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VETHODS BACKGROUND - There is a great world-wde
demand for purified fluids, one of the nost commercially 5 i mportant of
whi ch is the producti MODUEARFILTRATION SYSEEMS ANDMETHQRSwat er. Asi de
from distillation techniques, such demand is commonly satisfied by
filtration. There are many - =~ types of filtfation, including reverse

osposis, ul KidrOEND on and hyper-filtration, and all such

t echnol ogi g@ﬂ?‘%ﬂ%‘pl ated herein within the generic term "filtration."
Most filtration units consists of a can containing a filter, and three flow
pat hs 10 communi cating wth the ,outsjgde worl .One fl Rat rri a
féed fluid, anottére EPP@W%XPH‘Q'WIQC de‘_““&dagf P&%ﬁ?‘f‘i“_ﬁ‘%:é’ae pf e t cgififictclally
produc{ ), %ﬂ,goflaﬁtf&'f hid iQ‘fY%eqﬁ-BJIhc@iéﬁ of &8st WhtBfrot3hlgylor BrackesHPWatBE SAside from
also referred to as waste fluid. I'n the case of reverse osnpbsis units used
for purifyidigillation techniques; fichidemand is, commorfly satisfied byifiltestion. Bheretgee masicki sh

L o i g, e S A B
general |y, &&“nblbgﬁs%rmn&égﬁ;?&@d el WithinThe YensRPREA! Filfrhtiddat i on units
I near

di sposed on 0 groun evel. The feed, filtered and waste fluids are
carried by three ™ separate pipes, respectively, -and each filtration
unit is fluidly coupled.to each of the pipes. . ' r other
line. In such erM_Bﬂi : ?ﬂ?“‘l‘ﬁé?’éﬂ'ﬁ? _a‘é%‘s‘{%@?ﬂuflgg Lty g&#%@%?ﬁhghe
varioyg fil _aﬁ:ﬁ&thag!wi& 0 Gifsideividild. MOne i b&h carkiee a fewdi fuid, anothet fowpath
mechantcal Iy 20 - i sposed nore or. less in parallel, and_the various

nenbr anes araerids| filtertd flaid {ioopraduct), pad a thiss flov- path carriesTrigct wehich 15 soR)etimes

advant ages to sych .,an _arrange t o NOt : Al F S &?%‘,in
i ndi vi dual also & erred 10,85, e@g{?ﬁgﬂ&c%%%%ﬂreg%rgé?ﬁ%%%%ds 5h1 F8servi ce,
whi | e the rgaiRtRitenthd f2ed Siidtvasild be the bradkishumadd the tfitidred fluid would be -

U.S. patent no. 4, 125,463 to Chenowet h fol lows this same strategy, except
that hi s 25desalinatedr(fresh) waserewhile thewrstesfluid souldbe salty Paterper neat or

assenbl ies) are disposed in sets of five about a conmmon riser pipe.
This adaptation allows for hundreds of nodules to fit ) )
15 Filtration plants generally include a multitude of physically separate filtration units

. disposed on or near ground level. The feed, filtered and waste fluids are carried by three
separate pipes, respectively, and each filtration unit is fluidly cbupled to each of the pipes
usiné é hose or other line. In such embodiments, the entire system is modularized, with the

| various filtration units compﬁsing the modules. The various modules are mechanically
20 disposed more or less in parallel, and the various membranes are fluidly disposed in parallel.
There are many advantages to such an arrangement, not the least of which is that individual
modules can be. discomecféd from the systén_i for service, while the reméindef:'of the system

is unaffected.

