnmy\eVer dt he
number of ser onnected yessel s en ressure drop, is
reduced, all 8\‘)\% ‘?“H&ﬁt’é’%?%sé’é 369?‘1“311%;1 ‘P“F"é'ffs“f’ H‘fsgﬁgﬁ %8n. Staged
systens may ampiaednstallheamﬂﬁ;eused thadabyl piddeding thieg @istttamd comtollibeyernent 2 snal | boost er
for only one sﬁ’JamsMﬁ?asﬂaﬁllé%s%fo?ca?%ﬁg@a%mﬂ%rfee nﬁFﬁJvﬂ%ﬁ {)ﬂeeﬁi%ﬁet?st age bypass
yl el d, For

to achieve a tar get I NCr ease : ot h st reans, any
| ater stage [FpPdeicdde wgmﬂﬁav c%!émblértbqném@wmmn effinglided matter pragieci#dnt units

SIOIECi fically s&hﬁs&ﬂltlﬁe%]fe?t&htdreﬁﬁaé l%ﬂigﬁﬂégdihlaqgrboﬂwlﬂltsﬁdh{@ﬂﬂfhﬁd)ﬁ{ t;\gs i ed
allowing nore, .cost effecti n esj wat er .trea ) applie
to RO filter W&J8ER peymggiesy %‘EFFE°°B&$““¥H%SW5@FH%?P Msﬁ@ggﬁﬁl ied to
economi cal | y tistituapammcate petjtiortewill beingdasig fin drdeed thepabeafeantlets®ciPpesent s in t he
food Lhal A CofRfiddind GhEELEH RUebOPu TS0 ERRLAAS D stigr ' cCOVErY. of

such conponents 1s re fance recovery or
concentrate trﬁ@mffé%lﬂﬂié@wo%@)m Fﬁ”"mﬂ‘yflﬁmpoﬁﬂi E&?‘&%‘Pféem% system for
treating aqU%@dé&tﬁtohHﬂth@ENrpbn&e&éﬂWaﬁb‘ﬁﬁgve@éﬂ Wh répfekdndé mSRAWN i N Figure
7 using an ROvesstcegor bank _of ssel s i acc Qr anc ‘c'jéh the present

i nvention to “YEE msaeggm%\}ﬁ?‘fgr”’lf’ BYgssg ghey fyone pretreat nent

such as seawater RO, brackish water RO) may also be changed part-way along the string, for example

to increase recovery or to increase permeate quality along a portion of the path feeding one or
more of the ouilets 8, 8a, 9 or Oa.

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 illostrated in Figures 10A and 10B. In this embodiment, a
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filtration, mcrofiltration, or ultrafiltration. Boron concentration in sea
water may be around 4.3 mlligrans per liter (ppm. Such boron is usually
only weakly ionized, and is not rejected by RO nenbranes to the sane
degree as nore highly charged ions. The pretreated sea water stréaffaHii s
fed under pressure by punp 53 to one or nore RO pressure vessels 50, each
30 4 MAY 2006 WO 03/039708 PCT/ US02/ 35352 contai ni ng seven RO el enents 54
in hydraulic series, producing front end and downstream perneate streans
55, 56 respectively, and brine reject stream57. Boron concentration in

per neat e fr ovo&h®7dsi rst two upstream el ements for onep&@rsianisRO menbr ane
averages 0.54 ppm and the perneate yield fromthe first two upstream

el enent's ayerlﬁtgﬂﬁe,Mﬁpﬁ@?ﬁﬁaﬂa@ﬁﬁﬁ@ﬂh@ﬂé @oh@it@@(e.%!,afui@@ﬁ'piﬁd)&% BﬁrOE
concentration_l.n . per te fromt renmal nin Ive elenents IS higher,

aver agi ng abott™ .WT&E%?H@ﬁglf‘ﬁ]gr@‘gﬁ?iﬁpg%t%@‘ﬁ%&?“gmﬁ SR OTThis flow may
be subj ect tcxmvmaﬁqmdefaulicmteme@mmplemﬁhddérm&lwatenmiectml;t,as!mi ts 58, 59,
61 to furt herinﬂa’fitﬁlqééﬁﬁm)'tﬁ&@ﬁﬂl&é&dﬁ%&fbﬁ%&&%&%&%@ﬁ[mﬁa’ér %F":?nﬁ%sng may i ncl ude

processes such as 1on ‘excha st nen an a onal RO st age,

or other treatlHsetto diFilg W@?ﬁﬁmt?{w’iﬁé@ Iertwo pedetenninghlongrtiofsetsboyser neat e from

downst r eam el @158k Bigly/IBYBRkEns of ihddefion SHRMbbY £kt tharGe ARGy £ €SI N MAY
reduce the borgarglecon entration ofthe treated downstream perneate stream
n

56a to | ess than o f° MRROISS 18 PR Be Fiegse erametgts fpdstemimg e hor npat e stream
55 from t he ®hkive flovs\iom the sirivesamss beenmate batleisN A tolaiip amduit sknikr td@éoft reat s t he

perneat e stregi,nfis ﬁgggﬁ%ﬁ%%&&g%&&qg%ﬁ%%ﬁ&%%ﬁg&&ea{n 56a with the

bypass stream formn wat er I oron concentration |ess
than 0.22 ppnfertddgesderidipgnosis purppses iR exarpirdn detectadiserese dsep ifi yw indicative Hor on-

restricted agdcRagh, otnabrug MhdcGiiclrRRS qualls 4R finBR SR s AEHcaROT ON

concentratlona%%g hlegrh?%- e,r%., %49'“‘%% o then the RO streans coul d be

apporti oned bYPSTER AISFET g Bhen M nipxgbls ge it may 3isp, be oguivofied i teley o

restrictor, aopartisilydeszedgnalitytirebadieionnig selontpal Thicisespiialyn@fmbhhén aiscr i bed,

such that p R oo tﬂ:%feg‘)éﬁ I t.s forned. t he stream 56,
e{ul ow difw\ﬁ/er te tgﬁ?dﬁxemg%?%{%& ?P i n%?mem iiots

reduci ng the ; di i orta reat nent processes. In that
case, even srEFAkn MSHpREIEY RO plgnt viewaalivivericsperipdicaliovit dhetoss of tidgliatend, t hi t her
reduci ng 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 brin 35’96“}3%’5 WT@@?VEF@WP{%W%%W& ections may

segregation of permeate and more specifically segregation of permeate from spiral wound RO
or similar cross flow membrane filtration units. However, the invention may be practiced with

other membrane configurations, and may be applied to effectively segregate retentate
(concentrate) in a membrane separation vessel, rather than branching the permeate, as will be
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 2rod or a pipeto forma
thin annulus of 2 miflimeter 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 fn 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
patticulate-containing fluids, such as for whole milk or skim milk intended for cheese making,
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in sone circunstances 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 nmay be di mensi oned accordingly, 4o4AY 72008
pressure in the reject outlet and/or perneate |lines adjusted as

appropriate, for such flows. The direction of chevron or other directional
seals, and the orientations in which cartridges are |oaded or renoved from
the vessels may then also be nodified, nutatis nutand; fromthose

descri bed alwavmpssas appropriate. In the enbodi ments hgwyRessea: | Nt er na
perneate tube valve, restriction or obstruction. 31 4 MAY 2006 WO 03/ 039708

