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METHOD FOR TESTI NG SEPARATI ON MODULES FI ELD OF THE
| NVENTI ON The present invention pertains to a nethod
war@em2@ervi ce for evaluating the integrity of BCT/US2005/027132
separation nmodule or filtration system The nethod of
thi s invention is particularly useful for spiral wound
erf Itration nmodules and systems conprising these

ETHOp d’&l ST G A RSO EWGHS of the invention inprove

capability to detect |eaks, and are useful for quality
teﬁi ng Ez ﬁggl e manufacturers. One enbodi nent al so

FIELD an installed systemto be located with
no interruption of service. A preferred enbodi nent

AGfe G &bﬂﬁﬁv@rﬂi‘%n?@ﬁﬁhﬁ £ Rbtho8 3K a \Wb¥ibé for %vﬂﬁ&’d—ﬂgeché’ r
wthin afiltration system u3|iri}g a non-destructive

integrityeda. seRA@iERAOYNDE rag/ﬁlélraﬂpn sysmm ohh¢ mealomoé&esmvmrlelby
su i S applie em er nmea
particueREhE o 3n 8y reBr SRRy R P S i mese
moduldsh R teéthRethRERT ARESinWtoR idipEodle Ehpabllal &@ tetact3&dks ) anldsire
retai ned. To overcone the natural drive for solvent to

useful fpsguality besting hy swdelermamacireso Qﬂegﬁmbgéﬁe@ﬁ elsaefleyws laakein
. I { [
o S LR TUS USRS QAL & HOERBLL o
determinRt efedbeativa ifleakyvithin' armvseuﬂe er ws‘stmrsa ﬁ].tratl&o Sysfent, peHE R
of this specification, hyperfiltrati on enconpasses
non-deffigiive &5kr se osnosis (RO and nanof Itration (NF)
processes. Hyperfiltration menbranes are nost comonly
BACKEFRSUND a spiral wound configuration, as this
configuration allows a | arge amount of menbrane area
to be packed into a snmall volune. A typical spiral
ypedfiltratien ie a(pzqcesswtlenehs preasvé@wu aunplm% to one sidge@f @sembr e

perme LB a B P 28 S0l P B EG BR bf ERL fEhone
while alsdfute (VRhCRAR) {s%taﬁ@&p Tb $@eicee genemarhl dtiveeot sobgilt &
menbr ane sheets (10) surroundin rﬂ%%a perneate carrier

move ﬁsqméqw caneentration; tg h@l@mwﬂmlov, appligd pyFsswe st erceed the

osmotli; ?E)Jg ?Lh'g f‘%gtﬁfsm%:spgytpg et Wﬁ’ﬁletgallé)l” % ZCS%H ]gltséiﬁfer@&ggéably

with “xevet@é S5pgos(s?) M@U@o&mmﬁs Bpaﬁ{écaﬂoh I}g@bnﬁbunattomtme@ﬁpasse};
at the perneate carrier é\geet (12) isin fluid
both re(Y@)fﬁ? aeposis (ROkand nangiglation BK) nIaeesseiy t hr ough t he

perneate collection tube (8). Construction of spiral

‘él@%ﬁgﬁlffggéﬂ ﬁ%m'b?an@?%‘é%cps? dorhitohRAlsed th é&%lﬁa’ﬁvoﬁﬁlﬁ
642, 5,68 and 6,632,356, which are

configiragar, po thas amﬂgyratleh eﬂe‘ws e Jaxgq: gmomt S WmEbrarR; agea to be packed
into a sn?eﬁfvoslunqg kq%lg ps£)1ora | v%al}.n% c?u\ive &) iS1 tust?a'%é’d 1(112P6g 12 8é)ne or

more membrane envelopes (4) and feed spacer sheets (6) are wrapped about a central

permeate collection tube (8). The envelopes (4) comprise two generally rectangular
membrane sheets (10) surrounding a permeate carrier sheet (12). It is usual that this
“sandwich” structure is held together by glue lines (14) along three edges (16, 18, 20)
while the fourth edge (22) of the envelope (4) abuts the permeate collection tube (8) so
that the permeate carrier sheet (12) is in fluid contact with small holes (24) passing
through the permeate collection tube (8). Construction of spiral wound modules is
described further in US Pat Nos. 5,538,642, 5,681,467, and 6,632,356, which are

incorporated by reference.
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operation for feed and perneate. The direction of feed
flow (26) is fromthe inlet end (30) to the outl et

W@ e@poato)1 end (32) across the front surface of PETES2005/027132

menbrane (34). The perneate flow direction (28) is

approxi mately perpendicular to the feed flow direction

gaege zlirﬂ'dvﬁf iadtiglal reprleosnit ﬂﬁidpgrcﬁdﬁdat\te]omdltdcﬁms\/(aﬁyzso/ilﬁ h

etails of constructi an in itions
operatipp, &grfe%dy%}d&ﬂms%r The digecdignaf foe %@ @6k Qiﬂr%ﬂml@lﬁf end
e

(30) to\‘?l%@lgl Hl‘gfsegt ee Ej‘itzz g&?ﬁ fhk %%n%ur%c%r?g fgg%‘rﬁ% B8y, B
permeat@ﬂomdmeeﬂord(és) 'fsaa@prcﬁ(rmatallymeqienémdla( B0the fezd dlotw direcéinnl
(26). T qbraE oY SAEAPS LUASPLY G AHATS Of U udigl 5 Opetating
condlthﬁé QGhder @ﬁn&aﬂ Gbéﬁﬁﬁg’ cdndfioRSEmbaABHife demelistitaifel | NE,

wher e ten% approach zero, to a maxi mum velocity at the
VeIOCItwe ofifd 6 en/sesand 1?8pfn¢9é¢ velogities mretithedubenfd). Qfemésﬁal Feed

velocieds BEGFpss o Alenf i 4t Bice e BBORE oo RE N i
to the péBméale SidaNFosPiveR convbrubdd Mvdules pertrdhteRibchies smitkiryed
in series within a pressure vessel (40). Pressure

increasg dipgethe bagloplup dine, Wesre they appraagh swo.1e e masiaEmAglocity at the
a@@ﬁl%l ng feed axially through each of the nodules (2)
I'n"series and at | east one additional port (44) for
renovi ng perneate sol utions. Perneate collection tubes
(Spjrat woumchnhpéldemare rgenhrhlbspl@@d iaside pha exdhdhiyal pressure vessel

i nt erco nect o avi n | east o0 er neat a
for opcqaligy, LG Brifiact 16 SoBTabbait LG AT Sy o es
(2) maybé BbibRed BS&Bles (vitlin Ilfl%su?é"\%sﬁéﬂ (409S PeesSiire bBisEls (40) have

speci fication, a vesse ermeate col |l ection region

ports (4%49) anrsitiucests fmhmsmg fired amﬂlwélumdglueayb o ﬁrermedlées (2)in

seres gy P R b RP R0 bR P oS GRL I ke
couect@el&@[se@,r(& fr&%)ad}awu@laddwesj(w) die foiR& BiEiateecdnbites(#6rhaving

tube (8) to a vessel end p (54) to allow perneate to
at leastepietperrheate eegk 48),)ang thyy atiost 15do YpRERIMARONTIENS MogHigrwithin a

s SR GIPEE 39,0 BRNaLla i Bl AORSH i
(50) intlypéesotit vohiate suaouidedtbyrpermeatd celfrction tubesi(®lin series, their
hyperfiltratjon nodul es test

intercogpedars {46}, 4Kl thel srecdniares 8o Gesshadavies Bbpiafy
join a leéte %Bﬂéb%ﬁ niHd (Eﬁrozags? SQHOUa"l’l'o{V)i)eﬁﬁee{té py&if @

ays or nont m hutes A1 Cus easur enent s
vessel.) G\ pressumel eesseidaan be Gurttier c«zmblnedhat sesippoparattel with other

teadi/FSs For bragftr%h vvatter nodul es, a comon
PresSugeyepse BhTas 198 S{H“Rppl i ed pressure of 225
psi . Seawat er products are typically tested with 32000

npmtg{a@l tBdtAn A FRRREs OF sif mh@ hoperBRALipS inodfiek tgkec’ s

NF270 nodule is tested at 70 w th 2000 Veﬁlm I\/g§04
modules individually and specify a salt rejection a er 20-30 minutes. le small

perme

changes in performance may actually continue for days or months, the 20-30 minutes
allows measurements to be made under conditions that approximate steady-state. For
brackish water modules, a common test uses 2000 ppm NaCl and an applied pressure of
225 psi. Seawater products are typically tested with 32000 ppm NaCl and an applied
pressure of 800 psi. FilmTec’s NF270 module is tested at 70 psi with 2000 ppm MgSOs.

An “intact” module, without membrane or construction defects, typically demonstrates
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An "intact" nodule, wthout nmenbrane or construction
defects, typically denonstratesbetween 0.3% and 3%
woreoosmeaisal t passage in these standard tests.PSE/NEM05/027132
hyperfiltration allows some passage of salt through
even intact nmenbranes, these tests are not especially
betweea @i tahd/ é‘%tma)tlhmnnmmssagp ircthdssf wanderdt thsts. Himge r esul t

dul e construct 0 Fyrth ev
hyverfyrginapy sue Agseeoioneatoee en et s PRl ae
not esp@élgl‘ﬂl SsiiRe 'tc?‘fh‘érnﬁ%irés@!@p@ Aefeb that By és&mﬂrﬁ enodluled
defect. As indicated rows in there are

construstive pmlblqm tHuﬂLhBIa even Wémﬂmgh sdgp@ﬁ@eﬂwbqe@féﬂsthm sendped

w 1.Qn ack (60) and sides
tests pr?’@’geélﬂ)m%fm%ho ?lﬁ@g)t%g)rg%‘?rg '?l}éfréi S S‘Jgt (12) correspond

to defective glue lines (14), allowng a direct path

fAy infivedd by agoivein Fige3 phenead @verdl pagowdarly 66hmopacgicise
edge abuttin

th I
for 1ealesanfoet§ﬁaﬁme ol seiane ot e ok @0y S b2 60t s,
permezﬁé) He[rﬁ@r St (?Qj(&‘yrrg@@f 16 ldtaﬁ%Y e 5108 ARAWLE EI%QF%C&&G’( peth
rigorous and frequent eani ng cycl es
for feed td ertteta‘hei pemtela’et Leregona66) tar thecdige pbutteg thepermeatereat e
TR NN
leaks, n%{r 15 Edr %mdu@)éuﬁié&%tﬁeﬂﬁ rig@bolis RRBEefRnt éﬂélﬁnng cycles.

ane itself may al so generally have hlgh sal t
At the pastsad outet ends ofithe inpdele, pesaltheregmgete &bed8) freionsd 68,70)

corres;rsq%a{ailit hes 13 I%Q (\ﬁ{fo' eﬂeaf %gfrilsg cliexl)%; Ig??{er {ggla%ih t11'{ é(gss{rﬁ?cﬂ)n)

may czalb@higﬁrsme phsBagd aMieehembrage iteltxhiypalso ferdedlydiase mghrsan a
spiral wound nodul e can be difficult to dlscern

passags om; nerydue lca:ahzﬁsls@ﬁf%wsugb Phepreighesapd egho q%é!l&&é?ﬂ? oAy
L e e

of Reclamation, 1996). However, autopsy is a
dBtst Iocetion\od defedts twithin 6 opisal rwomlgd pr(xdubchan be diffigult trediscern.

del ay associ ated. with obtajning.res t
i son Sy oS S o RO G e
Autop 1,3k ateX TR inlGht FeloRBy FRograRRé&atti#117, U.S. Bureau of
per |1 tration nodul es are nost commonly used to

Reclamaiony é99ﬁ)l Howervenrawapsris a Themistie st tiine SONSUBENG RIR/AAITe,

cific uritie
and th@:ﬁémr gsgﬁglp ﬁ%ﬂﬁﬁ obg%)}nalg égs)u s%@ﬁ&tngt; 1g§?lsr?ef‘sglt | ol%f(g‘glﬁtlon
that caRbRAEELORPREY £ eAdtiaf phdbdéh snfabscaionat er whil e
limting the need for disinfect ants These nenbranes
are also used to treat nuni ci E ste vvatglrsfor

dHyeerfiltetian madiles ate BTt LAIE! W Rl ogter
These 3 U hdl o \S%mb% ﬁ%&?@{arg&yl E’tﬂaé S@Bhichddt (Se. WidAKS one

severa steps totret these waters, and its
Crypt@pbmldmm nivads). dl’hwhlwpeetﬁtmmn @hffiredusa pytablsrwaterr fiem surface

waterg( {ltgl}}c Iles pgg (ﬂ@ %Hﬁ?‘é{?’fg mﬁ np}%ggbr%nﬁr tarl]se ﬁs%{ﬁ) Vg%:at

mumcﬁﬂ?waste waters for direct and indirect potable reuse. However, due to concerns

over integrity, hyperfiltration is always one of several steps used to treat these waters, and

its actual impact on the removal efficiency for larger particles is generally undetermined.

Complete removal of any species by membranes requires both that all of the

product water pass through the barrier layer and that the barrier layer is defect-free. J.
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product water pass through the barrier |ayer and that
the barrier layer is defect-free. J.Lozier et al.
wa e@el2donat key areas for virus and cyst passaper/vub1on$/on7132
a hyperfiltration nodule as inperfections in the
menbr ane sheet, inperfections in the glue or heat

LozieS&all Sedth thitgke § foreidueaid cykhPassageeritias hihgperfiltratione
menbrane at the area of attachnment to the product

modulgzns dmperigsaiony in the membranesheel imperfgptions i B ShisANgRt sgAlg of

e b Y DA 8 LA e B0
produtteystet fuber (JeBoziers echlhMianbib bR ¢oed ahdbitegritidonitoring of

., sensitjyity to d he defects .th re,.nore . pron
sigh-PiSpie MemPrpie VS SRt Fodptvbaapfy ThEaanEe A
rej ectféh't@@ﬁ&'ed%%fﬁ&ﬁreé RRKShRSEnsBNiE tH AbtebtAh&BERLS Shat are more
particul arly ghe I nt erconnectors that join adjacent

prone it gassig langer paoticles t Additionadly, seyerak pemaey capsesifergeaknrare

ef fective test thod to be used in.syste U need
exterrib ogodul S, b TRy i ntefkedtad'®S Tt iR AR mRle R aPE
connebt modill&s folster Phfing| AR effd@aleltyst Athddtb BE bkl in Sy SR

operations, not only because of resulting decreased

wouldyresd tie evaliats theppaduld ans Blecompoacrip sursoundingibtl Hhsdgstarould

.are mst . rel| . Qpe ' ;
oo iq¥afly FREisiiot 3ol AN AR TR R 1E0Re O Ry abltensed
produttiiigg bit alscbecklise shiral warchdREd dyatemobakaliiewhepopmaséd
~and denonstrated, and these have been reviewed in
contingigydy al publications. See, for exanple, Lozier,
et.al., op.cit; MM Nederlof, et.al., "Integrity of
n%g’;g e Rith g T, @l IRA,
1 5%33??%’179-?%fg%%ﬁ3¥§éﬁg%ﬁgﬁﬁhggggffﬁﬁﬁg?Hoqs for
systemohaviedresmgrophsedi antl dgmionstragéd, ped thesachays et wvigmgd in several

.hanofiltration rane, systens, . al ti apd.
publiQsRY. et PARBLE A PR e or o 6 Mar Sais b b B bty of
memHRBSd AERENO ViesRGhnS syAsiamDesilination, VB[ 4971,i 179-131EM.W.

integrity of reverse osnosis nmenbranes” Desalination
Chapma, er.¢h.gOdgthodsafer mopitormgthe integiity 0f TyPIsROHPES aids

ten ass | /
nanoffth&h AFRBERE §y-Pn{ S DARL e Bl Vol YuRATA RIS Beport 55
BureddQ@ifRechmiadion, andrsd Adahmaéd 4) SMoaiterinpethe irdegrity obexvefsa
several patents. See, for exanple, US Patent Nos.
osmogjs pmbgss” Besadig: t201111,196,(1§?§)aég%159>r essure or vacuumis
applied to one side of the nenbrane, causing air to

IR ERY T ARG s SRRSO mUls b B ARG bl .