_ US patent no. 4,125,463 to Chenoweth follows this same strategy, except that his
25 various réﬂ/erse osmosis modules (éalled permeator assemblies) are dispdsed in sets qf five
about a common riser pipe. This adaptation allows for hundreds of modules to fit
conveniently within a single well casing. Here again, however, there is no teaching or
sﬁgéestion of any sort of super-mﬁdule which could encompass sets of five RO modules, and |
which could be arranged serially. | o



conveniently within a single well casi ng. Here again, _however, ‘there is no
“teachi ng orwg ogiq¢33s suggestion of any sort of Ssuper-nodul e wecriusosrdsds

enconpass sets of five RO nodul es, and whi ch coul d be arranged
serially. WO 98/ 46338 ' h
PCT/ US98/ 07383 ' _2. -2 -
Still other disclosures suggest the creation of a deep underwater housing

for cont &i.ni falirati . agal “{,'RE.]{H&Q{"&. L are
cont enpl at ed to%ﬁlg °p ygil‘gggﬁs%é 8‘&8@% [ saﬁlgseggrcrlg% ess In Egcr?ral | el
whi-l e the febhthidirg filtatiGpmotdlps. 20t dgainDthe imbaduits iredtonpemysiated to be physically
parallel. 5 o . The_ known arrangenents of dyl es .are. not, .
however, widispesed morgior lass in pagalleb yeule the filters ays contemplat tohe gty disposed in
paral |l el r%g%}rgps consi derabl e space, and when placed on land in a

comrer ci. al diment often requires a relatively large "footprint." The
Chenowet h type concept of using a deep well nakes relatively good
use of space, but is inpractical bhecause of t he vast, pupgber of

i nt er connect i ondhekgAVR @Fangemepts OfHQQMQAR‘FI@hPHEVFfP\IWE%? ir [imitations.

In the pre ] YoM by i ter
contai ni ng%&hohﬂé%gﬁﬂgg{&lg? %%Eﬁqgggsa@@g%ﬁg#%?? F‘%’*&‘:’gﬁgﬁ’%%d}@ lggirl}ags,
whi | e the fecomh@idalentiodimen often tdgaires a relativelyiarge tfootprintt) dTlHecGheaowethityped| y
coupled with the feed, filtered and vvasﬁag fluid

| owpat hs.in" .
paral | e] . concsptofusinga deep.vﬁg][m@}ceg Fpéa% gqﬂdfupgpémagg g:gglis fmpractical because of

cont errp1 at ?ﬂeva%ﬁﬁ:%h&{r% Heb e OitheRB 'r@:}}dﬁﬁ.' advant ageously contain not
only a filter, but all three owpat hs, so that a series of coupled

nodul es can be i.nstall ed, accessed, and renoved as.a single unit. It is
further contenpl _ oupl ed nodul es may be depl oyed in space
ef ficlent RUMMARY, QO THE LV K on into a deep- or shall well, a
tower, along the ground, into the side of a hill or nbuntain, or even

In the present invention apparatus and methods are provided in which filter containing
pfoduction modules are mechanically coupled in series, while the filters contained in the
production modules are fluidly coupled with the feéd, filtered and waste fluid flowpaths in
parallel. ¥

15 Amorig- the many different possibilities _contemplated, each p;oduéﬁon module may
| advantageously contain not'onlj' a filtef, but all three flowpaths, so that a series of coupled

modules can be installed, accessed, and removed as a single unit. It is further contemplated :
that coupled modules may be deployed in space efficient manner, such as by insertion into a

, * deep or shall well, a tower, along the ground, into the side of a hill of mountain, oreven

20 - under a road or parkinglot. It is still further contemplated that adjacent production modules
may be designed to mate with one another using a slip fit joint, and that the production
modules 'may'be. maintained in mating relaﬁonship through connections to supporting cables

or rods.