PCT/ US02/ 353524 lok trddBént SO liRSd By 3@ ahfscH85 bd iBlinRnibdn AhdcMic2 Pr Oobe tube to
be inserted down the erneat& pa%i%?e,tor the full length ofthe vessel

This may be riEREUgganbe praulal Yrilizgdamd clfapsdyi t udi nal | y- di spl aced wat er

sanples in order to detect the presence of a malfunctioning (typically
clogged or A t or Nyl Lokl b B8rand lack A enf s BIGAA iftpe 1 €ST 1 CEiON
or obstruction is prererably conftigure 0 At Teas ?enborarlly al | ow
passage of susHergoog byhese skifled in thirarbibad the invextionamini betpragticed ipdiveee f | ow br anchi ng

restrictors adMbodids OfblrShirdtidiSand HOKMRatoRs il veih GRerse préQsseddf] FRRItBns 1 OWS, or
perneation con |t|on§@ﬁna% be controlled by posit]oning a pressure

reliefval ve |fpfeEto i fe axt @pd all puchy ypgiatigps apdypodifieatipns @rp cqusigeredi gge per meat e
t ubes. Such atotbé wiehih trsEifcd opd bt nvéitiol & destrbd IRRintafiaiefintd e tRakink | dge

experi ences i Qf . ressure and tends to thus wuniform ze the
gquantity andawﬁg%?béﬂg%MS%W%%%%gg? at passes in the branch upstream of the
val ve. Valved restrictors also allow a stepped adjustnent ofthe retentate
flow and filter characteristics ofthe downstream cartridges. Aspects ofthe
invention may also be applied to individual filter cartridges in addition
to strings or chains of cartridges to produce plural perneate streans of
different quality, and restrictors as descri bed above may be inpl enented
wi th various other mechanisnms. They may also be inplenmented within a
single cartridge (rather than a lengthy string of plural discrete
cartridges), taking advantage of the gradient of velocity, concentration
and trans-nmenbrane flux that occurs along the length of a single
cartridge. Such single filtration cartridge enbodinments may be useful for
a smaller (e.g., |laboratory scale or small process) system or
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for a food-industry systemin which a single-cartridge or otherw se
sinplified assenbly is enployed to facilitate frequent disassenbly,
cleaning or sterilization. Enmbodinments having a single cartrgidye 2006h an
internal flow divider assenbly nmay al so advant ageously be used for new
systens having a non-standard RO cartridge form such as a cartridge forty
or nore centineters in dianeter and one ortwo neters in length that has a
capacity, by itself, sufficient for the intended treatnent plant output.
O her enbodiPM8 of t he invention may provide three or nore perneates of
different quality froma single vessel, or even froma single filter
cartridge. Fi gurgs g Animpmved qrops flpw filiraerhgyster, syeltds afreversh osmdsis§ROY es. A
single cartridge is shown, but it will be_understood that the

const ruct | orfESHCHEPISIE 2R elopgpteressurp xessel Bivingafird gnd, @ secontheridna feed injet
cartridges.ﬁ?g hown .in Figure 8, novable hollow conduits (e.g., tubes or

pi pes) 8a.a RS 288 e Gufieiss yrhierain Broronrese filtes modulggarg eontained

o heat o oSl e sSel Bha ol Bt atesi S bt prspiced s vy e ot
LT AR i T e T
opet hor v RS bolletEaRGhuhicfueib bontiaf TR bl SESU R mrl'™

separate a”angiatlﬁﬂcMﬁééieméjﬁﬁi&%i@ﬁ‘?ﬁr%fﬁgﬁﬂg%ﬁne?i{e ﬂﬁ%&l h;l;ggtﬁgs?‘godi ment

of Figure 8 may al so be conbi ned w't . I"fugs or oW restric

qf Fi gures 2-pérmdltedo® dsard b firstlamiiof @ ve R shd A36:0Rd pdriBatE A bWh Aol 92 MRy
be install ed”andfor~used,  t hereby producing three distinct ancii controll abl e
perneate stendafthe fas@insdd Sisal Ring @ESHve BF vaAhd the tity 9 6dinpolifion of at
feed/retentate flowis froma feed inlet at conduit 11 to an outlet at
condui t 13, leasiame fihid effompdiotn saidi spstenofelatincioatistbler Maidle@luc At FrobiaRGY R  SPeci es
will be greater at retentate port 13 than at feed inlet 11, both in such
retentate achthat t he j uxtaposed perneates. That is, the concentration of
such matter in the fluid.channeled to the four perneate outlet .ports wll
be increasing in ordé thefirstead prspardnermaeate Adwe ey Oe est@lishedto bedf provi ded t he
menbranes in the el enent are of uniformconposition.” If the flow of
retentate is-ia-thesopfg@pirableygdand qualiy, eralfepnetiveport 13 to port 11, then.
t he order of conce‘ni\‘i%ﬂi ns in the four perneates wll also be reversed.
Wien Figure 8 represéht |pp{n?ﬂa@ﬂowmaybeestabhshedsoastohaveanupstreamyield

!

and quality that differs relative to the second permeate flow.

2, A pressure vessel for a cross flow filtration system, such as a reverse osmosis
(RO) system, said vess_f:l having a first end and a second end, and being sized for insertion of
a plurality of filter modlile's which may be intercomnected such that al pressurized feéd
provided at an inlet of said vessel permeates under pressure through the filter modules, the
| permeate being collected by one or more manifolds in communication with at least two
3 .
permeate oiitlets of said vessel, wherein said vessel includes a feed port located at an

intermediate position along the vessel, and a branching element or design effective to divide

the feed into a first flow permeating through a first plurality of filter modules toward a first
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el enments placed in a string inside a single vessel, then the type of filter
menbrane (e.g., seawater RO brackish water RO may al so be changed ————
- part-way along the string, for exanple to increase recovery @MAY2008cr ease
perneate quality along a portion of the path feeding one or nore of the
outlets 8, 8a, 9 or 9a.-In still another enbodi nent shown in Figures 9A and
- 9B, a nechanically defornable plug 82 is positioned over the ends of rods
84 and 85, and the rods may be mechanically noved to position the
def or mabl e gridug i@ Xesmelyand @rsecondflovh perpesting hreughasedond plurglityof Blier moddes | enent
or string of filter elenents. In one enbodi nent, relative novenment of the
rods t owar #verkdseenndend efitheyvessek end firstend ssgpndpenmeatepytiets posisionedapipidyy 823 i n
Figure 9B, dividing the collected perneate into two portions or branch
flows. Suchfistandseeppd sid¢enent may be acconplished, for example, by
conpressing the plug 82 between stops on the rods 84 and 85, Dby |inear
actuation, by screwing rod 85 into rod 84 (as shown), or by other suitable