I'es stan test met Is to apply vacuum on
Thesd dieflpetentsire usially based dretherbuithle peinbimethod.samdwariatiens have

ass . as decay in_that vacu ver tine.
been f553a5 Sovaaglimrani e den R oL e R S BT g 2827
6,324\4ige Préslhire lod Vh @imdVR B pladieio 216 6181 theAtedbrane, causing air to
fnternational, West nshohocken, PA, (June 2003)

flow freel@ thrangtslarggyholes. Wit hywerfiltigiion sodules; arfndprddest method is
to app'i? Ve OItl ﬁ{e%e%gaqg 8{19 of the membrane and observe air passage as decay
in that vacuum over time. (ASTM D6908-03, “Standard Practice for Integrity Testing of
Water Filtration Membrane Systems”, ASTM International, West Conshohocken, PA,
(June 2003), 1-13) This may be done with wet or dry modules. However, this standard
method is generally limited to detecting holes greater than about 2 microns, and a system

must temporarily be taken off-line to be tested. In some cases, air flow tests can provide
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method is generally limted to detecting holes greater
than about 2 mcrons, and a system nust tenporarily be
wo adoef2@fif -1ine to be tested. In sone cases, arPCT/UB6/027132
tests can provi dei nformati on about the approxi mate
| ocation of leaks within a systemand even wthin a
inforri®bal HoultBe apfokiantelocMi@SEUedks Athid Heysped ambéentwiltén a
of a wet spiral wound hyperfiltration nmodul e may
modujes J{fr instancpspIsBEZing thepergeate fube o g Wet $1913h souad ons
V. . .
hyper R Ol et R Lot o MRSl B posln R CO0 of
certaifi dsakitypesi Howeveq tieadethodiisiitme dodpyntilgeaddodiffiruéiss antesmate,
.requjred.to ayoj.d, rane del am nation, Lainge et al.
and it} SIS Greatin HRUBT Y Fhe 1SB D ARGt SO FEBbrge
delaniiﬁ]atiléﬁ. systens. (Laine, J.M et al, "Acoustic sensor: a
novel technique for | ow pressure nenbrane integrity
noni toring," Desalination 119 (1998), 73-77.) An
adainsteh gl taath v$e of angwpustis semsar toedetges petrfibeeind Hhsystages.

b S SRS st 1 e

integrtymSRIOSLE P \DdslirhGpE N dg (B08) 7L 7. OAnhdekgigwidhit @is that a
noi se; further, the process only works durin? dead-?nd
systericp eentinga to piodueriireateshwatenes Weilege systenn i gyalugtedg Holes
it G5 U SARLL O S0 AR LR o 5 SRR
room hoiseclugther, tHeairo@soordy mbrkediginggleadahdifibetiofn flaatditiehythe

adapted to_cross, fl ow spiral. wound nodul efe;ékit woul d

methqded¥lefing §f ahoProYiieR 8aME HEOTRAYEN PRABRIOBIMAipIeak {37AleN Ues 2
separatb $&of &?%acﬂrn?o&ﬁ .5125‘&16\!'69, iDXHRRE Elbéﬂt?ﬁta'g%ti%gﬁ’s:%fgscouﬁi be

vari ety of natural constituents of feed water have
effectb@bnadapted to orose Abwrspoalsigundomedudes; itovoukdhearminle sof detect the

i GRERGPAS;BY5  SBBIR sy Pl FRATE G o

particle counts, TOC, turbidity, TDS, divalent anions

OTA ¢t POBnateal SreashiB SF frd emtddhechai udéd thihntfowlyd
substances detected at 254 nm (organics, hunic, and

monitoy fariagomeliessn memhrencsystegsu hppgan, ¢ ghdeashes Wdicaioss of new

n h | i n.. NE/ . i s
el SRR BIPLRIET bRa LS TEC it 1, B
anionf e£chtivas, eoldied suberancgsrdetdeted at 455 nipandesabitandes tibtested at 254
nmet hods, sensitjivity degends on the constjtuents in

nm (organighabpin anfl delyiopeids). BRECIEERTINgdR 8PS PihE fogheqmmon
il TRy b E09° 08 IR BGPR IR ke o5

hypenfittrationverendeat watdi ifsibean prettoeaps For vesh oXSTsE metimdlsr d
sns P I R S RIS b e oy SRRy over
time. A& foRAfei AP Bk ane Btinging foddS Or RBbing pieicerdoaditions tsheall

perneate, iS added to the feed. Chapman chal | enged RO
changes irbperframange are Ajffigels toReageeive.

ASTM standard (D 6908-03) incorporates the teachings of Chapman, ef.al. and

Lozier et.al., where a well rejected challenge species, that is also easily detected in the
permeate, is added to the feed. Chapman challenged RO membranes with Allura Red
(FD&C #40). Lozier has mixed in both Rhodamine WT and 0.02 micron fluorescent

microspheres into system feeds. As recommended in the ASTM standard, permeate

samples were collected after modules had been running on the challenged feed for

5
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(FD&C #40). Lozier has mxed in both Rhodam neWr and
0.02 mcron fluorescent m crospheres into system
wo e@d®26085 recommended in the ASTM st andard, pPCTES1065/027132
sanpl es were coll ected after nodul es had been running
on the chall enged feed forsubstantial tinme to obtain
substah@hlairhe &l gbtsih adlativetwstaiid comditionSy Symm llemdtk sveresindicated by an

i ndi cated by an el evated rati er o feed
clevateQ RIS PTRHE O dRRtY %ewoa&h oA FsiR oz e
dye teEt@%Je?e aﬁle%?ﬁ@@:tfx}%o{: ! ent tlédRQ bOERs Wafdfot sE@tRny!

tests re not su sensitive to unanbi guousl Yy
sensitive t@ ohanabipualsiyedatect alltdefehtyp diofr ihbfperrﬁttra@nn menthranes sensitivity

sensi t.i vi S,is Li 'ted usi on of
of dyeig et ENER T B tihghiste EShERe Ghd hY B05 2
dispos3{ ofhigh c&%ﬁ@iﬂdn@bf Rt Sblufiéi. €T%e @ﬂﬂd&és@éht nmis@spHeres is
fl uoréscent m cros her es is prohibitively costly at

prohibitieie nostly Bhossergh b@r@@llecneg ﬁ@tsﬂ?r@‘(/ldél enlyrfl sjngle ¥alpg fe
di cat,e f ves no
indicaf e Ero FRBBR bl 10 BiafPfich P P W e

ot her neasurenents suggest there is reason to suspect

t Padticalafgifilien btiRt measgeahen$ suppestaheraixumeasonto shspscthiaz a

inte r|ty i ssues, .a probing condujt ovide.a
parthéaﬁeS@ & pRiga orad anqghles haninte@rily 15stes; %W%Wgrfﬁawema)&

provu&uﬁ]neéi@tt R alizd AW% K m&’fu?@'ﬁ ublEo4868 FILMTEC

MosSI S stens rrm No. 609- 0023 -0404
Membchesi Embmgl\Re:i/Iede)sans Sydiems,”TIOW EQI’HGEQCGQ%@@Z:;ﬁdWOé DOW

ChemigghRgared. S A b destrba hofgs s Wil b

vesseldi¥®A & %&16%‘?)? c@ﬁ?éciéﬁ%nﬁéé@éﬁlﬁep 35 tia€ Watth ng el verRll ahtne
vessel's permeate coll ection region. Unfortunately,

analyzeddiqm o pesisulas sedtipn of thesigsdehi g pempaiccglicetion 168RMNg t he

Unforg,ﬁngée mt eflgrlﬂgepsg 1§| timg%alg g{m%gg orreng %esttIﬂSn {h%§§st@1{iﬁofpﬂﬁe% if
adaptéf@b&cﬁ)fﬂﬂﬂr&fkl@eh@t iregén/i dual spiral vvound
hyperfiltration nodules. This test should be

C G hetert e restis deTBOTPre VA e A i aRlsabs T ndiyidual sl
wound ﬁgllf)eﬁfi él’tloﬁ Woddles O TR Edt thﬁ{}l‘l l)é’ Péﬁ&ibﬂy Y&g&&l@qb ect

8s 't hat m ght not ncrease salt passage.
macro'Eb@ﬁe modu]iel consteuction deﬂedls tlmt aﬂzd)\h pdsstgraef wimses anddactena, but

aiso syfickigtly vt o ualt efessRE Qe SR E et HiLiswee
Therelib als§ a‘iﬁ%@d fo?q hétRdd ﬁhﬁﬁ\‘?éﬁfi@@ tHEAhReHBRIFE 1BRer e HygaIin

sensitivity than existing options. Preferably, tests
the fielduvidhdun titoamsingivertentiredustion Bor both easks, itindesireddhat tests be

more By icChvE e TR R Rl PR P By s e
indicd MéiedlREendd of ARV MBS P dentlfoapaiionaps dingrthe Rypatitnyand

eval uating
cause of this leak.

SUMMARY OF INVENTION

Our invention provides an improved method and apparatus for rapidly evaluating
the integrity of a filtration system. The method of this invention may be applied to test
either a single module or a system of modules, and disclosed methods can be performed

without depressurizing a system. In one embodiment, production of potable water may
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the integrity of a filtration system The nethod of
this invention may be applied to test either a single
wore@alozoor a system of nodul es, and di scl osed PEL/Os5/027132
can be perfornmed w thout depressurizing a system In
one enbodi nent, production of potable water maybe
be con€ifttidd MitBig tHeltdsfif Hrideesk.e AnoligerRiboimgent Meides probe array for
enbodi nent provi des a probe_ array for neasuring the

measugng gechrpeciB feBeRTAEPTLA BehallcRgraPPeph® affeRras Sirpamyin a
modulg.e'Yr'erF%foFt‘h&te PO A, oRFRQH hﬂevixg rm‘éﬁ}%{ 18@%91&%&0?s of

k
rovi des a glew ce Fgrr measuri ng oW concentrations o
a challangahspletieniyea pgeehtestream af p filtremhaygemeam of a

filtration system W have di scovered that inproved

S itivity to defects results fr testi of Lral
oSt PR iy Ty tREtr B et L A R

spiral WBHM B10BuISHRY IntRULSRg &f the ke G€ a SRR cOSsHoR3Iuldeof a
well -rejected by the nmenbrane and neasuring the

challengerspdeipethatis twetloigisstet batthomembrang and seguiringdhe é@et hat

| it hi . -
depenfF Sbisepbhil eSS AT b Byl o
The reb@€ing 68@.depbticappRmead signabmigbedassaed, rédrdsdmal ednpaved

conventional integrity tests perforned vvhe(g éhe
to a refsenesat\s coBmerHty Senvshtional infegiiin tsstsedfigryecsvhgrpthe prynacate
. o ¢ . .
concoblBnJERFIHTTE BT BETAEBhE SRR RARA ot oo
provide éagidved diffgentiatienl. al[bivéngiealisad be snaap pdailidybiseoveced g

methof gigpriisanle it ot RUeeo 5 Al shge o5 Sral G foeod asTong a
four mzxa{ggﬁt lﬁﬂtrﬁcﬁék}'efé@lﬂ?tugés RYLERi AN Bb QPR dul#D8s HIRES tBAn or

to t m nutes or even nore preferably |l ess than
equal ortwequimbites or é¢ensrompiefeablyl lessshathenrequal tedQabcands 8r less than

secands 0, obtai n perneate responses .charact esi Stici .
or equii6 Y fiaandsetoZiR Beier TP R AC T LRS! b Iefiing
filtratiBR Sysidr8A WY sifig 8 hBn-RRAMREGLGRAAHE ChRlch BRI BT EMABERS permeate

perneate sighal against a variabl e background due tq

signal apeinghorariable beckasernd: dueitprthe show meapurgment timeinesval and it

h ' I ,
atso of RT3 A0 BEFRHIRG I BATAEEAR CAT ARLEERA 601,
time c6Mphiled f@ passfcifeBall dhigo ypdticsgmodgh iguod!r armbrame. In addition, a
addition, a non-steady. state % | ows hj

h .
non-steashyceate alleWohigh GPnREPRN 96 o8 eg%@eej&g bebeased in thedplse,
even ilg ggsr%g wh%f’eetﬁe b&nﬁ%&é@gsssﬂ%éﬁiﬁréat&ﬁesqg@%éeﬁs ﬁfeeaiﬁlli'éh@%‘essure. In

proaches or e appl 1 ed pressure.
a prefgreif enbioglim entiibelchabl e get fudseahat tempgeripyinseeasmgsmotic strength to

aramepigligiedusnshe SRt o Bte PO Bat entends B Al
i tﬁtb?? [%ﬁﬁh' ¢ TR 1819 ih bR Had A0AdARSonall ftRrantage of
Slgnallrret 0 o?r%iggsoiﬂ%eﬂg?iﬁ%%“r‘}as 1{alln addi ?i onal aél\a/lant ggggeo

allowing call¢atinn agd cohdesdnisubstaniil fractippeofdhe wiestephallangg species.
fraction of the rejected challenge species. W have

DS A RSB IR ARSI B e gosis o
severad PoéTBaksealbnbiBie Perintdate tubewithihithe modtoleiplexddésripmpoored
sensitivity to defects. The concentration at each measurement point along the permeate
tube varies as a function of time, as the feed with concentrated challenge species traverses
the length of the module and as permeate moves down the permeate carrier sheet.