20 under a road or parking lot. It is still further cont e I.-ated@%gt

adj acent proEMMFBY nodules . .. may be designed to mate

another using a slip fit-joint, and that t he producti on .~ nmodul es may
be maintained in mating relati onshi p through connections to supporting

cabl es : or rods. W6 P8/ 46338
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BRI EF DESCRR[EF(DESE____R]EMEEDRAWH‘JG © Various objects,

features, aspects and advantages of the present invention will becone
nore apparent fromthe follow ng detail ed description of preferred

embodi Ment's, i Nyarjgus obj ectsOEdg.Hﬂ%st, B@@ct‘é‘aﬁﬁ‘a&d&ﬁta@@s‘:&fm&lﬁﬁéké}ﬂ uﬂfeﬁﬁbﬂ"ﬁﬁl beldd e| n :

li ke numeral s represen onponent s: FIgure

a “expl odedmsreuppatentfroh the fdllbwing demledydsme:pnan obprefenpd embbdimentse frent

i nventi on. ure;,2 iLs a h.e t|c of a preferred

enbodi nenthwur&ﬂ%wﬁhﬁs%%ww frawings. v numegésc B hﬁ‘ﬁ t he

pr eseRt 'nc‘!d?ﬁﬁ gﬁqu : Figure 3 is a three di mensi onal parti al
cutaway of a manifold of a production nodul e according to the
present invention. .- Figure 4 is a schematic of a preferred -

enbodi nent of bv.e iltrati ste according to the
present inventi N atx fége‘b@hﬁﬂ“ﬁ%‘b"&@@ﬂpﬁf accor mgtotix eSent
inVention. '
- Figure 2 is a schematic of a pfe_fefred embodiment of a well-based filtration system

according to the present invention.

[}
l'["

10 Figure3isa three~d1mens1onal partxal cutaway of a ma.mfold ofa productlon module

accordmg to the present mventxon

Figure 4 is a schematic of a preferred embodiment of an above-ground filtration

system according to the present invention.
DETAILED DES ON

i 5 “In Figure 1 a filiration system 5 generally comprises a plurality of production
| modules 10 butted end to end. Each module 10 mcludes tbree lines, a feed line 12A, awaste

line 12B and a product line 12C. The various lines are ﬂuxdly coupled to filters 14 via shurrts
16A, 16B and 16C, respectlvely In general, feed ﬂmd flows through lines 12A. and 16A to
filter 14, which separates out waste and product streams. The waste flows through line 16B

20. and into line 12B, while the product flows through line 16C and into hne 12C. Thelines
12A, 12B and 12C are coupled from module to module so that each type of ﬂmd ﬂows

. through all the modules in the senes



15 In Figure 1 a filtration system5 generally conprises a _
plurality ofwooysadsssti on nmodul es 10 butted end to end.pcdaagdvsinsisl e
10 includes three lines, a feed line 12A, a waste . line 12B and a
product line 12C. The various lines are fluidly coupl'ed to filters 14 via
shunt s 16A, 16B and 16C, respectiyely. In general, feed fluid flows
t hrough lines 12A and 16A to filter 14, which separates out waste

~and d A |
08, P e e 18 Flemef 25488 1054 A8 od PEHE Bl RSPl opmect B el 17
12A, 12B angefénéd enbodimeit dibré, Feud meiulzﬂAtsmcmdsdl@ of Brackigh wate fis driwh bf

fluid fl ows t hr ough aII the npdul es in the series.
98/ 46338 pump 133 up through a supply line 131 into a well-based reverse osmosis production plant
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In Figure sys tgrmlﬁ%then ﬂs°é”§r%*°tw6“”|%?‘°‘é%ﬂ°‘f’% At 134‘% qggteralég 8 1él(ietlllg’ns

usef uls f or which separates puefreshrmie@mm t20C froirieﬁﬁte Waendlm €Thelf?ddh wakgh as
salty or brackish water is drawy up through a supply

line 131 .mﬁuatmqﬂ%\&%waré%ﬂlgwpﬁbr#%%obql@aeéwopﬁmed YPumP135Fee|d
100 570 W patef [ 20mS AURNGE ardif Ul WAl Holdeh 34R0ad 5 Wthalils SR ©

