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o METHOD OF ESTI MATI NG STABLE STATE MEMBRANE FI LTRATI ON
FLUX Technical Field 5 The present invention relates

» to a method of estinmating the value of a nenbrane
filtration flux inits stable state, required for
designing a new nenbrane filtration plant, based on
initial menbrane MEMHOO QF ESTIMAaING 10 Background
Art In a nenbrane filtration plant that uses

filtratignaBerESIReRE MEMBRANEF RITRATPONORLUX
menbranes or precise filtration menbranes, a liquid to

be separated is passed through a nenbrane nodul e, and
pressure is applied to the liquid from outside the

n dule. Desired 15 filtration is then carried
Tecrﬁgg[]ﬁgél conditions at which a certain flux can be

obtai ned, based maji.nly on the size of th res..in.the
5 neddiaRessntRveRlGPUeias o 4 finthodohestitaind thivalue
a menbrane filtration plant varies between nepbrane
of amemtyenenfifraties, fluxdniits stable: statenseguyed tqragesigning a
various substances contained in the liquid cause
newgoeoinane fituatiog plants baseds ool indglgahgernbraae filtration test
menbranes so that the flux decreases rapidly or
datagradual ly. In a nenbrane filtration plant, physical
cl eaning such as air bubbling, or flushing is thus
carried out repeatedly at relatively short tine
intervals to restore the nenbrane perfornmance to sone

10 BacR§t&iMd Arvbreover, wthin a condition assum ng
%ecri}lﬂf:a cI eani ng that thoroughly 25 restores the

”eané‘qﬁeﬁ%ra%réﬂrﬂﬂ??ﬁbﬂ a%n?%%k %e@hitrgﬁbn%%%%bqes such

once every Si na range of

o BEFHRLLRFCORH LA 2 sl IS AR aPES, 3 [l
be %&’%@EQ ﬁm§cpae|assecf?tqlrc?gghlas mdeer%grrgnnger(rjlod%rllg glrjltd ;g)lfesssuucrrc]e is
applied to the liquid from outside the membrane module. Desired

15 filtration is then carried out under conditions at which a certain flux can
be obtained, based mainly on the size of the pores in the membranes.

The nature of the liquid to be treated in a membrane filtration

plant varies between membrane filtration plants, and it is often the case
that various substances contained in the liquid cause so-called fouling

20 such as clogging of the membranes so that the flux decreases rapidly or
gradually. In a membrane filtration plant, physical cleaning such as air
bubbling, or flushing is thus carried out repeatediy at relatively short time

_ intervals to restore the membrane performance to some extent.

Moreover, within a condition assuming chemical cleaning that thoroughly

25 restores the membrane performance to be carried out, for example, once

every six months, and within a range of possible operating conditions, a
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-operation is generally carried out using conditions
for which the efficiency is best. 5 Typical behavior
of the operating pressure during stable operation
under the condition of constant flowrate in a
menbrane filtration plant is shown in FIG 10(a). In

statd-LUBd erOfh) ch dperadivinzcandle @dreieshous stalsly oper aheérsijx months,
time in days, and the vertical axis shows the

by tIP et e mPEASSIWing | € Helb APh&d e¥haf olhhef Beich 86nditions,
encl osed by the circle in FIG 10 10(a) is shown in

operg'%fan e ergilﬁeﬁfﬁ RS gbhéoﬁaﬂféﬁé ?6%?1@]%@%9

ange &ssocl a periodrc cl eani ng.
. seen tromFEIG 10(a), the operating pressure rises
eff'cfaa’_b?ﬁl'?%aﬁﬂt he start of operation. However, once the

ini_tial ri od. has apsed, .a stabl e perjod begqi and ..

t nd ¥Rk BRGvPG ot ine Qratating pressuts uting SioRk BReration

gradient with the 15 operating tinme. After the staple ,
underthegorditipnaef penstanblighheaientn enaersbeang filjation plant is

pressure rises rapidly approaching the operating limt
showh ia FIGqaD@a¥.ceth MdGouki{a)whee dgrizontad exdal shnwartheg

of the filtration nenbranes beconmes necessary. As the
operatinlg timesinoflay Seandethat vertical akis shotwsatiee biperatinigon

pl ant, 20 when assum ng in advance that an operation

predsure. peAh@hlia‘i?éHQﬁbbeﬁ thenpéitidn ReIdI6ged by khe difdialin FIG.
period and that the short-termcleaning is <carried