Another embodiment of this invention includes a means to measure conductivity from at
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sensitivity to defects. The concentration at each
measur enent point along the perneate tube varies as a
wo aoveozéomt of time, as the feed wi th concentr at BOI/US2005/027132

chal | enge species traverses the | ength of the nodul e

and as perneate noves down the perneate carrier sheet.
least f&mid‘m@ts wetlioglveseelts peimedie soligrvion tdgion. imﬁmﬂmgz ia comdbittation

neasur e nductivity from at| east four {)1
with ayghoR P 4 o@e‘aagléng%spﬁelﬁﬁélaq gaind deyice gan P@@ﬂ stantially
Ll t

mpm*Zﬁ%%ﬁ?]%ﬁg@? Y4B E SRR 44 oo antsh 36 0huss ven
cause,sufdsfeatsttd bk Ia;certmpeab mewlncsredwtrmtwet tgstt Vigkefused withaithenrmy

oGl DR SR S 3060 g D
to detéc@ ﬁ%aks %ﬁﬂnﬁé?&%n&t&ﬁe@ﬂs up&teath &f dMBInfodRA UNVBePhised with

i pl e nodules within a vessel, the probe device is
multlpqu: mfodulab insidedayssesti thoprobe sonost @ékaznt&ge@mly eamabioehwébt or

1nterc<?s.’];ﬁ%lﬁt’l‘f’)gsgtl?lgtf1 rvggmogst\rllgg%ﬁgqﬁeg dba];% cr olf%he n\{)e\'s)%etllg p%éaiteo le
collecAstysicageousl y conbined with inter connect ors that

avoid constricting the inner dianeter of the vessel's

per neat e coIIectlon regi on. ot her e dlrrerit of this
i Anether embedimenigddhiy W@W%m e%%.%\f%fg’r pHRPigtheat e

perme%{ga asl%%%ff aBifrhtt Jnrs‘%ﬂeﬁh cé&é%{%t‘?ﬁin CORGRE e"% P! V%thm that

I"'enge species"w t tream g a high
streant mimg/e h;ghrrecrm'emaemmaae appasatug add thee rdetdae‘m@ﬁne ngaltelnge

. C ecies within the highre er e
specic Sthim e Die Brewty BEmbrts ppraR s e TR B
otherWi®é Be fioftd diffitult th e ¥BRE U SBnceThO ERin dRIS Ript®Hddiamhess for

provi des a neans for continuous concentrat| on and

contindevseeinicentration ahd Heteetipn cﬁ;@b@lﬂe@ge spaciesaif cyebs/ ey

covanGE AT SRR TRRIE B B BByt P s
recovéHy) Padnirbise ﬁfp@fa@t!s%?bﬁérdbgﬁinuﬂlﬁés afdee @ﬁho&pl@di@r[g dmbyﬂaﬂ@lly
substantially decreased cross sectional area at its

decreased Fross eqeonBRrEmat tEodiatPrd-ON OF FI GURES Ref erence
nunerals within figures correspond to |Iike nunerals
BRIE%' @@fﬁ@ﬂté‘ﬁﬁt@ukﬂst he text of this specification.
e, partially cutaway view of a
typi cal spiral wound nodule. FIG 2 is a partial cross

Referanee ninoweradd withinyfguces cowespet] te bkt aimérly withiupasnthesis in the

&1 FIG 3 shows a perneate carrier sheet and
teXtof) Sngé’ﬁflgl 4% ection tube, and common regions for |eaks
into the perneate flow path are indicated by arrows.

FIG. Fis@ pefspebovs patigl pplitawiy vielvasfiagpichlablraingamd module.
concentration in the feed verses tine, and it

FIG. %Lﬁ%&tﬁ%&f@g E%i\g@{a 2% 8 ,‘fyﬁ% (mt:%!gll COVI;/![a(IjI‘EIQg fantodlrlllels In sré?i)éé mum)

FIG. 3 shows a permeate carrier sheet and permeate collection tube, and common regions

for leaks into the permeate flow path are indicated by arrows.

FIG. 4 shows a graph of relative challenge concentration in the feed verses time, and it

illustrates how the FWHM (full width at half maximum) may be calculated for a pulse.

FIG. 5 illustrates a vessel containing three modules of decreasing feed spacer cross

sectional areas.
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FIG 5 illustrates a vessel containing three nodul es
of decreasing feed spacer cross sectional areas.FIG 6
WO 2008/0z0aph showi ng the change with tine of chedT/Eses/027132
speci es concentration in the feed and perneate. The
perneate |iquid has been sanpled fromfour different
FIG. 6 Ei@ gigBipth s\hbwtﬂgl’thg clliﬁh;@bl kx&fh&irp@d&ﬁ@gﬂmgegpécéei dompertttabion in the
#1, #2, #6, and #7). . The time-dep en . .
foed anoriamtte alh ROAOYe itid Bsdiveh GGG PR, ML Erbregions
within 3RS0 Berdncld B RL AR 1 A6 M 7) 2 The BFRAIEndeRt
thé relative concentrations fromthe oOther three
feed cqreenesion (H0shdsbeasredtded in elaghitude to appean on atsinsitar stalom

. .. position # 1 have heen reduced a,factor. of 20. FIG

Similasly s35pgnared i Eb&@kgwsf?ft?ﬁmﬁ%@ﬁlﬁ %El 5 OHSL FRER P E m

positiog\é\ﬁhgpéﬂéﬂv%%ona—éﬁ@ramtﬁ&n poSitidh #Nheeerredue@kby a factor of
enonstrated hi gher peak concentration and an earlier

20. peak elution tinme, as conpared to a typical intact
nodule (B). FIG 8 conpares nornalized perneate

profil.es for "
FIG. T3hev g PeistPo o R0t EameB o) BhEEbAuE EhEmblile (4)
with atkhews ddakeRoabtirAedhigher fdalaoshcnttdtonard amestief peat, eletivn
) normal i zed rel ative concentrations for the perneates
time, a5 gomppred o & syriedl ted maduls Bdi ng neasur ed

concentrations by the maxi mum feed concentration for

FIG. SS&WE%g.fe%%)rmﬁ#z@d p%rrﬁ%@é"ﬁroﬁﬁ@ FRUWBINT Hioliles, dnerir4te” module

ment of a probe device that may be used to

(C) andeas uith adkalt (B Feledetewereaonowithtwe sorgeafratiesisn@.4% and

Wit hin vessel 's pe te collection reqi
1.5% s pefors 557 aorip AR anaer et i Ssats Have been
calculREEH ¢ ifvading FRAdir8EfincbfifatidnPhPRR ritamam febhéoneartration for
nmeasure conductivity for nultiple positions within a
each tesssel ' s pernmeate collection region. FIG 12 shows the
concentration profiles for perneate froma vessel
cont ai.ni t ] : j
R e
measuselétfalieRge dantémratioh apseveral pdihtsvettamal vesselés pergeate collection
. nmodules within the vessel are evidenced in the peak
Iegione| ution tine. FIG 13 shows the concentration profiles
for perneate froma vessel containing three
FIG. 10°RATHIG a3kt %—AW%%&% i1RSEAMS oAB Prefért@T erhifma enEbea probe
induced in one nodule. A fivesecond pulse resulted in
devica thstpmnsesastrs dorduativity far mudtipleposidonbyviibinta veswels PRmpgafie
t.han the response observed for an intact systemFl G
collecn 98!k a graph of relative chal | enge concentration
in the feed verses tine and the
FIG. 12 shows the concentration profiles for permeate from a vessel containing three

brackish water modules, one of which has a leak at one end, near the o-ring sealing
surface. Different orientations and ordering of modules within the vessel are evidenced in

the peak elution time.

FIG. 13 shows the concentration profiles for permeate from a vessel containing three
nanofiltration modules, before and after leaks were induced in one module. A five-
second pulse resulted in responses to leaks that were more concentrated in time than the

response observed for an intact system.
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resulting tinme-dependent concentration profile for
perneate froma nodul e. Al though total passage O MgSO4
woeooklagdoiwoul d not have suggested a defect, anPCT/US2005/027132
uni ntentional |eak near the back of a nenbrane |eaf
was di scovered because of the resulting doubl e-hunped
FIG. 1pshorenie graphoff ir¢lativeRiaidngepongeviEntiunon tihfesd iversestitne And the

.focuses on ipproved . testi net hod Qr eval yati e
resuip SR P s Rl e BT S0l Sl YIS Aol
total p&RAEAITNIBYO} BORECTRE ML @5t hdvee shgge@t@ﬂ adRRRE tan @hinkdtitidnal leak

invention that the integrity of a filtration system

near thehapl pE2 mgnbranedeaftwasiscapgredbecapianf therespling double-humped
e d by operating the system under pressurized
p““wgﬁéﬁﬁﬁg as in filtration, and causing a short pul se of
a well-rejected chall enge species to pass across the
DETANMERDINVENTION pul se may be produced by switching
between |iquid feed sources or by injecting a

concentrated sol uti.on of .chall enge .species iLnto a .
CHHE PGB foskites SBIPIOY R foeins Iitods e gvalliagit B Megariyy of
spiral Wbt Roliles SRl RRMRYNAIFSEMBSE Mb@ded.i qui d of higher
chal | enge concentration, and the second feed liquid is
replaced by a third feed |jquid. (Replacenent of the .
16 ésoriei agpecy of this wventiomvbaitheitagabsoiibilitiation pystenp Femgprising
at leas} il bt 80l AR ofop Halin 18 SEBRGACr iz
liquid,ra8 $n GltedtionpaiRl datisiag b short pulkeof ewell-rejectédetdlengpupecies to

Al so, the first_and _third, feed |.i.quids be the, s
pass aggps e BPmbIanfe THSRILES MEY PR ek bt RIS DG RCE 458 liquid Teed
s 2O FEELE RN BB of ARyl et
solutidon I ejthedcastd SrsEiapilligsidtineeplacedibia efcond fieed 18@id of higher

ti th | Si 2) .. falli 84). f
et Bl B et 2 WA AplEp B bl GERo8t °
(RepldckfiBst df¥b [e88)iq6ilin BEPRNEARG dos AotGBaliteslgeflow. It is, for

concentration that is half (90) the maxi num i ncrease

instan¢e _)Zx)ithirr ’thmsg_amkof (dg'&)'nwe_gti@a@gt fe 11(119@ )withi]m a ﬁwgltﬂegy@t @REain
residu%lrckﬁgﬁg%%ﬁ:o# %aﬁ%@ie?é‘ééet%q@?{ ARL e ?gs@ gnci &mldt}ged liquids may

events

be the @RAB kA181i6M. P THRGestingasiler dukationi o gldbw dhbfaciefiz&lby @ty one of
unmp) defining the second feed. In a preferred

o B averee B sy BOREH uidi At B mREGR s seen in

' . ) t i . .
Fe. 4 SRSTEANL B PRl P RRERE B B0l 80
edges bf aptakfiaetlalléngaicoscentrhtidng ughsured bdwemstimes @6c88)ed t hat

the, orjginal feed |liquid not.co i.n, any of the
correspingioguerapeseencerition dp gl Qhdef Bbxdup dzese (o)
from ﬂgﬁﬁw) 9 Hadefhe ?ﬂ).oﬁl Absts§&EANShRFWAMAGA RpbriRRR]y

uring the test, “correspondi ng approxi mately tothe

correspend tovthe @ifesarice ptimenlgtwieen ¢veatsie.gvonenig(clomeg vayrs®r
tuming to%gtaikjd ec{igﬁ’ {)l‘i’mpme\%en\llr?grthe second feed.

In a preferred embodiment the maximum concentration of challenge species in
contact with the membrane during the pulse should be at least twice that in the original
and final feed liquids, although it is most preferred that the original feed liquid not
contain any of the challenge species. The challenge species averages at least 97%

rejection at regions of intact membrane during the test, corresponding approximately to

10
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much hi gher rejection (greater than 99% would provide
better sensitivity. Because concentration polarization
w@booslzochal | enge species can be difficult to PSU/USRDE027132
accurately within a nodule, this average rejection at
the intact nenbrane's surface is specified as an
the maxpR8MESB% sdlepssidedn thdmeviaastp urkhBodedrstandardaase dHbwevbr,
concentration due to recovery but does not.take into
much higdef fistechen é@rﬁaé%&thah.99%WH5k¢@rw§%‘a%F SPSHIHY- BeCHSF t
iR poldrWGord HGHE BRAeh W § Lot eSdiFMQi 18 RsRRAWEE R ratel
Conce@on%ﬁtp?p%% o? g@%‘lects.e %1 olfe téﬁ? delf ects i% the rarely
withinreegoduls, tiBsveiage tbjéatioRiagthe 3ntactymenhirene’$ bwdacangispecified as an

s S o et S B RS oo
not talé ihtd REb@NIPolatiRatddd. def ects evidence themsel ves only

as an increase in average salt passage. By contrast,
the elution profile after a short pul se can

FW& e discayasedb bk siort rse allois Shropmosrnity tor dipfinguish
veonch s Bpst BRPASL, ShOFBsth 1 ph 28 AR5 mes

alter flooy afrladhalléngecondchinatiae within the permfeate chahrehkHatvetdrea ktandard
glue line to elute depends on its size, as i

test cqptings tbepermerte Eam all segions: ol R PG daeniaet Anlyidg an

inres SR PRSI 19 Ol et L ANERRE 4 ki cn
differéntibeetbetmebndedd regioand Foofnstanee, ieatts htethe Bindksglue fihiewdhiake

I § used by both the ti equi.red for feed |iguid,to
substaply lpecs8 Pl imdty wodis tandegshiear B apRia upe! (e

actual REERR D Feaki a8 HethakR glRAME td Ql%te'ﬂ%?éﬁ(ﬁ, JliREARNEs B stesenbe
typi cal operation, the latter effect dom nates, but

modiftel dlow patipeandsebamitids avithimihierpstménje ehanneli) ndinglerlyeadidterence

... fromthe inlet side of .t.he.no L I | w

in i TEILDSp 550 B S¢S Supal B ERLFaL il o

moduldi ThisediffeeAbk® chfiscA®BEL e CigfeaeqiifadtibofectMithidito MRve By
contrast, an intact nodul e made fraom nenbrane having

acrossifhp modiieyangithidme gegsirsd dorgrrmpente heud e lsgee @ﬁ@&qdéie g%fﬁ one

T r .