120B. The fisysteth Swa4 tite 150. In this mamﬁu,ahe‘lﬁﬁﬁsiﬂodu&s t phvarednécharitallyhhectsddfy t 0
e water_120B fl ows

hol di ng t ank 140 b 135. WASt
upwar dg. et e fflwﬁaba%/ﬂ?@ s”rgeonmepd. ig panaglehqee?aj@fe t¢ thsHuidhHowpaths
systemS Vijay AI fﬁBlgﬂdlﬁthth' s manner, the various nodules 110 are

nechanlcally connected 1 n series, while the fluid filters 150 are
connected in parallel, relative to the f1 ui d flowpat hs 10 - . 134A, '134B,
and 134C.

| [ h ks 111
and a transiti oﬁ‘l?ﬂ)‘gﬂftéatida’ééj\}WE are £ head e&sgi;?{; g%&%@%@&?ﬁgg%
production u‘iﬁﬂ%&%eﬁﬁ&nttﬂ@ &Hﬁf)@ﬁ%duétfon'n%odﬁﬂéslahd fcﬁérstum& It is still

contenplated th adj acent  production nodul es 100 nay be designe to mat e
with one contemp riadjagentproduction moftules mﬂ may bmdesxgmdwmx)meamm ofeat t he
producti on nodul es i,hed, 15 ' rela . onshi p t.hrough
connect i ond"? %‘HB‘&&%‘WEFS‘J%‘&H]“&@S@W@&Q that the pmé nmodu es H’r"' tained
i || usty at esn matifgelRiodskp GrididhCdbniBetioReta N uppetfind Eatdékoreads. of a pr oduct i on

'Figure 3 illustrates a manifold 210 which may be placed at one end of a production
module to mate both the adjaceﬁt modules and to mate the various flowpaths. Among other
things, manifold 210 defines several channels 216 through which a feed fluid passes (see
arrow 206) from a feed fluid supply space 134A (see Figure 2) to an internal flow space 200,

20 before flowing onto a filter (not shown). The various channels 216 are formed within ribs
' 217, which also serve to support a pipe 260 defining the product flowpath. As will be readily
appremated the waste fluid flowing past the filter(s) in module 210 ﬂows in the direction-of
“arrow 208, and thence along path 134C (see Fxgure 2).

In Figure 4 system 305 illustrates an above-ground embodiment generally in which
25 feéd water 32__0A is drawn by pump 333 up th:oﬁgh a supply line 331 into a prefilter 335and a
' " work exchange pump 336. Feed water 320A then passes through supply line 331B to two |
production units 310 via feed fluid flowpath 334A. Once inside production units 310, some
of the feed fluid 320A passes through the filters 314 to form product 320C, which is collected



rmdule to mate both the adjacent nodules and to nmate the various fi owpat hs.

Anong ot her wo.98/46338.t hi ngs,- nani fol.d. 210 defines several chanRETASBEF383 -

t hrough which a feed fluid. passes (see_ arrow 206) from a feed.f.l uid
supply space 134A (see Figure 2) to an internal flow space 200, 20"

before flowing onto a filter (not shown)..sThe various channels 216 are

formed within ribs 217, which also serve to support a pipe 260
def i ni ng thﬁ SaféPﬁSngtRWB@éhm%% e/!ﬂob hén n6Rshy eavity o holdiag Rk 340! qHe t he
vvasteflw ovmng st the ter(s) 1n nodule 2 | ows 1n the dlrectlon
of ﬂ\lilﬂ@\’hlélﬁﬁxls tonphss ﬁmm@fdtem@,lﬁobacmsw@w ﬂw mgumd ig)carried along

uhi ch 25 Sy e sn el e G oINS O b TS0 1 i ve
331 into a pEldinbalo uﬁﬁn@ﬁdse@tmns of one of'the 'ﬂo@?ﬁﬂﬂ's‘ﬂﬁﬁe MeQQﬁld th\at er