hani sm”~ An aliérnate; di t is.illustrat i.n Fi 10A and 10B.
e nS o meht || B HERE e sgn s SOk St weil) Gy Sohl o
i nfl at abl | i t ached.. | it _
pipey thar RS Fohes oS0 iE T Sody PRNER RSBy Hlpdifatyfestmue hiP O
ef fluent copglilicbond vedy HRAMS o8 fxi naﬁéﬂmé&&t&éeﬂ?m@dégsg%g%@%ﬁ% i<f0r

exanple with arr or ultrapure water, respectively, on nedi um

the i nflat alefiPPsiraftd of ARk mBHAIUNE to G2 it Bid 13haDkE MR préssdriliPREg bal | oon) i's
enlarged to divide the central perneate manifold into two predeterm nable
portions as ﬁmatahym&%m&e@em&%m@@% tRoudiBe Ay BOMLINHMERY enpl oy
act uat ors t hat-are-operated- by a suitable control systemin response to
B0 NI € rélekifE heprleddebedipioiicted b9 nid@ifsldy Go@minitetingGtititat Ksst fwoqemmdateom t he
vari ous vessel perneate outlets. A novable conduit similar to one of the
condui t s 8aoullats ¢flshid uésseLBnd whateia ilsdnibtds losael] 4t an eenpédatpposiiomblengthe hi n a
string of cartri-dges for diagnostic purposes, for exanple to detect a

di scret e dr sidepfithé ieswl,iwheienahid figting compissek Bope divider canfigupedifprt beingange i n
perneate quality as .a functi.on of linear position that indicates a

bl ockage, a positignedproximate thealet siplethatonedyles plaesd e the wesse] abw eithen sideoishs be
controlled to track a.-- particcul ar- desired quality threshold for formng one
out put . Thi lopdivides ta-form twe fillsesnegule fpranchescxtending to'said first and said second vessel

ends, respectively.

4. The fitting of claim 3, further wherein said fitting is permanently affixed in

3

€

and fabricated as a structural brace in said vessel at the inlet position to separate adjacent
filter modules such that flow of pressurized feed to the two branches is not constricted.

5. A tool for installation of generally cylindrical filter modules in an elongated
pressure vessel of a reverse osmosis (RO) or nanofiliration cross flow filtration éystem or the
like, said tool comprising a band fittable about a circumfcrencc. of a filter module-and
effective to compress a peripheral seal element associated with a filter module as the module

is being inserted into the vessel, and wherein the band is removable from the vessel after
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quality varies within an envel ope that allows one to design specific

tTeatment variations - for— exanpte 1m amr estgar e RO ptant where satr Tty
varies periodically with ingress of tidal water. The inventi ofMs2088en
descri bed above and illustrated primarily by describing segregation of

perneate and nore specifically segregation of perneate fromspiral wound RO
or simlar cross flow nenbrane filtration units. However, the invention my
be practiced with other nenbrane configurations, and may be applied to

ef fectivel m&ﬁg{&gﬁﬂﬂh&ﬁbﬁﬂéiﬁh@osit(mﬁrﬂzemm@mlVvﬂﬂhlqﬂi@ﬂﬁ#‘ﬁﬂ@f separ ation
vessel, rather than branching the perneate, as will be wunderstood by those
skil I ed i n niddele Brpositiond i | | ustrate one such exanple, a suitable vessel may
be forned 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 forma _thin annullﬂs, of a mllineter or

S0 in thi ckness6y{ optA topldbr ipstallptinefia sgneral cyfinsigirad Al mBANGHB AR HYPE* L r een), and
separ ati on nenbrafies”my be fornmed on t i.nsi de _of _.the porou ﬂgg pes, one
type of mmm@ﬂewfﬁﬁ@ﬂﬁwwobwd@?o@m%ﬁ% fay ﬁﬁ'ﬁ%"é‘ YHRE one i nch
pipe. This creates a rigid _ crgss . flowfiltratio in which, for
exanpl e, t%%%ﬁﬂ?@?%@”&%@“@&ﬁﬁeﬁgﬂ“ﬂﬁﬁ%mﬁ(? ro%a%ggt%ﬁg&l%(?ngw annul us) is
‘used to withdraw sone retentate, .|l eavin i nch
“Wﬁaﬁ‘@?{ 255 & Wit 3 t&%ﬂﬁggﬁmbﬂgﬁn

menmbr ane prEFEPE ip Prefert 21e nay be passed to waste,

repressuri z%&%a%ﬂ]eirisec%gl Eeﬁ?th?ﬁ%gé fs;iggmdfbgﬂl%&;]g‘gmggﬂ@hggﬁmog@i@r ocessed.

Such config reati ng articul ate-containing fluids,
such as for Ql A | skimm Ik intended for cheese nmaking, 34 WO

03/ 039708 Pﬁ?%@ﬁﬁ%g@? and for treatnment of fruit juice, and may

ant ageously be inplenmented in a mechanical structure that can be

regdl arly disassenbled, sterilized and cl eaned. The invention being thus

di scl osed and i I, ust g thol @ Q&R b B Whéreinl 816 béridieklesictor wivkbpebe  under st ood by
those skilled in the art that the invention may be practiced in diverse
enbodi nents. QO her, variations and nodifications for use in diverse
processes and applications wll occur to those skilled in the art, and all
such vari ations @nd Mmhshiobliof eliimMy furthereoromising d eip ok for sgvetjog the 1e6¥¢0Tt he spirit
and-scope of the invention as described herein and defined by the clains
appended he ksvelopsto ormausiripahas nap be ioededgingly withdrawm from the vessel by pulling

afier insertion of the ﬁlter module.

9. The tool of claims 5, 6 or 7, wherein the band comprises soluble material

2

e whereby the band degrades in use if left in place upon insertion of the filter module into the
vessel. | .

10. A cross flow filtration system according to claim 1 comprising at least four
filter modules and further comprising a manifold communicable with a permeate outlet of
said vessel, and further wherein said feed inlet is located along the side of said elongate

pressure vessel at an intermediate position along its length.
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4 MAY 2006 CLAIM5S 1. An inproved cross flow filtration system such as a
reverse osnosis (RO system conprising an elfongate pressure vesser navinmg —
a first end, a second end, a feed inlet and a brine outlet, &MAYDEfeate
outlets, wherein two -or nore filter nmodul es are cont ai ned within the
‘pressure vessel and are interconnected such that pressurized feed provided
at the feed inlet perneates under pressure through said filter nodul es,
whereby perneate fromsaid nodules collects and comruni cates to separate
perneat e out!| etk ofThe filtmitioneyset of claiml10; furtherindluding g dow gividersrgialietong el ement

or design for branching perneate fromsaid vessel into a first perneate

f1 ow t owarappertién pesueate fidw ito 4 first fipwdsasrh theongh afivstaluseltty ofdittgraanddless | ow t owar d a

second end of the vessel, said ;isten1be|ng ef fective fg 'ﬁ?éhng t he
quant ity opwardagiessendiobtie prssare vespebandia serqpd Refrpgats flaw iy g sepand 1 Qi d system

relative to another fluid effluent fro sai d %ﬁ%%gnl such tgat a) the first
and secondifoughiessrand phlily offiter madales forgr %ﬂﬁ%ﬂ © BESSWE ST Er abl e yield and
quality, or, alternatively, i b) the first perneate flow may be established
so as to have an upstrean1yie|d and quality that differs relative to the