. HyFRITRAoh EG: USO8 Bl LR v

by rerhogheperirieate froan e inlet tide of the siadaky. Extatmpiestvié show how
concentration of chall nge sg_eci es |.n.both the feed ..

localizgd flefetsaay 8VIAeca Rl ahy IPEEtBES BB PHfHPrFH gD
with tgl;lé:rtel?%é&ﬂatﬁ'sﬁ ah ifad St AR o nkindRade PR ée‘ﬂ@%ﬁ& Qibher

dws a conmputer to process results an
passagevefl thatlelloygacspepias canbe expected tf leve adairly tyeal tiseprpfiles e

slthongha e or e ase st IEeE e PRt os

preferably less than two m nutes, and nore preferably

| gS§ dédnapleans the Eoticentration of ehdlRAkEsRc@H il both the feed and
preferably detected and recorded at _intervals_ of |ess

permeateche detecitsiemddecordsieds anfynetioerafttisreafDjgtially gecording thip gignal
asa f&%{lgﬁ: E)Fﬁim@ gﬁo&v? 8%51%59&9{0 process results and evaluate by comparison to a

reference.) The feed pulse should have a concentration profile in time characterized by a

FWHM of less than four minutes, preferably less than two minutes, and more preferably
less than one minute. The permeate signal is preferably detected and recorded at intervals
of less than 10 seconds. Even more preferably, the signal is detected and recorded at

intervals of less than 2 seconds, especially since this may be required to accurately

11
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intervals of I ess than 2 seconds, especially since
this may be required to accuratel ydetermne intensity
wa@eoopezdo11 Usi ng only the tine-dependent rel atiREI/US2005/027132
concentration of chall enge species within the
perneate, it is possible to note variations in the
determiiieofntdneity ateakar Esmiganbcthe tinstdependentietativt sondebiration of

accurate jnformati on on.l eaks, can pbe abtained b i
challerggproiesity nBesas) GEsPRRgIA e A6 BRatans et iegaf

are ch%r@& il AldefRts! tMdre abhiRhtk TSR ARACRNEAE ChiPBe bitainBe by
ee and/ or nore precise information about separation

using additianally dfe abhelufpenagnitude piithisesignabland eelatingnit tchehatlerge

concefiaip if 6o andf BT R amislof Bl SorluRy i img of the
permedte Pdlse proFly ke the Feddputiepréfe. that the recorded data

be conpared to a reference. The reference nay be
obt ai ned using data coll ected previously on the sang

sTe eakwatatherintegatyod geiliraiionetystenrenchiting eeystean cQrapeRgd of a

single gxg)hdlﬁ{?gqlc JS%EI?/& tﬂﬁtet}{% Peléﬁf{@éd ‘agta%%oﬁ‘li)aﬁﬁ t&a Fﬁ&?ﬁé affley

I'ént” systens (systens with essentia e sane
referery¢shabecabiinglusing dma avliccedpeetigysty af thesaut epstes (whk the
system bein val yated). The reference nmay al so be ..
same v TedHED PRESTES i Fﬂll??feé RFVIOYlY G Pe yressSoptially
equiva‘éé?ﬁ% tSins %?stglﬁts Rith RGP BlelsHRB ktdny cOifiRYatiRAmRd sehe

Imul atton’ Simlar to system sinulation software )
type opmodildees thy sysernbaingevaluatedf Thepefefdnice mayialse beslgtivedusing

rogr am.wou),d ferably. take. into .consid [
the peJpRRaEF A “EBHH TORE L Frelts BB SrERpO HEER Sy o
compuitét sHBhlafsn. Y@iRK td §RWN ShRIAiod 868Rhre provddedEispmbnufacturers
recovery. (As is understood in the art, these | .
of hypcﬁﬂgatdmmoéld% arprgerameoudd preferptdy pake infg cpnsderalinn eregpting
.pressure an n bi L. il O ,
condiQS S g hsf BHRPEOE R BNclis daler SR PR, and
vessel GedoRbiyon(A is andetktded irathe artptheseuoatiderations maciakeothat fems,

such ap GPiodTE R AR RAPRaRe PRI SROLGBABHTHReisd Sofware
vvouldgl\é%l &ﬁfgltn?acé'onggﬂ the HHQSABEL ?ﬁl% u? Rerdiseflrdtdy HichbRfotates data

opriate disposition o es and determ ne
on measuredfebd poofdet Onthemsisaf taxnteflencgintegiity dfaumoduléat system

may b gyalisird, T Bedhip e T R I et rtmide kP S hinot
modulsh FBletbhiROtSteckial h@fonBYvd@nhat ai ned. Wen a nodul e

IS tested according to standard nethods, it is
commonly the case that excess conductivity is due to .

d¥¢eclave Tonnskshatenothgnidvantage phiegiEngmedules ysmgp short pulse in

backar ound..sj . -
fecd 1O Qe iSL F Ry b S SR A Bhoy Wonf At When o
modulBSsREcéRIiRgtd standsird Mmettiods, it Eicomaronlyethe casettbaitexusssng

a short pulse in feed concentration can be |ess .
condusiivisy sidye ta defoets preasrerhagaiisha e AaraLy e Ragkeroved sigmal

. ‘ ‘ . ;
rhe oS RETEDI 8 A PUFRIANG A8 3 UKD g
in membrane rejection with time. Either way, a test using a short pulse in feed

concentration can be less sensitive to varying background levels because changes in
permeate concentration are observed over a much shorter time. Similarly, a rapidly
pulsed feed may allow greater sensitivity to defects in membrane systems composed of

several modules. (It has been commonly difficult to detect defects in systems by

12
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pul sed feed may all ow greater sensitivity to defects
i n menbrane systens conposed of several nodules. (It
whamelozmem commonly difficult to detect defect sPCTUS2005/027132
systens bytraditional nonitoring nmethods because the
conti nuous neasurenents typically acquired in the

- traditidriaBhdnR6En L RABIBHE Yecatsehié aﬁmlnuou/saﬁea%hteﬁfentsrtypieﬂm akired

feed, and process conditions,) W _ have found that
in the fé@itiarwq@ngl@léf@éymg@dawaé@ﬂ%rwr%@brqnﬁa faed: 2P gIACESSd f or
nsitive integrity test. In fact, the transient
Condltf%ﬂl?'ge nmet hod of this invention can act ual |y provide
increased sensitivity as conpared to steady-state
p‘é’reﬂxaverﬁnmd.tha?ebfaﬁﬂngsteaﬂyeﬂathppémrmanw 'mmoorcqmdthfcma is

snsi AR S 3Gt oot e o R BBA A G By
providB¥iRe&dséd §Jn§ft1'v9c9 aﬁ@&ﬁ £88d {oRMHdy SAB PG HrRARE. Fekfobhdce of
passage after substantial warm up period, usually

hyperfgraigorf mediula‘swmown t@charige Mftlfést@st doratinat Stendds lt¢SiSed

menbr.an erformance as
recom g SRSt wap e TagPHEf ool Nk
measufdi@int 8f @stﬁaﬁmgé Afe Lsdbstafitit) vi@mapictive, @qally spacidiedds 20 or
per f or mance e shoul d be added, and then jt

30 mlrsmsc $€f ihétsstmhm@mbw parforaiaReR B3y bemeasusechi Biggnew ASTM

f.

methof o LA RleEBARLE SRS AN, A0M BURAIRESARE. .
achievé ieqﬁlhbbwéd erfopharse] dyd shoulditetidded, hed pennespee fieqan a(khtlonal

sheet is further pre ted at, nmuch shorter tines
15 e 1 e Aty A SUTIPWE) PP oRBIeE AL A, P DETaRs BY
calcula{tédmlt 'iéaalgcpthlte hhs th§t a%?@aﬁ?%{éﬂ@&ﬂr%u’u@ﬂ 6f $Bltdon within the

proportiona nodul &' s flux, hi a non-Ieaking

permeaty: paEk sleget rsaﬁlrthmmWGm@dut muohp shhatee dm@s bg therged amﬂOlQ the

7 d 34 1/ t
permeffe vl Tereafuie Foms ebpPetmin ing-aty Slvefignal o
a modhille B0 ' T R&{oREB4IEnE BpRABSHIAPH GO obea@tfat §f10, and 20
per neat e shezet and enter the perneate tube. CQur

gfd (8161: bhawd d4tleshrwtimes of 4 mintesp & mjautes, apf é|mleﬁt§e¥0%$3)éﬁé| es
c:orreslxgglS tp ng%c&éﬁ%g gorape?‘l%géé go eéasg\b/% oWnt){He ?eﬁgi ﬁﬁef'ate sheet

and en®dr tRep&fichRGuiste f@aimofedtsewih aashid pulas ef ¢lat1émgempa¢aes
is not achieved, A surprjsi nq di scovery ;b resent

does abFUIre & SHRRANS AL ER Up aech inyafileast Qe g gt ig Mﬁﬁ fobe

more %f?e%{w? Qtlrl%'rt Cltlﬁg r(]lgt%gtrg tbgg’cztugg %tg%cﬂ/b%ﬁtﬁ %ﬁbfblﬁl&&%&@llsl Ig)lrt1 g&eﬁﬂ@ved.
concentrations and | ow applied pressures. her
cAeshhmsgg (hsnwenytafahe prseni workeia sleat e shesit fqed |p!1 eaqyedtingta

modulg et sypiipr e hPalot sl i vh B hebChEion R B
high cRAIRINBE coﬁEenﬁatﬁirﬁ%ﬁ&l oW %;ﬁleﬂlp%ﬁﬁés H%ﬁ’@ﬂ'éﬁaﬂeﬁéeux i's

decreased by trans-nenbrane osnotic pressure, and zero
concemtranons ncaese srashivity wainstapisiing Bagkeeosad signpls apd inye defeqion

limits. Eow apgﬁgc? {)]rtegs%trésodgcﬂegseﬁﬂg gés"fw&f Iﬁlllﬂﬂé and piping. In a steady-state

process, membrane flux is decreased by trans-membrane osmotic pressure, and zero flux

is approached when applied pressure is reduced or feed concentration is substantially
increased. Therefore, at a given applied pressure, a practical upper bound exists for the
concentration of well-rejected challenge species. However, in the case of a rapid pulse in

feed concentration, time-average flux through the membrane is principally determined by
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i ncreased. Therefore, at a given applied pressure, a
practical upper bound exists for the concentration of
wowrdlboe@ject ed chal | enge speci es. However, in PEEUSHSH027132
of a rapid pulse in feed concentration, timne-average
flux through the nenbrane is principally determ ned
feed doyditiens locfomti anid aftsr thefpolse. Fhid allbwe p niuch hyghies éeed Thincentration
al L.ows a_.much higher feed concentratign t €. us
to be G 3o B et nofereo e bt Pl B0, T RnES e
challehb®¥pecich td b EQREntRdtbPWRhRNAE p@RGBEe SRR B FedultidEin a larger
~concentrated within the perneate channel, resulting in
signalgipbn refampiog wd tangrsd fluesunpt i on of standard flux. W
have di scovered that another advantage to using a
SRPE hayR i Bverdd IR hndiRR) aﬁb%tgg&% G0 1 3RGR blifse R Ry
can, at Teast I n sone cases, Pprovi a substantia
changipCosgRsie pressererantdt Véabtyintsome efises, tpgovipan siulstdnsinl iyicsse in
.the net_driving 5£ten%ial proaches. zer o %r beconges
sensitdlydp Agfects \partichlany #ifhp Beteiitving ParentighfRnteashas2qrp a1 efipmes
negaifls, NIPaRREl B 0B STt 6 Fl el pRsaRe s the
osmotiayrebsmondiffcrenga téross thh discimneting memboaneaind ihmaf beenme

e B 58 Bt A8 Pl T i
may coRRGEMbFAhMPBne EdnstitieMAS if@EHIbd BshckMadtioh i iThest d that

chal | enge species is primarily responsi ble for the
the dejtevtadecheBerige spesies is pripraaibisigsronpiblgior therjaereasens psAglia he

pressif), Wi po0 BRGNP SneBSRIRR A D B AERE Pl 8 e

increadbEgenki@iotly N6 Wat Dafing thelpulsh, whéi feed tdieenteatidn is high,
chal | enﬁe solute f|ux through holes (even quite snall

water jlox @syl challegee gelntedluxpraveh holss eysy ﬂ‘éi(fea%au Rolgyds driven by
g . ! :
S e

carrienslicdet wdaaldfentg enayeecmkt émdadiwith ghslleage modepleaddribg deeulse,
are then flushed fromth dul e .and,.toward the
and thgeg e filfsﬁeﬁ? frpmghg fodule a8 g _?%%Cl#ecaor %ﬁhg‘ﬁé’é‘lﬁe- By
contréé?, RAEEM fRl b&ﬁbeﬁﬁﬁ’t‘idxﬁ@@ﬂ&?’bﬂ(ﬁnﬁ R 1L BsRSHPreSsubs) ABAHE Ble
uring the pulse substantially limts the water flux
pulse stiystengghlly limitache whtgpBux throught igact rbyparAltrationmembygne. As

apprgaches .zero in.these regi on nd r.ticul arl.
frux GRS AR g R n e datB e R AV e gRtY
becori@\RESEef doWX to EaME Eluk Y éonl NG RRAEpoSf ofChalldn@d gfecies at the
species at the backside of the hyperfiltration

backstdsrathnzypeslilbration membrangmay heckrppatically daereassd apd thenent
f | H u h s (1 . . n

movefienf e AARE RS Skl v Hat " Trplfhfhe meptranecanty

substAgiallg sssdned.d Agllev@ibed tibd, tdspdskibke to dest @sth apullde causing

ul se_causi ng negative net driyin tenti al, hecause
negatgﬁ@eb%\fla@aoti%pw%sww hsaveres Hgh and oy dhmeush e GRHRLT
chanr{ &re$till ldbmmq:@}; EshdMonS ‘BQ%E‘& éggrﬁiepﬁfe%?se?‘nd after the
p er pre e

ul'se. I'n anot erre odi ment, a short pul se
cont ai ni ng chal | enge speci es maly o )
In another preferred embodiment, a short pulse containing challenge species may

be contained within a longer duration pulse of high osmotic strength. For instance, a high
osmotic strength solution may be injected into a system’s standard feed solution (e.g.
from t=0 to t=60 seconds) and an easily detected challenge species may be injected into

the same solution for less time (e.g. from t=15 to t=45 seconds). A conventional dye test
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be contained within a |onger duration pulse of high
osnotic strength. For instance, a high osnotic
W@ Reoesneont sol uti on may be injected into a systBei/BS2005/027132
standard feed solution (e.g. fromt=0 to t=60 seconds)
and an easily detected chal |l enge speci es maybe
is comimingclirailed it sensitieitysbyre backigunind sighoek frore sléffusionethtangy intact

f t=15
oo i3 B8 SSEGe A Conters Ll e LR
one th{ttrcgﬂ%eg 'ré\fei’k%' R, E(hﬂ@ Hﬁfﬁ'o'vé‘ L &@eltivite ibleake, A§6brﬁ].]§a?réd3!d>rujd1ﬂge

se of dye by a high osnotiC strength
pulse mtammg bathl o}naldmr@etsp@uesmdé@ crsgméuc:fyt:rerfgﬂm)@hls @ppiiogch reduces

« d I
passass TROGEE GREGT s HORERN SR spec o5 and high |

osnotic strength, this approach reduces passage
t Iy sot@ltasdsnépleing tieefebd with aghoit palspof &mllem@eﬁolebldesmue
cases, spiking the feed wth shori} (gul se %
allow @W&Ifleéwgég,rﬁbpﬁt@ﬁt%mé afn %ﬂq e{@% e meat phgpd ooy is
splked%ltl? %ﬁl@a‘iesrong nD%fe(rij ﬁ fa§ SR 4B Well-1RjebRB By most

ate 1ons. Di vaI ent “ani ons
hyperﬁ?lbtﬁhorﬁmeﬁlﬂ:bira‘naﬁ eA ainee- dqiehdﬂm ickartge dn pgtmea‘@tconductlwty allows
yperfltra n memyr.ane nge in
sulft ) Spga{ b SHALEL PP PIa PSR R PP B B IRAe 18 dbe
manufgéttnfe?’rs?mdu?é @t {h'isoa{ﬂotﬁq{ﬁﬁgﬂwg 3 ‘é@eﬂﬂzﬁéd Hdspite lcavighg of éer
manufacturer’s nmodule tést, this allows integrify to
condubtiveauatitials end o estiblemembizmic et péssegendn addmetins Sygiem, such as

mat eri a and i ab nmor ane
awatef Fegisnt Ot stk st on R HEREICR disERRes ok 2
continfPrbscRed Sconliudivkispédies i fie Sepmbste DEhiditest ivogld it ﬁttroduce

froma continual presence of conductive species. in th
prohityted vpesias. to e fsed experneFRrdcy shpyipplsg éi‘@éﬂdfﬁ Tlony Byaluagion o
eches, .t
1ntegr§£n/1 Ol ipte ﬁ)arrh li aé tg glrodﬂ &ﬁﬁ%ﬁmﬂ?@%&fmﬁ%ﬁﬁlﬁo Pib&Lormed by
splkmg Ly E:hldlldng@rrw&ahars froqaehttyt present Andsdateédter intfdsatianoayktgms
so be performed by spiking other challenge material s
@aﬂ1q1¢%39€nﬁfw present and detected in filtration systens
(particles, TOC, etc.) Another advantage to using a