320A then passes t supply line 331B to productlon units
310 vi g fee3B4A)us dxspd»sadlibat\ﬂelenﬂ&étmd\ﬂmﬁdOl iad outer casing 3%0n Qfivourseother sone

\a;ﬂ I': Eei fseggggl 1%51:% grAé g)scso%%errgpq%\@l 818‘/"5.‘85 éf It1|o;1se 5 on%lo% miote Elﬂfe%n? rﬂ%g/%gtths gr%o C
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_ whthgl the modules 3 - 5-
I n product owpat 34C. Pr oduct 320C then flows by graV| ty to hol di ng
tank 340. The . fluid which fail's to pass through filters 314 becones

waste fluid 320B;, and is.carrie on flo t 3 N

expel | ed fromt hé E’P@ﬁm%ﬁ?p}sﬁﬂﬁﬁ’?h&%@’?ﬁiﬁpﬁq ' ﬁ&"’h@&dﬁ&ﬁ two to
enbodi ment @hitODF0, Wfith@aeh flodhétRnfunfvdd a’eﬁsl ragging frofraboaeld
fluid rovvpgé Rﬁgﬂwﬁo&c&ﬁl s di sposed between tnhe nmodul, esy( 310 gand an outer

casi ng0390. feef toabouts2d feetindength. The outerisesingrisrefersbly abogh3 Linphesp dismsger; bt
W{ ﬁ Ih ns ,? ﬁtel %B}Si ﬁ&@? ne Oli i eegredatgrfo? [e%?er dgaﬁ? \%}Qtarﬂﬁ m faT._tr have c?%s lég@tﬂms

yStem a gur e

cont enpl at egmkOthah ?ﬁxﬁﬂaﬁah’ed upohedRting Anee) Sﬁcﬁ B @ysténtis é:@ected to prodide abbuuﬁ)r e
production units 310, with each production unit preferably ranging from

about 10 10millibagellans offssh watsr prather produch uid. Per Y- out er casing i s
preferably about 30 inches.in dianmeter; but may advant ageously have
greater or |lesser dianeters, and may, in fact, have cross-sections

ot her than roundAdmﬁadmﬂ@oeprefénedgsyiteﬂnsammhma;cweapphyzd:lletuthspmgéct ed to

roduce about 2 mllion [l ons .or other jproduct,
F | ui d 1[5er dinyentive subject matter were dlsaosedr}n V86 §£/83ﬂs wiu is {ncorporate erein in its

entirety. Such details relate to favored types of pumps, favored dimensions of modules,
favored orientations and placements of the system, favored filters, and so forth. Particularly -
contemplated are embodiments in which the pressure needed to operate the filters is
substantially provided by a pump or a column of liquid. Positive displacement pumps are

20 favored for this purpose, especially where such pumps are incorporated into work exchange
units. 'Colhmns of feed fluid are also'favofed, especially where the column is at least 200 feet
deep, more preferably at least 500 feet deep, still more preferably at least 1000 feet deep, and
still more preferably at least 1500 feet deep.

_ " There are, of course, -inmimerable other modifications which can be made that still fall
25 within thé generél concept set forth herein. For example, In Figure 1, all three fluid lines
12A, 12B and 12C are shown as contained entirely within the production modules 10. In
alternative embodiments, however, any one, any two, or all three fluid lines can be disposed

outside the production modules 10. Figure 2 is a case in point, since the feed fluid _1 20A