yetom such ad?a ¢t SERtitn iR s taliniRetaditbls O 0T

d and ond lit f
filter modtP ée"&ﬁ%ﬂ%?‘%‘ PSR Pl 0 BRBRD o oon pBi?. e

provi ded ah bﬁgméﬁﬂ sel permeates under pressure through the
filter nodu t he perneate eing collected by one or nore manifolds in
connunlcatlon mnth at least two perneate outlets of said vessel, wherein
sai d vessel i'nciudes:a feed port |located at an internediate position al ong
418 vessel , andiza bIROEHRAHRE sylcRPRShimaN, KRk Gheréth Saitbinteiedibte patition e t he f eed
#fo a flrst flow perneating through a first plurality of filter nodul es
tovvard a f nstShbsBatiAly MakredQRhe depresirevelvessel , and a second fl ow
perneating through a second plurality of fllter nodul es toward a second -
end of the vessel, and first and second perneate outlets positioned at said

first and second ends
14.  The filtration system of claim 13, further wherein the flow divider includes a

body positioned within a collection tube of said filter modules effective to produce two

permeate flows.

15.  'The filtration system of claim 13, further wherein the flow divider is offset or

ord . offsetable from said intermediate position of said feed inlet.

16.  The filtration system of claim 13, firther wherein the flow divider is a divider
element selected from among the group of divider elements 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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3. Afitting for a pressure vessel of a cross flowfiltration system such

as_a reverse osnosis (RO Systeny sai d vessel berng a substantTat -y
cylindrical vessel having first and second vessel ends, and damAYx2m6 | unen
t her ebet ween, and being sized for inserting therein a plurality of filter
nodul es end to end in said lumen such that pressuri-zed feed provided at an
inl'et of said vessel perneates under pressure through:the filter nodul es,
the resulting perneate being collected by nmanifolds comrunicating with at

| east two pernedl.e Qumnbthddof onfiguing a vesSlow filizatidn sisiemcigh 3RESVER et 1s | ocat ed
at an internediate position along the side of the vessel, wherein said
fitting conpmossBOhsystenysaifisystaicheingedaplablgselitiebr bei ng positioned proxi mate
the inlet such that nodul es é)l aced in the vessel abut e'tr}er Si (gg of the
flow divider to for raibgfirstiand seondpermpate s man beesaRlisheddp hee first and
said second vessel ends, respectively. 4. The fitting of claim3, further
wherei n said fittingiddaidspslitneheligmatydh xed in and fabricated as a

structural brace i'n $aid_vessel at the inlet, position. to adj acent

filter nodul es such Wil finsiRspeate BY’&E%BW‘?@H“@&%&S?gaﬂcﬁ‘é“?ss\%o%g‘?éé‘ﬁches is

not constricted. 5. Atoql for.installation o r y cylindrical filter
oy bl e B SRt pRFRRR

nodul es in an el onga‘f"@(ﬁ érse osnosis (RO or

nanofiltratipn..cros | ow.f i ipn systemor the 1like, said tool

conpri sing '3’8%%’1?1 eﬁ#a%?@%%%%&%ogi rcunference of a filter nodul e and

effective to conpres ﬁ!'srﬁ:}ﬂﬁ{l%b mg]ral%li@gg% iorefahednoalet N a filter
E’a‘lﬁnsé)%el g | Lerte apom )

nodul e as the nodul e Into the vessel, and wherein the
band is renovable fr Shggﬁ%ggﬁgﬁnQgﬁﬁﬁﬂéﬁgﬁnk@&&g@ﬁ@mkﬂﬁﬂmfhﬁmxof sai d
filter nodul e-#nte~posrt+on tn the pressure vessel while leaving the filter
dyl e in position. Burified M@ knefiier walik tik pradsiu@ Resed is@drigmsden alekgnsecyaid ndr i cal
fi¥ter nodule in an,elongated pressure vessel of a reverse osnosis (1(0)
or nanofiltration er bempy phifdrinedfiondafisydiretion;and t he |i ke, said too
conprising a band:fittable about a circunference of a filter nodul e and
effective to protect ladpgs soaidpturainadf filkreatiigesdss o portioreef theiclongate fi | t er
nodul e agai nst abrasion as the nodule is inserted into t he vessel, said
band bei ng renpvabl € pakdnerveisel xertin @seabin theapgivn begwesndhe quisg wpibofiadiltelonp| et ed.
7. | The tool of elains 5 or 6, wherein the band is a s]eeve or. envel ope.

<+ e, o CATtridge and the inner wall of the pressure vessel is oriented in an opposite
s;e;'lse to _said one sense, | ‘
whereby.said first and second pluralities of filter mrtrldges are configured for
filtering oppositely directed branch flows in said elongate pressure vessel,
;
18.  Themethod of claim 17, further comprising the step of withdrawing permeate

from said pressure vessel at opposite first and second ends of said pressure vessel.

19.  The method of claim 17, further comprising the step of providing aseal . . .

protector while loading at least one of said sets of cartridges.

40




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 wthdrawmr—
fromthe vessel by pulling after insertion of the filter nodul4aaaAY2006he
‘tool of clainms 5, 6 or 7, wherein the band conprises_soluble materi al

wher eby the band degrades in use if left in place upon insertion of the
filter nodule into the vessel. 10. A cross flow filtration system accordi ng

toclaim1l MPrMhS| r filter nodul es and further conprising
la manifold gg'm’ru]hr?? !3% o@%%ll?@slg, %&H‘Wg&?’@s&%ﬂi‘c@fwﬁﬁ’f%@l"&a\ﬂ@%’sel, and further

wher ei rdiEddrh j i ng the side ai d el ongate

pressure ves s{a a?dté%ag%orﬂ%?negi a§ edgg%tgia?qo%m%%’??dm?{"gﬁﬁe@ﬁ&l fie 38 4 MAY 2006
. 11, ToppositelyldfrediddVransly adwdn of claim 10, further including a flow divider
operable to apportion perneate flowinto a first flow branch through a
first plurality of filter nodules toward a first end of the pressure
vessel and a-second perneate flowin a second flow branch through a second

plural ity o2LfilAmehonibhiti0s oo S8 Ao R iliclholidl (P figEe Vvessel . 12
In

The filtration systemof claim11l, further wherei'n sai ernedi at e
posi t i ¢Hskm, sucuisdtlicdrbmpliding theqaspeibed al ong sai d pressure vessel so as to
produce first and second perneate flows of conparable size and quality.