%?&ﬁhei: Mahi*agg fo lﬁ’éi'lllg°‘§ sodt éﬂ&ﬁ&née%ﬁ&seﬁ@ih‘df Rsd $luts &cused in the

pu se tinme can resul in reduced
test. Thermﬂm;tﬁnagzerteshl‘smhadlg:ed ruaweavs@ra(gﬂﬁdxs@l)argeals:v@@ ipestadas o

tate Furt.her ns
compagpi ?F%?‘g'dﬂﬁﬁ te;ﬁ %\’}g}eﬁ’g‘@he& %%(ﬁg Pﬁen ag\g/ré %ng\?lg'thedg) ea?I a
averaéee(il@é}ﬂaf’g%l 1¥vet (Qch oRer 4 RehtREyishoR pericdof timey L‘}&ffsplﬂms can
| ow for higher feed concentrations and inp

allow fmdnglhertf@ﬁdrmng@ltraﬂlms admpreyer stenal 9 §orses The §hqrhpualse also
th
result B Flowlel TR A RlBP Eof AR b liftyn TReSlNGRS T 01 1T o

during a pul se of h| gh chal | enge concentration to be
phystiostadullse fastheradjatve dejestdolntinn dwaig epulsbef kgh plmllenge

concepfiF ey e SHbiARRIERiea g Pt RIS ou L RbI 0ty 4t

challenge species. For instance, in a filtration system with 85% recovery, a short duration

of reject solution could have more than six times the original feed concentration, and this
rejection solution may be sent to a storage tank for re-use. Actual recoverable
concentrations will often be less due to lower system recoveries and mixing at the pulse
ends. Still, recovery and re-use of challenge species would be particularly beneficial for

expensive materials such as the fluorescent particles described earlier.
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of reject solution could have nore than six tinmes the
original feed concentration, and this rejection
wa@odogzém nay be sent to a storage tank for rePCBES2005/027132
Actual recoverable concentrations will often be |ess
due to | ower systemrecoveries and m xing at the pul se
end§ anoBlidrlakpect eﬂtshysehyermﬁ tlia thesdnodntiatioh bendealispgcipesies
uld be particul arly beneficial for expensive

in the HWF%P < erapragg (MEeUF) NB&Q& Beduls or y<era snaydsdperpegd
prior tB Elgce'gg(?]ré B%Pés% %%Eﬁflngéﬁgﬁpg%ge{tg Etz%a;rrg\sfgﬁ}géeﬂﬁatltvg 3 the
wholeq:&mreme etraain, shroegiba arbeec(dbﬁt highk recNFernyﬂ))atnmchpk)eratus In that

be i ncrease r|or 0. det ecti on as
case, (Y SURIEN AT SR g8 e zedh Qoo SuLiAcales Hefed to
a hightrB&VRPADPRISTERE Roj &k SB&M ﬁbﬁrtﬁyaigh@e&u&@%wﬂatush@ f2n sent

recovery filtrati on appar at us. hat case, the
to the slanerptbe dt iselesiedblathet neeaiery be attéqut %@é nil mede preferably at least

o, BSTERTH BT REF TR P ) Flp SE Ky

Conce@ﬁ@ﬁﬁg?lﬂl'é%hal&ngb EpeciR s pdriciliity GRFigcH1Rh thd drigifal permeate
desirable that recovery be at |east 95% and nore

concepfratonriappteasily measiredsudl apcagys JuRl a5 Whemihegnoentraiondsiess
n [ S 1 t he detector.
than lgoﬁcrz%ﬁ’t%%gn és?ﬁl%n zﬁqﬁe@hﬁg dgﬂggtg?leslﬁlfts particul arly
usef ul when the ori ginal perneate concentration is not
e@shéontratarsof £chnviling strean imitys manneh may bateconiplished by dead

end oridRass 130y RltRen. Faeciady SLITSH ThaHPEEe eonbuRai s dead
end ﬁﬁﬁﬂ% tAbShded méﬂ&eﬁtmté HEBRARRY es WithiR @ vBRERIGH the a1y

end or cross flow filtration. Especially when the
permeatnaadnlt(em gerdpawi sesfaces and iy surfaoe ey thendwdnelyged. Particularly

i A R GRS AP

particl¥8,Hah BB QepfudtElFcBuntad dAtﬂi*bférrédJ ﬂété&ﬁ)nr@yalhﬁﬁ fhaddenay be used in
anal yzed.” Particularly high sensitivity is possible if

conjunqiignviith mfeed aplse wiogld ingludasamplingdines fremghe pmtﬂates%r@ams of
one orgxg{nte' v%gﬁfs aly gﬁlto&[%teﬁ%? ?E‘o?lc&lgé?fﬂgtsog%n

ection’apparat us Junctlgn
specifigditimafdlleadngafeaé pulsel edstmnagde tedﬁ'vsmm.’dhohbng sa:mpied permeate
the pernmeate str ea of o@t@por nore vess

from epGh SHRPIGNE s FRPATAR 1 %sleﬁ@rcﬁesw@nglgﬁﬁ? gChgEier YRy
that refaif RECHall c b%fsglﬂldeﬁ’d"éﬂlgﬁl?raﬂ&? A R&HnS For a%pﬁﬁﬂg ﬁgﬁferen‘ual

reservol r i ng sanpl ed pérneate from'ea
pressisaambssgch neeybraezheet] andfdt dtasheelmntmeatedhdaector that quantifies

correspondi n o.each reservyoir, t hat tain
and regqy FRagRo B PRUERSE SpeSRS talahdd o fineBie JultlG, Bepse
rapid MS)@ tidle & ﬂiﬁo&sﬁtenqg PlefdBARS SitHeE A€ ERhSaRPh Hﬁ@ﬁz{@rﬁe
sheet, and at | east one automated detector t

corresgording fiptegfonerthatecvngle d@m@oebmmﬁgraaﬂneﬂialwwcglﬂﬁew@gfy
challeilgér%)e&:‘eg ﬁ;gcgl?(to&lnsnyer nﬁeﬁﬂ{aBQ &facgfﬁlaslé nc@p ha eacaﬁts

I's pr e era
challeB gériecieg id useé, iReivéing acnsleaspapediaghads ﬁﬁﬁlﬁed on thehadmlarane

si ngl e det ector. be rogra d to automatically
by adspupfn, Ay automated detector preferably includes an excitation laser, most
preferably near 532 nm, and an optical filter that rejects scattered excitation light and
passes longer wavelengths. Concentrated adsorbed particles may be released from the

surface by addition of a small amount of appropriate solvent prior to measurement.
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chal | enge species content on several nenbrane surfaces

in sequence. If a fluorescent chall enge species is
wais@d/o2donc| udi ng a nol ecul ar species that is reCHUS®OS/027132

on the nmenbrane by adsorption, an autonated detector
" preferably includes an excitation | aser, nost

PCetRhfiioh oTes %’amgﬁﬁg BfRanebid crdls W lfﬂt@dtlofnl 44 &Ppokdiiab dead
rejects scattered excitation |ight and passes | onger

end filizaiien, éngorecondemveiora raaldime aradysieef easqntigtien Hegreloee, a
Cross ﬁaoﬁilo g%fiﬁ%pr élg%"a&%ﬁtaggﬁsgﬂ‘fe\/%ﬁﬂé’d &J{tﬂ Haeggurﬂ)gﬁf@{ﬂne

[ Opri prior
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cross fl f||trat|on osed to dead, end
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permefif e HOML S SLEGErG 1t HECA G FULBUSY 1P THROR Ay

be maintai ned by a reS|stance to reject flow, prior to

OAn appRhtub ReindRb i@l froht £dandléd sirineatt ktidan@ flag $Se RIS NF,
h recove:ﬁ/ menbrane may be created by application

UF or MPgmmmeo ovreaCh Efombaang 18 |ﬂéﬁahlg1AFPCP/Fer§rﬁ WH1ORAPPAARE must
be hi gfﬂgr rQ%Etﬁ cHJ tﬁé !:ﬁ/all% ds@)%&g? of @te}‘@s@ UM bl Mﬁ%éﬁﬂran@ﬂlag be

Incrée rom a sanpl ed per neat

appro;ﬁ-tateeﬁji’ncﬂfmenmstﬁ)n'?@ soide ,patﬂ%lasr biuvfa hypattﬁ'ﬂimtmn rhiobraee will be
menbrane in the high recovery f ar at us

neededyipsqongentiptoymaller spesies; ag p&fﬁ“tui?é Yéﬁ ? | %Fg%fa fﬁ%@%‘ﬁ“@% Spytem or

metholl Mzt iEdkp orﬁeyfhi%ﬁ r%véﬁggf’l: BRI 2R h@%&ﬁéﬂlﬁia‘ﬁv&ﬁﬁge

concentration of some Icles, but a hyperfiltration
when meedtto aveduake tHe mtegn@em‘@d) DDNEcsmians r Ghsedesenghiedan US 5,858,240, -

NF m@fEaashay Seiaty tRteeisnee b st pachey RibsRnfighibis Phne

salts wm%fﬂ?é? %al&aﬁa&l&nﬁrlp foké Wh@ﬁulﬁdél&ﬂtsﬁgﬁes\/\&%@elléﬁtﬁfél}t 0
eval uate the integrit RO or NF systens. (As

retainade)s ¢he p@mqate susars, fem\ﬁmd N systery eomargor]y gontains salts, but
e SRR AUpEb HRBR LA R Ry

ConsefadritiyCan NF'Iﬂerhlh@ﬁ@mwy bBusad tb igyeatle Rbncptate a&dlvsﬁﬁﬁ challenge
selectively retained.) The perneate strea RO and

speciepysugly 8% wiate; st pyd B]%ﬂfrpléﬁt?ré"’ hilg kegping the hag @u
Condu%r%gsrelr él%/mﬂf&nﬂﬁfc%ﬁe@% ' nonoval ent ions that NF

asses nsequently, an NF nenbrane
may be used to greatly concentrate a dival ent

cThis Imath;cni sﬁ:bﬁémﬁﬁngﬂmrcoa@nﬁaﬁéraofea, pastcflat cballengg species in

hosphat whi |l e kee bac oun uctivity
the pefTBgRF e synilatnes SRREME SR e S ATy
ﬁltra’ugﬁ ?}I!Sdfhtﬁk Ay R YsEPRER B lvhAsty Of dﬁfer@ﬂ ﬂ@t%&tbfstdndrchallenge
enge species in the perneate after concentrating,

spemea Q&tﬁptwmgle’dmds insluder bt arenatilintited toirgepspremsiis of specific ion
concel&tﬁt{o‘rgra}étlm uatéx? EeJyC g)trd; o?g)brgg} {:‘%S%g%,‘t&%b?dﬁ‘&?ﬁdrﬁé%, Qbsorbance
of light, or fluorescence. It can be used with both naturally occurring and spiked
challenge species, but adding a challenge species to a feed stream may sometimes lessen
the impact of both variation in water quality and instrument drift over time. This more
sensitive method of detection is particularly advantageous when regulations or costs

inhibit higher feed concentration. For example, a detection system that includes
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speci es. Detection nethods include, but are not
limted to, neasurenents of specific ion
w@emweeedonat i on, conductivity, TOC (Total O ganPCT/US2005/027132
Carbon), turbidity, particles, absorbance of |ight, or
fluorescence. It can be used with both naturally
concend@titig kithdhiginrtbcsydrik Adpetfikitation geUS peanigane wotldatldiwigora
chal | enge species to a feed stream may so i nes
economigalsysg ﬁ@aﬁ%yaascw pEteks 7af flypeseent ﬁ%ﬁﬁﬁ%ﬁﬁ%ﬁﬂﬁ
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concentration. For exanple, a detection systemthat
incl udesconcentrati.n Lt h hi recover
PR PRTan B otiEeRb s G L BT bate fgnarates for the
high reR6@89 Appahtul 56 kBdws BRthht HHsuREcoBesttrafans inctheSamliig stream
fluorescent particles having >0.005 mcron dianeter

can beealpulstedy ddgrefaresit is drghttde thebperieptgdlosy ang eifhepiog or rejrch
flow b€ E‘ie%dil&[. eﬁ?\%g{?err@f eorﬁgp cgvc‘er? Qﬁqa?&ﬁ?is%ﬁo@fa% it rElgﬂvely
expe n y tests.

nsrve tror system eqri n anot her
stable piashe] it éohlsmpadibiesthit redudts b tifferaft nfeasudetmontp araydbetcempared

flowrates for the high recover ratus_.be known so
on a refiye baﬁg-ofeﬁ@ste%gwﬁaﬁosﬁgﬂqnﬁeﬁg glgm{ap HEmsF gamene
. i ;
ime 28 AR, Ao REEIG0 o SR FRLR OB
speciesnmés thedeed. Himilady, confpatisoes mayhisefatliy\be myadg e apnreximate

. oper.at i n el gtively stable nner,.it .,s al.so..
differefiS i pfallonfe eal g hepiceim e Vet i e & TPy oBe
systemcOMPared on a rel ative basis. For instance, useful
I nformati on may be obtained fromthe changing tine
profile within a perneate streamthat results from

i Intanother predereedpmbedimagnt ghediigleregevesy appasaius mckide geross flow

f 1Sk | . [ f m
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compaf@itty|tesinlét @Bd.eThis atlowt feail welovitich tobembintdinesthigindespite the

system I n_another preferred enbodi nent. the hi e
very h&é@%@p@%‘ﬁg? ¢ Fight Velqcilies ate bepgRiak 1o fhembgpse %gmwnzmg

concerlﬁea‘(iioﬂ %of&ri%m, a & @ai)lsﬁéd dRfs5 88300 cah ARthes RALEONR atith &R
at t out da h

et “en conpared to the inlet end. This
fluid residemes tifnee thav elightiotheesise distnet artinetvaiyiegicancgiirafios prefde of

.the very_high recoveries desired, H gh,velocities are
the el Ape PR FROSpbARISE BRI oS nY & Beederaf i
more (2OfeRiblyBY hidBast 8Tkt dfaBeIeohSEmsimest thehigaRodwery her

reduce variation in fluid residence tines that m ght
apparatistias wistaged design, twith the rejecy Soyi myltipbriwedulesprosiding the foed to

. of t reject stream Th S [ .
NFATIS P e e,
feed spicef @baeytidngl afead @@ be dorhbiatdin efie@withinm resure vessel (40).