Addi ti onal detail s of preferred systems V\:hl ch may be appl I cable to the
present . 15 wo dsié83y i ve subj ect natter. were di scl osed i n" WO .POBUSBHLIEB3
wWhi ch is incorporated herein inits , entirety. Such details relate
to favored types of punps,. favored di mensi ons of nodul es, f avor ed
orientations and pl acerrents of the systerg. favored filters, and so forth.
Particularly contenpl ated are enbodi nents in which the pressure
needed to ‘%ﬁth?, UbS t Gy | np
or a col urrgg‘% ﬁﬂtﬁo &%’%Asls?ﬁél\f%% 3 aecselnlw?hféiourrpg&at%&e(Hg)gmébql?‘§J ﬁtg “f‘égr
this pur poeasmgeslmeﬁieahio;hfwhmm ﬁluaﬁoxpsymmeordmgao ferinventive stijectmatter
exchange . Columms of feed fluid gre al so favored, especially
wher e the %Qﬁ*ﬂcﬁt"s‘i xa g@gpﬂ%ggetg@guramns andcﬁ m%réorﬁ%%ka

| east 500 I eggabi%m? t nd
still rmreingfb?era yé&aéts%seastﬁ)fgg%;e feet of sfidit mﬂ&o&éﬁﬁt‘ngeﬁggpg are,
of coyrse, clroimuABoaSybtemtmmberphhe& iabantei gmmd;\below graumdppartip deovetand pattiyl |

fall 25 V\nthlnthegpeflal co d%t set fort h hereln For exanple, In
Figure 1, bglpwEround, ysrt 333’? d at anyang S¥FeR2C are shown as
contained entirely within-the product i on nodul es 10. In alternative
enbodi nents, however, any one, any two, or all three fluid |lines can be

di sposed It sbauld alse belapprpcxmddldtatﬂlefmhlmaﬂs and)proﬁuqlﬂm?d@ansraarme in

g(él_r/n bsgg} 83%%@%? eo sf egxcrix, faxll ul]dee considered i in the most genera? sense. 3lgor: example, feed 6 -

flows in fheaRadybel@htintiied dh nB@inDHbleqBanld fory sm8ll amBakt¥FRBmbivA sARLHES

110 and the well casing. |n other nodi f| cations, filtration systems
accorldi ng tmay bhbeavniv@nmamasw&aﬂ mmmrof organic, inorganichdissabvedias suspendedgr eat

vari ety of |ons nd, di s ons For ex

may be con?q(i W&?‘ﬁgﬁ on gystem m?%?ﬁ?ﬁ eoeﬁngei%@%ﬁ%gmyge
even in a fddrtaa s@dfondéy ﬁltrﬁidn@yﬁem"ﬂsﬁig mg&sﬁﬁmmmﬁmhem ré§ererogr ound,
bel ow ground, partly above and partl bel ow ground, vertically,

hori zont al fillration of dietagn u@mgpeha&prme\mnthewaste fluid may have considerpblel| d” al so

be appreci at ed |

ystom t o Syuree vl s o (bR ot ety EARMY e S 88 (AL prHBRK SfBea
exanpyse, fﬁ&dae especlally;ftﬁalld.xreﬁe}s bmlmmm@mmmmmem@mm a
very snal | anount of conmpp salt, or be heavily contam nat ed

with all n¥Ateeer @hﬁaﬂl&%wmcnlwogameeal Y&%@?‘ﬁao@"les uspended

Thus, modular ﬁltratlons systems have been disclosed in which modules are
mechanically coupled in series, while the filters are fluidly coupled in parallel. While specific
| embediments an& applications have been shown end described, it would be apparent to those
20 skilled in the art that many more modifications are possible without deparﬁng ﬁ'om the
inventive concepts herein. The invention, therefore, is not to be restricted except in the spirit

of the appended cla;ms



solids. Simlarly, waste fluid in a desalination systemmay not be entirely
“'waste, but wapsMe3d8 .  fed.to.a secondary filtration syst &I gher
pressure. Still further, with respect to filtration of dietary .
fluids, such as orange juice, the waste fluid may have considerable—
commerci al value as aninmal feed or fertid¥zer. Along the | t he
product fluid need 15 not be especially. pure. -Purenessﬂ"WH@HjﬂMﬂ ﬂw
sonme systens may be utilized that produQELAIMS ~  water or+ okh LU
whj ch are not generally considered potable. ' Thus, nodul ar
filtrations systens have been disclosed in which nodul es are