13. The filtrat ipervidingsurduralisy ofxrass fiow Htrafio ddnewithih & bRiAreSRksE dent er medi at e
position is not substantially centered along the pressure vessel. 14. The
filtration syst & Sltrationsystem.Faidfprestunevessehievag B fich eidt kavecdivikeder | ncl udes a
body. positioned within a collection tube of said filter nodul es effective
to produce, twp. . "B ohfead fuid pedan outle forfasage dfretakdtothersiyahem of cl ai m 13,
further wherein the flow divider is offset or eoffsetable fromsaid

i ntermedi ate po®fAV9H§ ableast rapermente qutipts from 11§ praiwe Fishel,rvieiebn Sy st em of
claim 13, further erein the flow divider is a divider elenment selected
from anong the SFWﬁeg?sW?ﬁb?cﬁséﬁﬂrﬂ@“%Wﬂm@im\ﬂ'ﬂfdaided or novabl e
restrictot, a f'g gat% ovabl e bl ocker, a pair of separate perneate
inlet/collectors, A%bl e obstructer and a val ve assenbl y.

e .- arranging at least one fluid flow from the feed inlet, or providing for blockage
L of apermeate passage, in a manner effective to divide permeate output of the
pfessure vessel into at least first and second permeate streams whereby said
filtration system is adaptable such that
a) the first and second permeate flows may be established to be of comparable
' yield and quality, or, alternatively,

b) the ‘ﬁrst permeate flow may be established so as to have an upstream yield

L

and quality that differs relative to the second penneat(le flow.
22, The method of claim 21, wherein the filtration system comprises an-

interconnectcd string of filter cartridges, and further wherein a step of providing for blockage

of a permeate passage is performed by providing at least one blocking element in 2 permeate
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39 4 MAY 2006 17. A nethod of configuring a cross flow filtration system

such as a reverse osnosis (RO system said system bei ng adapt able sucth
that a) the first and second. perneate flows maybe establi shed MAY 2960f
conparabl e :.yield and quality, or, alternatively, b) the first perneate
flow may be established so as to have an upstreamyield and quality that
differs relative to the second perneate flow, wherein the nethod conprises
the steps of loading a first plurality of filter cartridges into a portion

of an el ongeieweee hstveanssrtedars Sderin ihs blogking clemen i selpgieddiom 4mong BHE'BW ween t he

outer wall of .a fiJter cartridge a he jnner wall of the pressure vessel
"is orient eo""f“ﬂSt'Bﬁ%g E'Eﬁs@?mg%{'ﬁd’aﬁgﬁéﬂé"ﬂﬂcﬁ‘ﬁ'&f’ EVBYRETOFPEH™ fi r st

direction; and |loading a second plurality of filter cartridges into a
portion of the elongate pressure vessel' wherein a seal in the region
between the outeg el OfoEofddid 51, AL bediShel ibriviea bbREE. ikl Of the
pressure vessel “T's oriented in an’opposite SEnSE 10 said one sense, wher eby
said first o ond pluralities of filter cartridges are configured for
filtering oppositely directed branch flows in said el ongate pressure
vessel. 18. The nmethod of claim 17, further conprising the step of

W t hdrawi ng perneate fromsaid pressure vessel at opposite first and second

ends of said prQ&?’urgméﬁﬁéﬁkmkggaﬁebﬁoﬁ@ﬁ:&gﬂzafﬂufd@mis%atmfﬁaer
|

conprising the step of providing a seal = protector | oadi ng at | east
one of sai dafi@bdnddompatichts hékihe ordhbréililfeépattidh eldbents i 8 coeiidRO®ererbr 61 ai m 17,
further conprising the step of providing a flow divider in a perneate path
of said fil peducearltast oligfgid tfluaphet fdidvontpinéFtaiattially emichetivai firithe

opposi tel y-directéd branch flows. 21. A nethod for cross flow treatnent of
ahv gueous Wm%mﬂuﬂemhMﬁahbﬁdmnw@mnﬁwmwﬁmsﬁtonpri si ng
the steps o , \
P second component, said method comprising at least one group of steps selected from the

following groupsA_, BandC: .
Group A: o
A(l)prowdmg a source of said pressurized fluid comprising at least first and second
components;
A(2) providing one or more fiuid separation elements in a container therefor, said
container comprising at least an inlet for said pressurized fluid and outlets for at least
' Q-J' ‘ three fluid effluents, each such fluid effluent having a ratio of said first component to said
. second component differing from the corresponding ratio in said pressurized fiuid, each
said fluid se’paration élément characterized by having greater pamo;ability for the first
component of said pressurized fluid than for the second component of said fluid;
_A(3) providing an element or design within said container effective for varying the
“quantity of at least one of said fluid effluents with respect to the quantity of at least

- another of said fluid effluents and/or for varying said ratio of first component to second

component in at least one of said fluid effluents relative to said ratio in at feast another of
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providing a plurality of cross flow filtration units within a pressure
vessel of said filtration system said pressure vessel having a feed imtet—
for receiving a flow of feed fluid and an outlet for passage4®MAYZ0€nt at e
't.herefrom providing at |east two perneate outlets fromthe pressure -
‘vessel wherein perneate passages of the cross flow filtration _units

conmmuni cate with said perneate outlets; and, arranging at |east one fluid
flow fromthe feed inlet, or providing for blockage O a perneate passage,
in a manner efal'dgfg‘f“f uguts "G&‘Q‘i‘td@‘?}’é‘}gr?ﬁ}éf’%qa@ﬂ“&wp iop glmens ke sk vessel

i.nto at Ieastcf%lﬁﬂst. and second perneate streans whereby said filtration
systemis adap‘{'J °8 such that a) the first and second perneate fl ows may be

tablished t bl | el d .qual i.ty, , alt tively, b
the 1115t perneatd frol AP ARl el sl o have"an upstr eam vi el d
nd lity th i L Aldive th d t . 22. .Th
ot hod of - 61 i ad ooiianh S yeiobel ot RS B AR SRR g or
i nt er connect eﬁs&oﬂp@&n%s%éoh&%mp%ﬂ&ﬁ;ﬁ. "?ﬁ"gg‘f’f%%éﬁ?’ﬁe\o%ﬁr el a step of

provi ding for bl ockage of a perneate pa saoge I lloli/ provi di ng at
‘| east one bl opkisadreg!agident in a perneate 4 MAY 2006 passage between
“cartridges, wherein the blocking elenent is selected fromanong the group
consi sti ng GloupBiigs, restrietors, valves and bl ocking el ements of varying
cross-section. 23. The nethod of claim 21, wherein the nunber of provided
per neat e out | et B(f)sprovidiega murcfeeﬂfaidﬁéakuraedmﬁim%ind;irﬁhghﬂeﬁﬁ:@l&n@&ecbﬁﬁSt one
pressurized fluid conprising at least first and second conponents using
one or nore ftempmnemdparati on el enents in a container therefor to produce at
| east one fluid effitient from said container substantially enriched in said
ffifist conponent Béddpravidihgtwtor e fhiidisedaratidnlelearehts fr conminkeckharabot, adider
substantially enriched in said second conponent, said nethod conprising at
| east one gr ofiFtAfEr eqepising af least andnletiforrsaid ipessfugirddoividapd gntetpor A leaB and C:
Goup A ,,A(1)# providing a source of said pressurized fluid conprising at
Ii_ieasf first é%e$Wenm,gmh such fluid effluent havinggraﬁo of said first component to ga?d : ?