BTN R TR R
| .
B e

channélickésssextional areas. It is desired that a distributor means (102) between

modules (2) improves feed flow uniformity within modules and that a brine seal (104) or
other means prevents bypass of downstream modules. The concentrated reject stream

leaves from a port (43) at the vessel’s outlet end (106) and a detector measures its
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feed spacer cross sectional areas may be conbined in
series wwthin a pressure vessel (40). The perneate
W@ 200plo2dogl st ream enters the vessel from a portPCHE}2088/027132
the vessel's inlet end (100) and is concentrated by
filtration within nodules (2) of successively smaller
conceﬁt%aﬁ)ntblﬁ ahalbhge smeeies s Both 1!)hf$adm‘tﬁ>dﬁﬁmt ahd thestaged desigh mhptise
. a distrihutor ans (102) between nodul es (2) inproves
eltheriﬂé%%leﬁq%&}o HYfo@}%ﬁfW hi n nodul es and thgt)a gPi ne
seal (104) or other nmeans prevents bypass of

dﬁl%}fetésﬁélﬂéllry&efeﬁ%d cThBEJIFRAE AbnplifdstidhPelbehh&Afated and
| eaves from’a port (43) at the vessel's outlet end

measufdl) 63 desadbed aboveds oemansd Stones partiselentsgionradta uspseb s permeate
1 challegﬁ§.%ﬁgcigs. Bo&h this enbodi nrent and the staged
colleclinregiPnHSIPE ARFORIMELAPIYE ot sheet or hol | ow fi ber
menbrane. In one especially preferred enbodi nent, a

s ARpihengpsdtiof &hls invelorciaoitdey simtitsheatly frrasutingdhe as
descri bed above, is renoved froma partjcul ar region
concegjfatign\pé § shpllangp sposisatEone af leest fqus Roingyy Bhin dsyestgl g permeate

: 1 ey .
collecfibfflelh, 9ok and B RGRe BRREGH Sim il PO, Hfifoves .
sensiti&itg haddfectgas syill beddusdmetiatxdngdet Neasnrepmnist mayb¢ imade a
. .. vessel's perneate collectjon regi.on. Detecti and
inside BRCeRrtIeRig CONEPIRNGRAR PF BHIAA TIPLEE SRRV T oves
simult%ﬁéb%hllty' hirhdted RitHSeRfle cARuMs Ald REasutdntty BhRbtdide the
exanpl'es. Measurénents may be made inside the perneate

permeaisldobettionrregieni Hrmeasurenienisprepestorpled nytsklerteapameaty be

ol ARG A o DRSS Aty o

probirg@@neits, ttfis P@@@t&d&ﬁam@v_s&r&n pET& Fedh e cindeitd 4re also
perneate coll ection region and perneate sarrPI es are

measugsd soatbetetie felditertines Jelagdictwesniggiangtagrbg clcplaiad. dMedng g
.. gondui g s r ) t am: dj
iR neld i e BN EHEDS Bl colle QU LB BT ChrbleEitico
makinrgel:uﬂtii)l‘é@nédaismwgfﬁi with pilflﬁﬁn/gecfblﬂl duieheomse dqprdsgure grop within the
cal cul at ed. ing multiple asyre ts inside a
permegiecollpetiongeging due i P@Fi%&’ﬁ‘éﬁ#‘&ﬁﬁgf 9 pErERUBPe of o
sampl oils EF%' rﬁbr@leﬁsige&‘ﬂg&@&rﬁﬂé to‘%{pﬁ& Rnopiing vathdy kthddard
ause 1) pressure drop wthrn the perneate
permeatel thibe; ahd B) timgidelaysiassotiated mathgropreating ddven theguching caduits

a. | arger nunber of sanpling .pai,nts ar. e _easi
are avgigefle VS PO SORENR 8RB IPSAYROY 0P HE PERIRIE o
collecl6H FEAE pk a P8el it niRiphehaY HesiS 2%t adsadl a¥édntblished
propagati ng down the probing conduits are avoi ded.

when Wiercomrecippnbaiweerempdules do pefdenstriet the digmetsy fer neemeste flpw.

er.neate cqll ectian .Legi ' . i .
prteff R BT BB SRR ISR bl with
axial $cal @IS 6BBEE 5O Mmdhkdseatth amdial esl that ivfound fsi permtate hibe.

di aneter for perneate flow Preferred interconnectors

for use with myltiple neasurepent points include those
Wity pre ed dev1cer:niJor smeultaneous y probing at Peastr}lour points, and more

preferably at least ten points, has conductivity cells at each point connected to wires that
extend from the permeate tubes and allow electrical signals to leave the vessel.
Conductivity cells are at known positions down the length of a vessel and are attached to
a support structure that extends axially within the permeate collection region. The probe
preferably allows combined conductivity from a specific set of holes within a permeate

tube to be substantially separated from that for bulk flow down the permeate tube.
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axi al seal (US 6,632,356) and those with a radial seal
that surround the perneate tube. A preferred device

wo eroed2aoul t aneously probing at | east four poi nPGT/US2S/027132

nore preferably at |east ten points, has conductivity

cells at each point connected to wires that extend
(“Subsfcerrmmly bepappeedYandans thap esleasd GO%I dfake kBqed hreanatd Badypeasesl
Iea e the vessel. Conduct cel | re.a nown

throu 6§Pt"r1 ﬁ%et@gmefﬂ’et he parERSsteR 3@%?% Bét“éi $ached
conduétﬁfnﬁecéﬂ ertd j8dt A GhsttGnd Sedn 1ﬁfé¥<%ﬂﬂ&:t&’ﬂtﬁ h#)s%re‘ﬁﬂnté}‘tﬂe the

ate col Pection region. The probe preferably
hole wahirmhs peorsisieriebe efthd S!dtsecyuetlymbduim s thgdedksiattheet of

interoodon teal v e FRBEE oy, IR SRR ABOS 3 IRbanest

upstrezirh! tame§ upstlearh an tHistds¥ beRBAeBA&n tOBRANT phfddateflow SAfin the
Yo of the |iquid neasured had passed through a

tube.) shp;e@m d@elgest th@fpmhﬂ mazy beslidie vperifseaxiad posiben.) Bpeaugg i és not

s 85O GAPLRR BoBRARAGHAM pELLebEErpahie

probe fnlaff Séquh@ |1@s cblvfitHiIh ﬂlep&ﬁs&ﬁ@pmﬂdatb&oﬁécﬁd‘m&egub slmubmt
SOt | eaks, at the inter connect or' s seal
tradltlcrmyp@be rordit fIh@tfforeAt FSYGFIBaig 1 plage dyipgeneraiondpempgths
min this case being
w1tho%§?os@1§5ﬂﬂﬁ?%‘5cﬁﬁ&#&? ?rli:@t%%eﬁ ow within the tube.) In

sonme designs, the probe may be slid to vary its axi al
pleigs. t9- binilluBexa aseprieferied etrdtodmezm fordlie probe émvfeﬂ@émey he

di fferent . perneate st.rea mthe ssel
used (e T BRI FeurrLr ne o iR desiel hhimene
collect¥Si2gionS Permeate col |l ection region than the
tradrtional probe conduit. Therefore, it may remain in
pl ace during operation for nonths w thout

slitgs? shoscthe 9ut@te@trﬁ@af: 03 pE Bipbp pGtioR AbE cstends dpwn e 1
| t
pemele HBEENE A BOREEE T RRIRIL: { Op SRS an ai
permeste Be (48)autromditg Bﬁ\pefradaatmba(@, s ddscntbed m élSs]hitém

| ion.
6632555, Fadu fresoiereonnspion @Beioss abt stieb e i Stiinetiee
flow. %g) dﬁF@ ?181%5' BEde Blitel Mf&gl(f‘ﬂﬁ ¥ tﬁé%%eecﬁtgnmﬁt ﬁét\ﬁheate tube

own are jOIne an axi al per neate seal

holes ((24Bandsamppmm petiregptivh ef ﬂewrtbamgh indbxadia holes 240 door bukdlow

Pat en 632,.356 that h t ect
withiny B erERSae DRCHEBAGHPP TS PSSR L o B ORI ge ghpertures
(114) ﬁﬂsﬁ’éﬁm%@ Bhé #o88le(siE) pdrfedtb BolRY { HI6) Sddtétt Beakd ikDthe BErmeate

the probe align with perneate tube holes (24) and
seal (48upport segregati on of flow through individual holes
(24) frombulk floww thin the perneate collection

%E ?g raré&r Tf T%%%lt %ail Qleg}rsn Qlé ?lld.nsgﬁﬂrirfé%ﬁﬁ etﬁ'gf%rltetrl g?:@hs for
segregﬁ&tig‘r’etﬂk élohDWﬂlSm(tﬂdﬁénﬂeatedneﬂamton lregibus from piehmeate flowadheugh

seal
specific sets o hol)es In this embodiment, each cell consists of an outer electrode (118),

an inner electrode (120), and an insulating spacer (122) that separates the two electrodes
and provides a path for permeate flow through the cell. An outer pipe with apertures
serves as both the outer electrode (118) and as a support structure for probe. Wires (124)
attached to the cylindrical inner electrodes extend to one end of the probe and allow
conductivity within each cell to be measured outside of the vessel. In the arrangement

shown, a conductivity cell upstream of a module’s first permeate tube hole (116) detects
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Figs 10 and 11 are cut-away views that illustrating
one preferred neans for segregating bulk flow w thin
w0 b@sfozqomeat e col | ection regi on from perneate PCDWS2005/027132
t hrough specific sets of holes. In this enbodi nent,
each cell consists of an outer electrode (118), an

leaks ih ApRfmedt€sdal. odendutBUity frambiledt celisidlsabstargialpdaeto thdt2A2gm
that separates the two el ectrodes and provides .a path

liquid passingahiough a set of fpuriernetic e heles) cachhat thesame Friplarogjtion
. r t !
down BEHIHE i8NG B FRA B, Mo RE b fou o R
truncatedhé¢ p@beythisngahgahent nfiedllsdd paticdeidy advahtagebuson tasengthe
. .of the probe d all ow conductivity within each cel
mtegnfyooﬁc?es%éggmdg@. outsi de of the vessel. In the
arrangenent shown, a conductivity cell upstreamof a

MPioBlowidd dxdinpRRIINRRsE (sjﬁééﬁﬁ: inasteativa %}@émlﬂéé ®hich g abSneans

in a perneate Seal. Conductivity fromother cells is
limit tisadpepaof thalinventios to that from i quid passing through
a set of four perneate tube holes, each at the sane
axi al position down t . Fig 9 shows two
nodul es in series. However, wth nodifications to
truncate the probe, this arrangenent of cells is
A spirglavduindibrackiish watsrdnpadiation modwds tasgant 4167 ipsi wsgng & guref

water §dc ot Bir fedendsatie e AP eS AR R Bghetas rsdihon phaqo0
ppm ]\%ésg){ GAR FedlsoliRE wal ‘é@ﬁfsﬂéﬂ'baclgmb Kafer AndRhé ﬂelsul‘ﬁﬁ% f}ﬂlse in

ckish water hyperfiltration nodul e was run at

feed chdlengs comgertrasioncaswetarmineddry. copductivity mepswed afritie inpuhend of

, feed t | e was, swtched,to.a.solugion of 2

the ol el VHTESHHeS ECHTRRO GRS ok B lR? Bhostrghons

within¥hé Rled paRRe id MBwheS Wbl P BUl se in feed chal | enge
concentpratl on, as determ ned by conductivity neasured

. at the input end of the nodule, had a FWHM of |ess
Within theperneaiewbn ab thesaisal eruandineduls, aiprehegesieapied Rermeaiediem

1 hi Lea | . . i hi T

w0, KO SRR 0| AR T, el

comprised teelat echduéts (20125 foutemdimiata) efimpeghamene meter in length.
corresponding to individual holes in the rneate, ..

The preggge ogﬁlssw%wéccwﬂﬁ Ve thoeprReatedh Wf@%@%ﬁ‘%’étanﬂaﬂy

increa%tlﬁa'bﬁﬁye?sﬁifé &L’Qhe A odiRY, g1 1R SacfBEEval Aot R&¥QLfd. The
presence of t

ese many conduits wthin the perneate
t ube woul d have substantially increased backpressure
Fig. 6 showshthe melatiyeecona¢nttatiogthmeasused ycqoadedivity sampled from four

. . Flg, L t] '
e LR s 3 B0 el DA PRI b8P
through88di9TRal @Rdiid o nichsuréd, sotbatahelishé elak bisoiatadeawith
perneate tube. Flow rates thr oug[h i ndi gi dual

. A ondyi t's
flowingehough s soedl cogduitsies lenesym:  The T 2870 Basksen affaiedgripach

conduit position to remove this delay.

This module was known to have an insert leak at one end. At position #1, permeate was
collected from the hole in the permeate collection tube nearest the inlet end of the
module, and this position demonstrated the greatest increase in permeate concentration.
Position #1 also showed the earliest peak in time, and its time profile is similar to that for
the feed liquid. Position #2 corresponded to a region just one inch away from position #1.

Despite their proximity, position #2 does not demonstrate the early increase in
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flowi ng through the small conduits was known. The tine
zero has been adjusted for each conduit position to
wo 20wzt hi s del ay. This nodul e was known t o hB@BEUS2905/027132
insert |eak at one end. At position # 1, perneate was
collected fromthe hole in the perneate collection
concedttition) @@l iestimé p@filewes vendindfar tmmarmﬂahed iotter fintact”

sectloﬁfﬁ%%%zdgéﬁzﬁéééqe%#sc?%%cﬁ% ettt BRI BE Hpemdifie
1mpaclt.ei§ t%at &ﬁ@hsh#@?ﬁ Pcﬁﬁﬂ) H7ShbwiR wg@fﬂc{e‘asé Sp%hﬁbe{t@r

Por t i qU| Posi t1on cor responded
concerttttianraegiaepgsitian inrtend, metl rammyecf fromtias 3“01t‘111m0tﬁ‘ leglons of the

ite their proximt osition #2 does.not ..
modulfe, PP Ao GCER BN Pryehle PR tst P T SRER JhF 15 4id ngtg
demoﬂsﬁrﬁtetab FEbRArfh] iPindREse4f chndentthfic. T BildHalGhefle\ieh | N
her "intact” sections of the npdule. This m)dul e

pOSItICHi #fohddaifiest viekisuim that wheslightli shifigé fionmiat fenan (‘ingact” region

I mpact | e t 03|t ns._#6 ,and #7.
and o WB3Eb S5 Fl DRTL OB e Bl RBASR 1R
positidr 7 tRALéADFbak Frob Watldﬁﬂkd ref@teaaer Bocatsettheleakk Gdused
intact” regions of the nodule. Position #6 segr egat ed

differqné Arrislaebocitiasrin diffarens megionsct thnpgrmenigcarrier shegt-not

denonstrate as substantial an increase in
concentration. The bi npdajpprofil e from position #6
had a first maxi num t hat vvasﬁo%i ghtly shifted from
that for an "intact" region and a second peak that

A spirel wiowerd ssawatenbigterfilaation miodele (RdmEonPM3Oe? 46) h&venmvalmsert

teak o} i i Qe st Ui Ene P o R b IR B e
specic¥ &l @@ifbddesr Herbqudefvffa%rc%h&edﬂﬁgtbﬁ@&raﬁiy feb&cﬁ@fpﬂiﬁé\ﬁf@ter with a

carrier sheet. EXAMPLE 2 spi ral wound seawat er

challengqomef:ues fqeétsbblﬁomﬂ LTG0 yomp Mﬁﬁ&; Shg §VeHNDL thepplsg wah
t d of
stently 88 hap AR Esidse: Ty DRUNF B G Gitufhiest 8 B e ©

the feed. The pul se was created by terrporarlly
The 40 @rhaehg@odule evasadsesd with tweedifamht eegatape.clresfifsetest, the

| uti f 1700 p SsHA. T FWHM aof t |
moduéﬁv%@i%gteﬁé@gﬂ%@ﬁﬁw il st gﬂ&ﬁfl?eég il$ Wat e inlet
end. zg\g ?Equgea%‘\g& I%ﬁi]ov\é@ﬁoggtﬁaﬂﬁlet end6F tAOnioBelR. PR YedBREWSE the

t est ferent orientations, hi a first
moduleess, revdlmdrmdhdttehe/\b;ak s eirfhednd Grthest wway Gronhieoth thesalet end

vessel so tha nsert k was at, t I l,et end
and thg BRI NAb o RS BR3P AFP ke oy e o€t n
the peﬁPﬂHélﬁon fe'l‘atﬁef’t@ gRYPat ?ésﬁbloﬂ HReRRd il Bie\RS t6stVWE Selkveahis
hat | eak was "at the end farthest away from both

delayWaedumtOethISthdnmOmﬁétab@nﬂ’éfhﬁélqdélﬁoval end. The second
test denonstrated a delay often seconds in the peak

position relative to t]@gegﬁq? osition observed in the
first test. We believ ay was due to this
change in orientation of the nodule.