nmechani-cal -COupl. LN series, while the filters are fluidly coupled in
paral l el . WH‘EE@%@%F#‘?C enbodi ments and applications have been
slfown and described, it would be apparent to those 20 skilled in the art
that nmany nore nodifications are possible wi thout departing fromthe

i nventive donceptmodiardilrationysteRy QMATING: t her efore, is not to be
restricted except in the spirit _ of the appended clainms.

1. A nodul ar filtration system conprising; a feed fluid
flowpath, a washéedd fluiid fibivputhpa Waste fididaflqwpath) ahd & iposinat fiowpath; a

plurality of production nodul es, each of which includes a filter which

separ at es a first fluid inthe feed fluid flowpath into a
secondg fluid in ; including bR ABGuEs medtahicdlly | 1 ud
in the product F%ﬁﬁﬁg%@ﬁf}&mﬁmes,%ﬁguécflg ﬂétion ‘modul es drins osé:d}t

Wit hi-n an outer c asoupled wogetherih sevigsaareithe filters fluidly coupled jnrpachilet rebative to
nodul es are nmechanical |y coup{_@déf'lon series and fluidly. o

coupl ed in parellel pleatiopeotigeowpe one of the waste fluid and product
fl owpat hs; and the feed fluid flowath, the waste fluid flowath and
the product fluid flowath - substantially parallel to one
anot her t heoughd@he system o clginh 1 ofhergim thepirodugtion modules each contain gyestion of eagh

mdul es. 2 THe SYFKSR Sl hEl"hch MSLP DR, P Oduet i on modul es each

10 3. The system of claim 1 wherein the production modules each contain a section of at

least two of the feed fluid, waste fluid, and product flowpaths.

4, The system of claim 1 wherein the produbtion modules each contain a section of at

lea'st one of the feed fluid, waste fluid, and product flowpaths.

s, The system of claim 1 wherein the modules are at least partially disposed above
15 ground level. ' ' o

6. The system of claim 1 wherein the modules are at least parﬁally disposed below
ground level. o |

7. The system of claim 1 wherein the filters are reverse osmosis membranes.

8. The system of any of claims 1-7 further comprising a pump which pressurizes the feed
20 fluid flowpath.

-
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each of the feed fl ui d pfdduct fl owpat hs. 3. _' The
.- system of. wvelmés‘{shem"uﬂmﬂM“lwmen nmodul es each- cont-ai pca/usesH13eh. of
at lLeast two of the fedd flutd,"waste fluid, and. product flowpaths. 4.
The system of claiml wherein the production nodul es each contain a section

of at least one of the feed fluid,gwaste fluid, and product
fl owpat hs, 5. The systemof claim1l V\?]erei n the nodul es are at | east
partially dgispo gsf'kli@x‘{ﬁf £ claigs @\ ' : o . claiml
wherein the rmdzfﬁes are a%n.yloegsatlﬁ%grtl_a ﬁ&%ﬁ@%g&%&?gﬁvﬁﬁm&é‘r"gund
| evel . 7. - Theesswyizeethedéedfluid flodpatherein the filters are reverse osnosi s
menbranes. - 8. ° The system of any of clainms 1-7 further conprising a punp
whi ch pressurizes the feed fluid fl owpath. 9. " The
systym of gy Cig Btchn 6f ry! dt@laia® fuﬁh' hét% 1d'ad) lih b
pressurizes the feg%stfl ui%lr}y]Elov?/E)atEI.a/r 1 & oﬂwﬁ%ﬁé&%@n@%ﬁgwg}ﬁgﬁgﬁ 1-7
further conpri sthedeed flhidifivwpethunm whi ch pressurizes the feed fluid
f I owpat h. ' :
5
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