secondcomponcntdlﬂ‘enng from the corresponding ratio in said pressurized fluid, each
sazdﬂmgsep al‘atlone]ement chmacteﬂzcd by having greater permeability for the first
‘ com'pon'e:;t' éf sgid :_pfessuﬁiéd fluid thah for the secon& component of said fluid, ﬁﬁfher ..
wherein at least some of said fluid sei)aration elements are positioned in said container

with a single anti-bypass seal, such seal substantialiy preventing bypass fluid flow around

said f:uld separation elements in a first direction but not substantially preventing said

Hluid ﬂowm a(‘ sgc?nd direction generally opposite to said first direction, and further

I 1

whepein at least somel"of the remainder of said fluid separation elements are positioned in
said container with a single anti-bypass seal, such seal substantially preventing bypass
fleid flow around these remaining fluid separation elements in said second direction but

not substantially preventing said fluid flow in said first direction; -
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conponents; A(2) providing one or nore fluid separation elenents in a
container therefor, said container conprising at |least an inlet for said
pressurized fluid and outlets for at least three fluid effl udmAY 2086ch
such fluid effluent having a ratio of said first conponent to said second:
canponent “differing fiomthe corresponding ratio in said pressurized fluid,
each said fluid separation el enent characterized by having greater
perneability for the first conponent of said pressurized fluid than for
the second conp®6®rnassirg said prgsshiiagd Suid mgaspiddnlewherehygaid fuid dewethtougly  desi gn
within said container effective for varying the quantity of at |east one
of said fl ui dsaid flyidesparatiopelementsoviiheytsubstamiiah ﬁélmﬂwamm PERY anot her
of said fluid effluents _and/or for varying said ratio of first conmponent to
second conpofieidsrpratiopelemgsandyne of said fluid effluents relative to said

ratio in at |east, another of said fluid eff|uent i,.t hout _r.enpvi ng any
of said fl wdsjﬁs rrﬁfqvﬁﬁggwgﬁéﬁ?”ésaﬁ%ﬁﬂds%ﬁﬁs’ o ﬁ?@?ﬂi‘bﬂmﬂt’% mé%gfgi ng said
pressurized fl.uid into said.inlet: 5).,.recoverd ng.fLujg effluents
from sai d outﬁﬁ?%%%ﬂ%@%ﬁ@gﬁpﬁﬁ)&h%w ?ngmg%mﬂgrmgt conponent to
second conponep | Ftering fromthe corresponding ratio in said

pressuri zed fﬁr&s&gmg}ﬁ%’pm%; B(1l) providing a source of said pressurized
fluid corrpr'bfs‘%ug@:at | east first and second conponents!. B(2). providing
two or nore id separation elenents in a container therefor, said :
cont ai ner comrlmp&oﬁmﬂégﬁ;wgfwdrﬂr‘QMrﬂuﬁ% i@ S6llst FrSiGnd debind and
outlets for at least three fluid effluents, each such fluid effluent having
a ratio of sai dnéried; » conponent to said second conponent differing fromthe
cor r espondi g Fatto*i*h*-sai-d pressurized fluid, each $aid fluid separation
el@ent char act eC@y prviding biie\or greRuRAERFatiOEERA il 4 doytaiher theteloe, shidr St ,
coffponent of said pypessurized fluid than for the second conponent of said
fluid, finthercontkisgreomprisig htdasttandrderdoraiid prssorized (hidlarslopdatsfon fbid el enents are
positioned in -sai‘d.container wth a single anti-bypass seal, such seal
subst anti al | y efffventseachsech Byidailoedt haning afratinef said fevcbompenent i daidisecondkpar at i on

el.enents .in a.first. di‘rectionibut not. .substantially preventjng said
R " compopent differing from the corresponding ratio in said pressurized fluid, each said fluid” -

. sépaation dlement cpraciciand by having grater permeabily o the irst component
of saldpr&ssunzed ﬂuld than fof th;s saé:c)nd component of said ﬂmld, further wherem at- l_ I. | o
lw}st‘soma‘ci)f said fluid separation elements are positioned in said c;ontainef with an anti-
bypass seal, such seal substantially preventing bypass fluid flow around said fluid
C} ' separxjttmn element in at least one fluid flow direction, and further comprising a band
eﬂ’eg_tlvetqcompr&ss said seal, said band being readily removable after insertion of said
fluid separajtion elen;;ft“‘in“said container; :
C(3) removing said band after msertmg said fluid separation element in said
container;
‘C(4) passing at least one pressurized fluid into said inlet whereby said fluid flows
. through said fluid separation elements without substantial bypass fluid flow around any of

. said fluid separation elements having an anti-bypass seal; and,
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fluid flowin a second direction generally opposite to said first
direction, and further wherein at |east sone of the remminder of said — -
fluid separation elenents are positioned in Ol container w tHMBAS200§ e
-anti - bypass seal, such seal substantially preventing bypass fluid flow
around these remaining fluid separation elenents in said second direction
but not'substantially preventing said fluid flowin sai.d first direction;
43 4 NMAY 2006 B(3) passing said pressurized fluid into said inlet whereby
said fluid fl ot tesaveripi fluidgffigents fomisaidayiets each ek pillpaathayingp fﬁ‘i'aa‘ie
substantial bypass fluid flow around any of said f]uid separation

el enents; and#Ist @mppnentta sesond cpmppnent diffgringfliom fhs rogespending walip i1 %‘at lets, each
said effluent having a ratio of first conponent to second conponent

di ffering fr&eseAedddfs esponding ratio in said pressurized fluid; and,
Goup C C(1) providing a source of said pressurized fluid conprising at

| east first and second C(2) providing one or nore fluid separation el enments

in a container jRkerefar i.d ..container conpri,Sin ninlet for
sai d pressurizéd- fl Mﬁﬁmﬂéﬁgfﬁ%@eﬂﬁ“ﬁﬁgﬁ‘ﬂuené‘é; gachgéguch f1 uid

ef fl uent hayi rati f. id fi FRoAsD i BbdenRGEPNd  conponent
differing ?%%%fﬁnéls%g?‘f%@ﬂ%nd}ﬁﬂoﬁe%ﬁ%ﬁﬁn sal d%%%gggl%e?;?l uid, each said

tlui d § ; ; oabi | ity fof
ui Sep%ﬁ&:ﬁe?ﬂna‘é‘fo?&%rcglpégaal dvf‘&de%ﬁﬂ eﬁ)ﬁaﬁgﬁh@ﬁd an&ﬁ:&%b%%&ﬂﬁa ity fol

the first conponent. . pressurized flurd than for the second

component  Qhy R il sdid fisichtieh idlaf Rbst YRS dihddt frolRAa bonf@iEPsubltantiadllyd f1 ui d

separation elenents are positioned in said container with an anti- bypass

seal, such emffbd it SHABdeaRl bxithy, YaidAppiiaib bohiprikiiga Sast bhe tosibibdtionofr ound sai d

fluid separation-éetenment in at, |least one fluid flow direction, and

fnt her  conpipoabmoseldcrdirivih thebliedig/goipp ACBaEI @SS sai d seal , said band being
r&ddily renovable after insertion of said fluid separation elenent'in,said