Twenty seawater spiral wound modules (FILMTEC SW30-2540) were tested using the

method of the invention at 150 psi applied pressure with a challenge pulse. Pure water
was replaced temporarily with a pulse having FWHM less than 40 seconds. At its peak
concentration, this feed pulse was approximately 3% MgSOs, resulting in an osmotic
strength of about 100 psi. Conductivity was used to measure concentration of the

permeate and was recorded as a function of time during this pulse test.
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EXAMPLE 3 Twenty seawater spiral wound nodul es
(FI LMTEC SWBO- 2540) were tested using the nethod of
wo b@ciompent i on at 150 psi applied pressure w tPCHUS2005/027132
chal I enge pul se. Pure water was replaced tenporarily
with a pul se having FWHM | ess than 40 seconds. At its
“Intactp @gddubes Nasetetdrminedfrorh Miter stameardehsseriass (ﬂ)jb%d‘)hi(ﬁamm I51),

3% resulting.in an osnptic stre f about
demoni%g/(gglrmfatemmé?ﬁlw foy MgRO4 /8 ke pomsatg SB 7 omd e

proﬁ1ecf810&?eafuhgg; f I%A)ga!ﬂﬁ f&%%a”gqu mﬁgtr ?ﬁ@f&ﬁi‘ﬁfgfﬁocﬁle

funct1on uring this pulse te I ntac
demonstoated bighergseakl @omreniratieh dndoum dadiee peakt evtdtar tine, dwitat er

i e S S R R SRR L e L
also bd dBTERn&S B édb%ra&t‘ﬁ{g the klﬁ%rﬂﬁle'}&déﬂyﬁlc@ﬁ)mﬁﬁﬂ oh&fulé@Rom that

"Intact™ nodul e (B). | eaki ng" nodul e denonstr at ed
observh(ii@héheb@lakgmd@@tratl on and an earlier peak elution
time, both individually indicative of a defect. In

this exanple, inprove ?éﬁﬁ |V|ty to defects can al so
be obt ai ned by subtraézﬁlngﬂ“ﬁe time profile for a

typical "intact” nodule fromthat observed for the
Two FIIMIEQINFRG 40 enodidédmRLR edted uaing theMidr@ fAdhareB < Stamdaadi tesisfor

e tested usi the ufacturer's s d est for
that medpl¢ e e m%@ Pt RpResd %?SS&@%%?% Dasgage
for Mo‘a'hfesé Wg@b 590 Bed M%@@E%@Q% 1.6%. £hibbiegstdwa% and

ule'Dit was 1.6% Using a bubble test, we
detemrﬂtmddhathedhleli)dladmdmeetl@ﬂhad an insert leak. A

chal | enge species was introduced to each nodul e at an

A chalﬁe%%:: igqeeé: ; essrztr Sl 75 Sagﬁ{nﬁ) ulte%{)%a géﬂh%g g)?és g%T l7'5']ps1 with a

pulse sFébliabesul@te HRAPEW! DM 2448 thah40Racnde osodiamaatfhte wasyhosen
intact menbrane and because its_osnotic pressure is,

becausedt basigped yeientign bydrtagt merlne atlacayssis sametc BIpsTue &
relatlvgll&%?%bu%]r ]a?é\galﬁ cgﬁgéﬁltr%tl 5t hfSles ? Gisd ch %&ﬁ&é"@; shteﬁed

concentr f'onin e pul se of % and
twice, 0ACEWith b naximami feedecdneadration drethie patse 0fi017P0 dutdeomza fvgth f

1.5% Because. a 1.5% solu f sodi qu
maxiniSiisel GORRE AR R I O bl Fcie 2 1108 Spluftrag D
sulfatel(}{lﬁlrglﬁrrll\gﬁ*tﬁﬁﬁéj o ug@ grﬁ:bﬂ%r thah 98 %§1V e peﬁﬁeﬁ@ﬁﬁ@@ﬁ@s&ﬁ{ ddaf a

I's preventéd the permeate |ine Trom
reserv«an‘pf pérmgatehselution dexieg the tedt,dimdmwentgdt the ppumeste lirm fom g
results of . the € tests at both conditions.
emptyﬁ&d&lpt@g@VFfSﬁle&/eméﬁ ¢ PUOr mal i zed perneat e
concentrations were cal cul ated by dividing nmeasured
Fig. 8 BgtwiBh8ts OISl seteétd BSbdily céduietiom X Relative eam-dependent,

normaﬁggdcpeerllrtnggtte Icgrrllcelrl‘gatggnes vseig E:alcul:l)a?ttegl b; %{Vl(ﬁtelé %%ggu?’ed permeate
concentrations by the maximum feed concentration in the test. Data for permeate
concentrations were obtained by measuring permeate conductivity at 5 second intervals.
Fig. 8 illustrates that this interval was too long to accurately quantify the maximum peak
height for Module D at 1.5%. Even so, this example showed a greater maximum
normalized concentration when Module D was tested with 1.5% sodium sulfate. The
ratio of maximum normalized concentration for Module D (leaking) to Module C

(“intact’) was also greater for tests with 1.5% sodium sulfate.
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concentrations were obtained by neasuring perneate
conductivity at 5 second intervals. Fig. 8 illustrates

w0 b@b/oedois | nterval was too | ong to accur at el yPCIYas100$/§27132
t he maxi num peak height for Mddule D at 1.5% Even so,
this exanpl e showed a greater nmaxi num normali zed
concentration when MydBXANPLAS tested wth 1.5%
sodi um sul fate. The rati o of maxi mum nornalized

Abra%%nﬁ #?%3%3&21;%@@5 ﬁﬂgf " n%%tgagﬁ y?f’%“ﬁ%%%l um

passa%él hilﬁ% StafdeVRIsEcondfidak QR 5 81, BayEN a@l? dhid Beh flsb MR a pulse

540) was tested for st ead%/ e salt passage
test ot]ﬁxen@‘/@tlandEh@pwléestestc\@men‘foangd Y mﬁc@g 1es@voigs fum D)

O S B A B G 8Py

great&&haﬁypstndMHWHané pilsd Rt WG epBimedPy teathoRiri§ %pﬂzﬁ:mg
result in a feed pulse of slightly greater than 30

pure %t@bW&E 3ﬂms%wdwn§@tw§pf fepepaedteparmengured and recorded
as a fLERAGRELeyY replacing pure water with 3% MySO4, and
on uctivity of the perneate was neasured and recorded
as a function of tinme. The steady-state salt passage
The stredg-statersaliypassage sieasvded by thestanfard 88 0 4R %, abthepiutse test

test resulted a. perneat onductjvjt eak of 9
resultg g Bema&afﬁ.cﬁnéwmg o deon AfuafasdiseEEirte g mal
defecPin dl3®f mﬁb@ulé ﬁrlﬁie feEt@ \Je?égecrfd?ﬁ]lr 66 f h88ndard test

agai n. The st an est ncrease I n
showedhi Smﬂbwmgee int salt@a?éﬁge, padgabepasknge, bt thquiledestestulted in a
resulted i n surpris ar nducti vit peak
surpriginelylaee ARRGICtiTHE awfr#(r?% r#%# gt ﬁ%}né@muahaﬁqwed rejection
for Tm(%aéﬁg) "&Eﬁ S Hat st Q"? tgﬁhaﬂ(ﬁ%& WouktProt
the stan tes wou not have’ pi cke up this
have pieketup thiHGEFALE 6 An o-ring | eak vvas simul ated at the
end of one nodul e (FI LMIEC TWBO-2540) by creating a
smal | hol e through the tube wal |l near that
end. Passage of Nad f%ﬁg\ﬁgﬁé dul e during a standard
test increased from0.6%to 2.6% This nodule and two

An o-gingildakrwashithulared aﬂﬂﬁ%dd oﬁBMn@&ul%FI@M’DE@ qov3 012541]’) ibg's
essure vessel he tine required for

Creatiilgtagmgg %@@dbroagh th@@er@@%}e Bibegwalknear that ends é’aﬁﬁagﬁpf Negt for
that rﬁéfa %%ﬁglaes%dh;a ttdendrdstdl #8h 6 5“ ecS 2% oS RR %ufdulee diehs

enent) was appr oxi nat e secon
simila] bug htymigedgandileswereieadedés Eerreatn&d afpmssmrh @etsal. t Bie time

.t 1 [ .. The t d t.h
requissudng Laqing e Gk Seed e 1AL KA P RdB e
first OMBE %wﬁ@%@ 116\ @Hn 208 8leARh W RR 5@&1n%ta§q@@eéond;rh&d

vessel has a cross-flow confi ura I on oW ng
slightly longer times were estimated for the latter two elements in series. The system was

examined with a pulse test of the invention by switching from RO feed water to MgSO4
challenge solution for 5 seconds; The vessel has a cross-flow configuration, allowing
permeate to exit at the same end as the feed inlet. Permeate was taken off the feed inlet
end of the vessel. The position and orientation of the damaged module was then moved
within the vessel, and a new pulse test was performed. Rerunning the test with the
damaged module in a different position continued so that the impact from four potential
leak positions could be examined. Two of these positions represented o-ring leaks at

module interconnector positions while two positions represented o-ring leaks near vessel
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time, whereesRassAzE ANTAREh | §00d” BIOgFIes {5 Fpgca
1eaks$vQ§&u&*aséagood" nodul es is spread over a |onger tine,

perneate to exit at the same end as the feed inlet.
Per neate was taken off the feed inlet end of the
wQ e@smdReo1The position and orientation of the deOERYSI05/027132
nodul e was then noved within the vessel, and a new
pul se test was perfornmed. Rerunning the test with the

end ad@ﬁt’éﬁﬁ&%dﬂéd 6. 1 Nstdwilitht@6&8n BRE iof tHRTotsUsitidnedated a
that the inpact fromfour potential |eak positions

differenbtimg depengdgaipenagate vighalof t hese positions represented

o-ring | eaks at nodul e interconnector positions while

two positions repr esegﬁ%gfh#ﬁg | eaks near vessel end
S

adapter positions. FlI ows that |eaks in each of

o StorER e RORERE el e o b pafREREREAR

operatB® il B3 LAE2/Br hrrdledo0 psisid 3396 tdtbeerf Phefeed mataressiined a

and operated at 19.3 L/ nR2/hr average, 60 psi, and 33%

variety etioneayd hapeeconduetivityiad 568 grthai ARHIng coRHRUOLY OBgratigsh he

ot ESRINEL ol o PRELTEIR B9 DE0H AR

A pul%%@s@foif tfeiRtdriBn Ws{%ﬁ BEESRAh yAnGOMbE 4 fVd-yecohd plde HTEddium

pul se test of e i nvention was perforned by A
sulfatd. i lCotfughioms the feswlting sosritppadestpamests gpaduciuity fardhe F| G

o SB35 T SO R B gy s

o-+iRe (B PR ot Yifd 1Rk @hd 6f oneSladfy G)Ee Aethsudishe irrlntéd/leakcaed
one at g(gne o-ring (F) and at the back end of one leaf (Q.

little chimgedn gihe pevmchts gordigtivbn e dring standard IPAFGEN: 3% t he
indicali ot 160 SR8 Bl Gbbd o AEBRID Al HPALGE SEBMRIL ot

demorish@tedrdapihg thehildetpac Becduse amdh lbadkakasmacetermtrdsyitian eghort

during the pul se test, Because ea%h | e

WY EY %ﬁg@%jgg% gensitivity to

sensitivity to | eaks was increased. EXAMPLE 8 A

FI LMTEC BWOO nodul e V@Eﬁggq } ped using a pul se
O MSH having a FWHM 0 -srﬂegonds. The rel ative
concentrations within the feed pulse (J) and the

r asEILIM TEC B W Umpduld evas epamimed using p piilse of MgSQarheving a
shown in FJ]G 14. In the fi Y '
FWH i OpteF ooy is rravasronsmibione wiiedip et Ry%E e o i

result%%gﬁ@égéape\[zg&i;t gleﬁnetafé profitle (KgaH dhohd ih FEON4980he figure,

cogni Zed that the first peak in tine

permeater sigrmpoard suliipljedyzagacior WL Bheamppnng daieprmeate profile to

nenbr ane, ..and,,t h econd peak |j ' .
that R om0 B oA SSREREr PRCC Bt PRyt b edhresponds
to pasE&eFNIEI0] thrchghtgostbrHethBrahe, add the Reortdyeak iMiB4vas due to
passage after the pulse was within a normal r %nge f 8r
a defech eIl moduledggd better than average NaCl rejection 1n a standard test, and the
total MgSO, passage after the pulse was within a normal range for the pulse test.
However, the shape of the time-dependent permeate signal indicated a leak, and this was

verified by autopsy of the module.
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However, the shape of the tinme-dependent perneate
signal indicated a leak, and this was verified by

wa@ewepsp1nf the nodule. W Claim 1. A process POF/US2005/027132

detecting defects in a nenbrane filtration system
havi ng at | east one spiral wound hyperfiltration
nmodul e in a vessel conprising the three sequenti al
steps of: a. passing a first feed liquid across the
surface of a nmenbrane while applying pressure to said