cont ai ner; GzoupA:r enovi ng said band after inserting said fluid separation
el ement in said - container; C(4) passing at |east one pressurized fluid
into said inl et AG)enedymaesocss|ofisaid fresewized fvid oisiyre comprising pyleast Brspar at i on
el ements without substantial bypass fluid flow around any of
and second entities; .
.. AQ) oneor mo:é f]uid mixture separation elements in a container therefor, said
container including at least am inlet for said pressurized fluid mixture and outlets for at
feast three fluid effluents, each such fluid effluent characterized by having a ratio of said
- first entity to said second entity differing from the corresponding ratio in said pressurized
ftuid mixture, each said fluid mixture separation element characterized by having greater
. permeability for the first entity in said pressurized fluid mixture than for the second entity
in said fluid mixture; h
(A3) one or more fluid control components within said container effective for
varying the quantity of at least one of said fluid effluents with respect to the quantity ofat- -
least another of said fluid effluents and/or effective for varying said ratio of first-entity to

second entity in at least one of said fluid effluents relative to said ratio in at least another
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said fluid separation el enents having an anti-bypass seal; and, 44 4 NAY
2006 C(5) recovering fluid effluents fromsaid outlets, "each such effluent”
having a ratio of first conponent to second conponent diff eri4AY 2096 t he
corresponding ratio in said- pressurized fluid. 25. Apparatus for treating
‘least one pressurized fluid mxture conprising at least first and
second entities using one or nore fluid m xture separati-on elenents in a
container therefor to produce at |east one fluid effluent fromsaid
cont ai ner subsifaad fleid pifueniyivithehigempvingsany of fajd f34d ssparptiop clemgntgfromezidt one
fluid effluent fromsaid contai'ner substantially enriched in said second
entity, said aﬁﬁﬁﬁﬂtus conprising at |east one conbination of conponents
selected fromthe follow ng _groups AL Band C, Go é@é one or nore
sources of sai d {#eLU6PT YR IpKine cAmRNGRE fof BRsSiPg gaildlr’ﬁesa‘fmﬁ f9RHFEL  and
second entities; A(2).one or nore fluid mxture separation elenents in a
cont ai ner theﬂg?d? QQQH’contalner I ncludi ng at | east an inlet for said

pressurized fl ui ets for | east thr lui d_ef fl uents,
each such fluid gp?}ngﬁ{mgﬁgﬁg P@? fsﬁéﬁ?W§"n |o D i%bl&% first

entity to sai u%l@tg%g& G cubntH {]uf.%[ ﬁ@QH‘ Ig}.{lﬁ?% s%QJnﬁ%ﬁtﬁg{ii‘g‘%rﬂ% g{ﬂ:@ in said

pressuri zed ure eac ture sep enment
characteri zed [ hdoYe.fOr the first entity in said
pressuri zed flé&?"%“'ﬁ%”g‘;fﬁﬁé’ﬁ “méﬁxgﬂ'sedé%fﬁde’entity in said fluid
m xture; (Aoge: or more fluid control conponents within said container
effective for 'varying the quantity of at |east one of said fluid effluents
with respect to BQ@ did Bfibrle¥odées 8F said (Resiirizod il ixesrb coiprting biteddt @il | uent s
and/or ef fective For varying said ratio of first entiity to second entity
t | east ongdaécoademitibd;ui d ef fluents relative to said ratio in at |east
her 45 4 NMAY 2006 of said fluid effluents without renoving any of said
flui d separ ati onBé&l)awe ot moferflniv siatuck sepandtion elements in a container therefor, said

coﬁﬁinér inéluding at least an inlet for said pressurized fluid mixture and outlets for at
least three fiuid effluents, each such fluid effluent haying a ratio of said first entity. to said
) seconcj entltydl__ffenngﬁ-om the corresponding ratio in said preésuﬁzed fluid mixture,
each saidt fluid mixture separation element characterized by ha\%ing greater permeability '
for the first entity in said pressurized fluid mixture than for the second entity in said fluid
mixture, further wherein at least some of said fluid mixture separation elements are
'M;’ positioned in said container with a single anti-bypass seal, such seal substantially

... preventing bypass fluid flow in a first direction around said fluid mixture separation
elements h;a.ving such seals but not substantially preventing bypa;s fluid flow in a second
d;recﬁon generally opposite o said first direction, and further wherein at least some of the

- remainder of said fluid rr;ixture separation elements are positioned in said container with

a single anti-bypass seal, such seal substantially preventing bypass fluid flow in said-

second direction around those remaining fluid mixture separation elements which have

such a seal but not substantially preventing bypass fluid flow in said first direction;
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A(4) one or nore fluid inlet conponents for passing said pressurized fluid
mxture into said inlet; and, A(5) one or nore fluid outlet conponents fofr
recovering fluid effluents fromsaid outlets, each said effl aRY 2@8i ng a
ratio of first entity to second entity differing fromthe corresponding
ratio in said pressurized - fluid mxture; Goup B: B(1l) one or nore sources
of said pressurized fluid nmixture conprising at least fifst and second
entities; B(2) two or nore fluid m xture separation elenments in a container
therefor, said ®@g)taicobemort fiaill initk cogpperients dm phssingsaidpresturizeh fluglomixtuygr essur i zed
fluid mxture and outlets for at least three fluid effluents, each such
fluid effl ueninthsaid inig vdenelst said misfturs Hpws thiopghtsaid fiuidmyxters separpiépn clemednd entity
differing fromthe corresponding ratio in said pressurized fluid mxture,
each said fl umwmmm@sﬂﬂgﬂwwmfo@n@ﬂa@wwzwawnwwmﬁb great er
permeability for the first entity in said pressurized fluid m xture than
for the seconderghypassseplsigadhd fluid mixture, further wherein at |east sone
of said fluid nmixture separation elements are ,positioned.in said container
with a single arfiff)l pRpoawere fuidoutle components °"§%‘§?"§%ﬁ“&‘ ‘V’“B?"é%‘ﬂti ng bypass

fluid flowin a first djrection arouyn aid. fluid mxtuyre.separation

el enents havi r?@tl?u?ﬁlt‘ eﬂ&ﬁ%%ﬁ%ﬁ%m plsvoﬁ%@ﬁlﬁ%né f/“ﬁgess f1uid
flowin a second _di.rect.ion generall ite,to said first direction, and
further wher eihr&ponfins, oglosﬁép{)efsf‘ﬁzeed}ﬁ'rﬁgrral ) eargd’of said fluid mixture

separat i on‘«;\,_Jrr ts are positioned in said container wwth a single
anti-bypass seal, such seal substantially preventing bypass fluid flowin

said second di r&G} iofbr ot Bilods BASR prERRLAQIMA olikiiie orflintia b Rash BRAT at i ON
el enments which hgesesagL a seaP&%utp;&Flot substanti al ky %venti ng bypass
flgghd f1ow in gakddoddiehtiifes;di rection; 46 4 MAY 2006 B(3) one or nore fluid

i nt€t conponents for passing said pressurized fluid mxture into said

inl et whereby sa{@y @hedritor fubdimtuielEpatifibn deietts il 4 doftaifidrictefos, saidpar at i on
el ements without- substantial bypass fluid flow around any of said fluid

m Xt ur e separ adohi@ifierddchiding htleast v \inlét Gorisyip prrgnted el mixnde anB Edfersdorluid  nor e
fluid outlet conponents for recovering fluid effluents from said
effluents, each said fluid mixture separation element characterized by having greater.
-permeability for a first entlty in said pressurized fluid mixture than for a second entity in
said fluid mixture, firther wherein at east some of said fluid mixture separation clements
are positioned in said container with an anti-bypass seal, such seal effective substantially
to prevent bypass fluid flow in at least one fluid flow direction around said fluid mixture
C;i separation element having such seal, and further comprising a band effective to compress
said seal, said band being readily removable after inserting said fluid mixture separation
element in said container; -, ‘
C(3) one or more fluid inlet components for passing said pressurized fluid mixture
" into said inlet whereby said fluid mixture flows through said fluid mixture separation
" clements without substantial bypass fluid flow around said flwid mixture separation

elements having anti-bypass seals, whereby fluid effluents pass out of outlets, each such
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outlets, each said effluent having a ratio of first entity to second entity
differing fromthe <corresponding ratio in said pressurized fluid mxture;”
and, Goup C C(1) one or nore sources of said pressurized fl| #iMAYRASUr e
cohtaining at least first and, second entities; C{(2) one or nore fluid

m xture separation elenments in a container therefor, said container
including at least an inlet for said pressurized fluid mxture and outlets
for fluid effluents, each said fluid mxture separation el ement

char act er i zedMHidefHuspt bayingagatiof first entityrie agsond enfityfdiffesing fromtheent ity in sai d
pressurized fluid mxture than for a second entity in said fluid mxture,
further wher eforespondingyatio ingaid prspsugized flujd xwrespnd ur e separation el enents are
positioned in sggg container with an anti-bypass seal, such seal effective
substantial |y &“89%?”%&91‘3‘6?%‘@“1"9‘6?‘6@‘? fohreceverns stdeggtong plsaidifiyidy | ow
direction ar Oéﬁlgensai d fluid mxture separation elenment having such seal,
and further canpt.lsi.ng a band effective to conpress said seal, said band
being readily renovable after inserting said fluid n xture separation
elenment in said container; C(3) one or nore fluid inlet conponents for
passi ng sai'd pregsury i Ch- i i L.d_i.nl.et. whereby. said fluid
m xture fl ows t%?'ougj‘hﬁ’ g%f“gL%M%L%ﬁ%seﬁl@%ggﬁg?ﬁgﬁumé “étlrrlgﬁfpsﬁ%lo? hout

subst ant i al e1dea ihdd L. 4 Ul ] . ration

el enent s havi ng@%ﬁpﬁ%&%ﬁi&&@%%@?ﬂ%ﬁ% y é{%l 85‘8?5 #%‘glrslt?' g%gass out of
outlets, each st brsdd) Amblsmefifiands] ui d ef fluent having a ratio of first
entity to second entity differing fromthe corresponding ratio in said
pressurized f| uhhoflimsficamesmtaads; C(4) one or nore fldid outlet conponents
for recovering at east one of said fluid effluents. Y 26. Apparatus
@or di ng to cl aitmiilstichmdnibeamesypherein a fluid mixture separation el ement
conpri ses. one or nbre nenbranes selected fromthe group consisting of:
reverse(d) osnogicofiaiion membrangsanof i | trati on nenbranes;

hyperﬁhration membranes;
gas separation ‘membranes;

..., Pervaporation membranes; and,

e h

distillation membranes.

v/

27.  Apparatus according to claim 25 wherein said first entity is water and said
Q second entity is a member selected from the group consisting of:
. .. electrolytes;
hardneés materiais_;"
colloids including emulsified matter;
- suspended matier;
microorganisms; and,

\

pyrogens, . .
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ultrafiltration nmenbranes; mcrofiltration nmenbranes; hyperfiltration
menbr anes; gas separation nenbranes; pervaporation nenbranes; and,
distillation nenbranes. J 27. Apparatus accordi.ng to clai m 254Mef2008 sai d
first entity is water and said second entity is a nenber selected fromthe
group consisting of. electrolytes; hardness materials;' colloids including
emul sified matter; suspended matter; nicroorganisns; and, pyrogens. 48 4

MAY 2006 28.° ratus accordi . j £ 1 1l i xture
separ ati on elenéﬁpadHWEFP§@§mgﬂ$E§f ﬁﬁﬁ ?%ﬁﬁﬁﬁaéﬁﬁﬁlﬁﬂﬁgﬁ?hs
according to cl.aim rein at | east one of said fluid mxture

separ at i on BPEHEHPE? \Wug‘gnﬁn CONt ai ner i s characterized by having a greater
perneability for said first entity than the perneability of another of
said fluid m xture separatlon elements in said container relative to said

first entity. 3Qg ScoRRRR iR 25 An&liRiiRad Ded¥dTesie Biflid sddnge ONe or nore
fluid control*c@npen ts within sald container effective for varying the

quant i ti es QfaalonEAshs i Wk QhtaR@iishiacteri 8PS halihi £ gredirpbrthesbily oent s and/ or

for varying sard ratio of first entity to second entity in at |east two of

sai d ef fl uegisark #3508 PEmEbIlRT enolfRFdTRAid fsid Inbaire stpdratiomeknentsgn oup _
" consi sting of novable dividers effective for dividing an effluent in said

cont ai ner i gfidcoRi@iner réliee to sad\indobmityout | et s effective for dividing an
effluent in said container into nore than one effluent.

'3 Apparatus according to claim 25 wherein said one or more fluid control

T TR cEald

components within said container effective for varying the quantities of at least two of said at

lmst three ﬂllld eﬁlumts and/or for varying said ratio of first entity to second entity in at least
two of sald effluents includes one or more members selected from the group consisting of:
| movable dividers effective for dividing an effluent in said contamer into more than
one, efﬂumt; and, ) ‘ : _
movable outlets effective for dlwdmg an effluent in said container into more than one
effluent.

e v

31.¥ Amethod according to claim 24 wherein said method comprises the set of

(T

. steps of Group A.

32. A method according to claim 24 wherein said method comprises the set of

steps of Group B.

33.. A method according to claim 24 wherein said method comprises the set of

steps of Group C.
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31.. /A nethod according to claim24 wherein said nethod conprises the set
—Uf—*sﬂ?ps—of Goup A . 32. A nethod according to claim24 wherein said

net hod conprises the set of steps of Goup B. 33. A nethod acamaV s@st 0

cl ai m 24 wherei n sai-d nethod conprises the set of steps of Group C 4° NAY
. 2006 34. Apparatus according to claim25 wherein said apparatus conprises
the. conbination of conponents of Group A 35. Apparatus according to claim
25 wherein said apparatus conprises the conbination of caonponents of G oup
-B. 36. Apparatis apgglisageokdingab eliim 23 5vhwiisised apperaiud canppss #€us conpri ses the
conbi nati on of conponents of Goup C. 50 - :
' combination of components of Group A.

35.  Apparatus according to claim 25 wherein said apparatus comprises the

combination of components of Group B.

. 36.  Apparatus according to claim 25 wherein said apparatus comprises the

combination of components of Group C.
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