We dlaipst feed liquid so that a perneate solution and a

and reject solutions are produced; b. introducing a

second feed |iquid under pressure, said second feed
lilqui d & Bmcé$5rfph§€t90t@§éﬂefeéﬁgé agnssehrang fijngtion system having at

n sal secon

least 819@%321'% 15 Pﬁlﬁ%ﬁgn ek 3{'? ?a%?%%@%g%%@?tehg% Agﬁg&ttial

stepso&i d first I i qui d, and wherein said chall enge species

is characterized as being at |east 97%rejected at

regi ons of. inta nbr ane; i ntrod a third

{ doa | ST B HAGHe BB s iruEpre EHomEnbges e applying

| frEQEHAGS kAA %rgffeem;qﬁl@ @&&aﬁa pthehtRisbRitibs ol h hitt skt

result in a pulse of” chall enge species characterized

bysolutiopnaremreducedin profile in time for said chall enge

speC|es havi ng FMHM of less than four m nutes, and
rther [ c .
At \}rét?cgcgﬁlé I%ofﬁgcg P&& bl ggerﬁ)rll%sur%g%ug éeggn& Pe%d liquid

wnobhtarnus@a dhgblengegieeles ahe¢ltdneBntaBiod of v4ia thallengé spdcie being
and e. evaluating the integrity of said filtratjon

s;ﬁé%‘f@?htwce&éMmﬁQIQ$@méw%@&0mwdde gaif dsiliquid, and

p

P FieEéth Sail cBilfineb Shdtick PR ized py Ui AIORES Ty:Thiorted a

saeglompafiihiaci membimnect eri zed by a FWHM of | ess than

two m nutes and said relative concentrati on of said

chal | en ec e erneat e ,sol.u

e ect datoiiacBirgird oo F Aol B SR Seitit e dodegsive

S eptdtRiRtiSas ofiiBidRESsRISHd Fhir® el ﬂid‘M@ﬁR iiNa palséloPétafBnge

of chall enge species within said nodule is

c sneciest dharagtenized by a Fyngenatianayefilelia finedpr spid chrdlnge wedies

f said chall enge species

mﬁ?ﬁmﬁ sal g%@%ﬁ@ hm?%llﬁg% is detected and recorded

intervals of less than 2 seconds. 4. The process of

andﬁnﬂaxnmﬁmmhﬁgeln sai d pul se of chall enge species within

said
d. detecting and recording the relative concentration of said challenge species

within said permeate solution as a function of time, and

e. evaluating the integrity of said filtration system by comparing the recorded

time dependent permeate signal to a reference,

2. The process of claim 1 wherein said pulse of challenge species within said

module is characterized by a FWHM of less than two minutes and said relative
concentration of said challenge species within said permeate solution is detected and

recorded at intervals of less than 10 seconds.
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nodul e i s characterized by a FWHM of | ess than five
seconds and said relative concentration of said

W@e b@bloxqoge species within said pernmeate sol utiPeT/iUS2005/027132
detected and recorded at intervals of less than 1
seconds. 5. The process of claim3 wherein said
f i3t r atTherpregess efvlgsionpivheRth @id/edsedf chalkénge rsjf:»élgescmiltmn said
one hyperfiltration nodule. 6. The process of claim2

modujgis chiracterized iy 3 FWATYIoH lesy Shaa oty pgsopdeand saidueiagve

cons G010 10 chubSehel I N L ek g T oy

recordsinm intervplsed $ass thanf2 sadmissecond feed liquid is greater
than the osnotic pressures for both said first and
a

RN 8 R B Lt AL S
modul s cREH 6 £ 13 2 BWHM TS thah &R skédids Bnd &id dMfive

process of claim1 wherein said pul se of challenge

concegpatioreal sayl chatlergerspedievyithin|ssidgermenie saliidon is deteeted and
fin i€ [JiCrease in osnotic pressure,

recor(geﬁladtt“ﬁgnﬁét&(léslg \%/}P’]?}lg1 %é?%drg}t ial at the surface of said

menbrane i s made negative by said | onger duration

pyl se. The pldvespofatans3 wherelnadaid filtratien systent bemprides @ vefsel

chal%gnge pecj.es has 3 Geading edge resulting from
contajying QY on¢ BPestltstpymodilsnd feed |iquid, and the FWHM

of the pulse of challenge species is |less than the

LigTe T egiink&ldsd S cldife WhadinNAiCHBaLet sfshen %&hﬁﬁse@fa vessel
chal | enge "species to traverse the | ength of the
containpag dtdeast recthperfilvatemsmoduled iaisanies. wher ei n sai d rej ect
solution is physically segregated at tines
cof respondi n Al. C ent rat i i [l
cpeci oaTopEart i PSR o FhosR FrEsieBrsfddBoond
feed 16juad 19 gkéhtertiRareths osbtic pleadurdaebath egitl €6 stiand Said dhird feed
segregated reject solutjon iis used to produce a

lquids, grdehrBehdriinaseotentiabidhe Btee spead wmbrane s Daggaesagve by
introcﬁ‘l%{i&féﬁaﬁ?se\?\%ﬁé f‘é.‘é@ligﬁ'd.sa' d nenbrane. 12. The process
of claiml erern S

1 . .
anpling stream representative of
said perneate solution is concentrated using a high

r éc ov erkherpeodessaofcclzipphwhties) sagbpulseat! chhldenge spendsriait i on

suro g SIAIGES <3BRGh Sl Aok Bl et A Blsbu s
and tifd ik BH<inphRteatifl & MckurRESHBRIEMESbARE & Mtk RighBVe B said

| east one earlier test of the same system
longer duration pulse.

9. The process of claim 1 wherein the pulse of challenge species has a

leading edge resulting from introduction of said second feed liquid, and the FWHM of the

pulse of challenge species is less than the time required for the leading edge of the pulse

of challehge species to traverse the length of the module.

10.  The process of claim 2 wherein said reject solution is physically
segregated at times corresponding to high concentration of said challenge species in said

reject solution.
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14. The process of claim2 wherein said reference is
obtai ned after testing at |east three essentially

weouwewadoent systens. 15. The process of clai m PCTMIS2065/027132

said reference is obtained after running a conputer
programthat estimates the tinme dependent perneation
of 1.chaTheprgeess p€ claas 10 Raieralw sdid chigdlenpd spetiesnin ohid saptepated

. were present in the fjltratio s%(st m 16. .Th rocesg
reject spluGaTER weetl \HEPICR ASHPIApRTY PULSs of CiIHRge Phrips ekl passe
acrossqﬁégﬁficé‘? e EheLfi ng the relative concentrations of

sal caha fenge species fromat least five points

within said vessel's perneate collection region, 17.
Th: prBbeswces of chaim! Mhentie peampking Hream| rgpieventative of said

concentrations are detect.ed and recorded at |nterval
permeg? 5p L FYE0om RGBS Heh o Peugraefpatals? S Bafite
conceRHOH GF bHdlIergé: Sldotes liPigaletetd Wytdhth&tosef  1asesis@htysprior to

ernmeate coll'ection region; wherein said filtration

detectiopst em conpri ses a vessel containing at |east three

hyperfiltration nodules in series. 18. The process of

cjai m | | ¥, BT RIASARE Bt least

die 'ecté@e%gés‘rigggf@é% ‘{é}?érléﬁr%tsérﬂ\?gé%ﬁo ltsI esé t han 10eas one
earlierxest @fi e samiengstam. | east ten conductivity cells | ocated

Wi thin said vessel's perneate collection region;

wherein said filtration systemc rises.a Vv el ..

B ai A EFogessiof 6Tt AR e AT eBRch DAt anc i SRe osne a
least tﬁ’t%@%?s%ﬁtlaﬁfy é?;'llﬁ}a[@n%s _@I n_ a detect o_r measures the

concentratiion profile in tinme for said chall enge

species within the feed.20. The process_of claim1l .
whr ei Ahepiogessiodiclaimgevkgseinisaid reigreace ispbiairgdeifer running a

article of di. ] :
complifirifisfy 8o SRR s $ERbRab Yareain oPLEIAR: spdics tha
wouldi 8sit llny AbRBHs vasé preserd 2n thEHBtrgtioncsgstsmof ¢l ai m 2
wherein said chall enge species is a sulfate anion. 23.

The process of claim2 wherein said challenge.s i es
| 46 det &be Bipopy of |C§gpéswléﬁ@8.slé mfo‘%eﬂse FeEisE (rissiie

and re%ofﬁgfg thé Pelétﬁ}e%oﬁt‘éﬂulaﬁﬂ&eot%ﬁﬁcdhﬁﬁeﬂaé sPRIQAFERA ablast five
conduc ty. 25. Th

trvity. e process of claim2 wherein said
pointsohithih said eespeBs permeats adiedimadgiby. absor ption of 1ight.
26. The process of claim3 wherein said filtration

13T TR B3 ST AR G o e dscs

and reebRIS8 Uf Mted¥als of WsStha® N0l séceads ikt deassiogr eaidactitityacells
the osmotic pressures fgor both sai OL fi.rst, %nd sai d
locatedpyyithin said vessel’s permeate collection region; wherein said filtration system

comprises a vessel containing at least three hyperfiltration modules in series.

18.  The process of claim 16 wherein said relative concentrations are detected
and recorded at intervals of less than 10 seconds using at least ten conductivity cells
located within said vessel’s permeate collection region; wherein said filtration system

comprises a vessel containing a single hyperfiltration module.

19.  The process of claim 1 wherein a detector measures the concentration

profile in time for said challenge species within the feed.
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feed liquids, and the net driving potential at the
surface of said nenbrane is nade negative by
wo epbae@nent of said first feed |iquid by sai dPGEHUS2IUAS/027132
feed liquid. 27. A probe array, suitable for neasuring
changes in conductivity caused by changes in
c@ocentThatpronss 6f claifal 9ddrefPaid amllth@pBees Rra0lifResdent
ressure vessel contalnlng one or nore spiral wound
particlg ok digmetsheieaien thea OMRmiciBs i n series; each of said
nodul es havi ng a perneate tube, mhereln the perneate
tynes ‘ﬁhe@ﬁb&@@@f clAmAY \\Axﬁxéreld dai lle s G&B@&%b&%\?al 'aﬁﬂm.
an 1 nterconnector and ereint ate tu the
first or last nodule in series, or both IS connect ed
t @2t he Thegsedesywi Haizn % whewsin @icﬁclaﬂarpgeap,eciamis agsulfate anion.
perneate coll ection region i s defined by the vol une
s rou lec ntubes, .theifr
s cotdrfr0St IRR! £ a8 Eld AUbIREPest TR dseiv bre
ﬂuam&&mbe array conprises: a. a support structure suitable
for axial insertion into the vessel's perneate
cql l ection regi and capabl e of _hol di ng
cdfld uctﬂ\‘ﬂpﬂfeﬁe&%@ﬁn claipn 4 %Pls@gusa afl§Rge SRPeiRs i delegted by
(mnmﬂﬁgggate col l ection reglon b. at |east four
conductivity cells each nounted on said support
structure; wherein each of said conductivity cells
c@fmunilbetpeecess ofclamel whersal sagl grallengerspetienisaatected by
b cqga%%e f conveying a signal from outside the vessel
abso 1 ong the perneate collection region, to the
conductivity cell, and and wherein each of said
c Qﬁd uctThéipiyceseof @mm&ieﬁﬁaﬁsﬁl\tﬂaﬁbh a3t eshpri®ak vessel
I.gnal, out put nmeans, capable of conveying a signa
contamﬁﬁ flagleé)da%nﬁévratwmo and vghgreip the MRS pressuisof seidt e
I
L T e S
feed laplidss andsthp mst drivang potentidl hethe syfaetof said niremt bradeeis nidde

neget g 0FapPIa et o 1 S o By CELAeegH BE RS ¢ ough

perneate tube holes froma bulk floww thin said
vegsel 'ApiB8E HRAY,Suftftlé Rﬁ%é&@uﬁ@%h@ﬁges@@ corldRtifity 8s&f by
cIa|n127 wherein at |east one of sard conductiVity
changeein @mcsntm@ns phHetacgedrspedies fawipg through 2 DI@SSWWSthe
e perneate re

conta\pérg%tfe ortlﬂ%re géﬁ{ltv?ounfig%tg%}] o na%(iﬁ €5 connectec R gﬁnes each of said

modul}havmgaRehedte fubseRhert@ m@ﬁerﬁﬁdwt@oe@ R adgasém aRduRS, 1f any,
t he nost upstrean1ho|e in the perneate tube for sai

are cogperiedusing an ifrcennegipr aad whereim thapermeaietiaiotihe Hrst gr Flast
modum 15@% est Q &' %ﬁc{eﬁl?$ ﬂ{éf eg%?w\ftﬁsa%gsel W&ﬁg%r Saiﬂq
esse alh ura I'ral wound nmbdul es in

pennemaaf ¢cﬂEct1&are@mmd défuaedlhy themblame lsamnnglegb by peaneatd edilestion

g g i nt erconnectors that do not constrict
tubes, their 1nterc ectors, and vessel end adapters; wherein the probe array comprises:

a. a support structure suitable for axial insertion into the vessel’s permeate
collection region, and capable of holding a conductivity cell in a fixed position

within the permeate collection region;

b. at least four conductivity cells each mounted on said support structure;
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the inner dianeter of said vessel's perneate

collection region. 31. A pressure vessel in a nenbrane
wa@y@bepoicontaining a plurality of spiral wounBCT/US2005/027132

filtration nodul es connected in series, each nodul e

havi ng a perneate tube which is interconnected to a

wherefie¢4R aff €aill doRduRtividy célldj cdgeminidiRdubith ¢l8dtFieal dignal input means
i nt erconnectar, and wherein the perneate tube of at
capablef spnisyingod siga fron gytsige theaessehmaially alang theperagates

collecﬁgﬁ‘fb%?&n‘??oﬁagchﬂ RS RYl Gnyessel with a vessel end
adapter, P
b

a vesse ernedte collection region defined
y the interconnected perneate tubes and end adapters,
and wherdintdaeh pf saié canrduativityf cetls apmm@iicates wnthemt ebettiical sighdl @utput

rnmeate call %rf}

means\,/ ggpségie conveying a signa OIII(I) H'xetclcj)rtl)glictivity cell, axially along the

permeate collection region, to exit the vessel.

28.  The array of claim 27 wherein at least one of said conductivity cells is
positioned on the support so that when the support is inserted in the permeate region of
the vessel, the cell substantially segregates flow through permeate tube holes from a bulk

flow within said vessel’s permeate collection region.

29. The array of claim 27 wherein at least one of said conductivity cells is
positioned on the support so that when the support is inserted in the permeate region of
the vessel, the cell is located downstream of an interconnector’s seal to one module and

upstream of the most upstream hole in the permeate tube for said module.

30.  The array of claim 27, inserted axially within the permeate tube of the
vessel, wherein said vessel contains a plurality of spiral wound modules in series, said
modules in series having permeate tubes joined by interconnectors that do not constrict

the inner diameter of said vessel’s permeate collection region.

31. A pressure vessel in a membrane system, containing a plurality of spiral
wound filtration modules connected in series, each module having a permeate tube Whiéh
is interconnected to a permeate tube of an adjacent module using an interconnector, and
wherein the permeate tube of at least one of the first or last modules in series is connected
to the pressure vessel with a vessel end adapter, a vessel permeate collection region
defined by the interconnected permeate tubes and end adapters, and the probe array of

claim 27 is inserted into the vessel permeate collection tube.
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