10, ShEWIEITIE, 01T 1S GRS i o B T ressure
chafg§ ARl IR LUt oA B, spen from F1o
100 3B pbBSaRa A PR IALE 1Al W o E bR ion
HOWRARio STTach 816 AN A SHP I Nas AIABEe A oS BEHIE: kea begins and
the 3@%233&5%&@%8&%&_hr?seﬁ'mﬁ %ngorlis{e;r:tac_t:;ni'ggie%lt %\rf]itth the
operating time. After the stable period, a final period begins and the
operating pressure rises rapidly approaching the operating limit of a
liquid feeding pump, whereupon chemical cleaning of the filtration
membranes becomes necessary.

As the conditions of the operation of the membrane filtration plant,
when assuming in advance that an operation time period is from this
initial period to this final period and that the short-term cleaning is
carried out, it is most efficient to operate at the maximum fl'ux at which
operation can be carried out stably at a constant flow rate over this time
period. Therefore, when designing the membrane filtration plant, the

maximum value of the flux in a stable state is estimated, taking the fixed

short-term cleaning conditions and an operating time period between the
2



However, the stable state flux during actual operation
is affected by the type of substances contained in,
the nature of particles in, and the 5 concentration
and so on of the liquid to be treated with
pre-treatnent included, and furthernore is considered

chemicdleclebhingednto cansodetatiomapndbihes desmrs scahelicfi thves
such as the filtration nmenbrane characteristics,

me ribYapieafiltr afiohep RN s Sddriratined aesbedingty.in the liquid
to be treated and the filtrati on nenbranes, the

T IHowbLRR {REitahR slABMING ANIRY 4 0% alﬁ:n is affected

operating conditions, and so on. nventi onal ly, due
d
by t@% tiégg%ﬁ%{m% cé%@@gi&ﬂéﬂ“fnd He F\%ﬁgf&é%{? ?@I%ﬁﬁﬁ and the

con 8o L 1 oA SRS eSSt o
BB il S BT B8 ardfor v

to filtration for a fixed tinme at a constant pressure

by vasiouy aopditians suagh astthenfiftratien, mgmbrane gharacteristics,
attenpted to determ ne the stable state flux val ue -

intefaciion betweerusali stantas contaheed lintheadiguia ta he treated and
of starting the filtration and the tine of ending the

the filtratiehi membiawesrthd filtsatiehhe@dbranalcdfebaing ednditions, the
very 20 narrow water quality range, and hence iIs not

oper"eﬁidg Riofditiend! @andvBbedyer .ConvedaBARAYE dud &such complex
ApplTcation Laid-open No. 2001-327967 Pat ent

mtet{%’tﬁw{;‘t itHas U cbhsifsdd P@%@c%é\%&xt | ongﬁtm)? to

s attenpted to optimze a nenbrane | |
estifefiffle CSiaebﬁﬁ tﬁ%h@&%i“%a" NI Funct fon of 25

oI RBIAP BIGPL B85 E%ﬁﬁm«”%teihﬁ%rﬁ %?eranesed for

_ flltratlonflux Hovvev in that invention, P DCC,
examt& aamtheﬂbmwy\ %éheb%Dérféll|§'£’&PS'%IQ¢'P’F)sm935UTEment
onpl i cat ed.

method in which the liquid to be treated is subjected to filtration for a
fixed time at a constant pressure using a certain filtration filter, and it is
attempted to determine the stable state flux value from the measured
value of the flow rate at the time of starting the filtration and the time of
ending the filtration. However, this method can only be used in a very
narrow water quality range, and hence is not very practicable. Moreover,
in Japanese Patent Application Laid-open No. 2001-327967 (Patent
Document 1), there is described a method in which it is attempted to
optimize a membrane filtration flux, a physical cleaning i‘nterval, a
chemical cleaning timing, pre-treatment and so 6n from a function of
measured values of a turbid matter amount and a soluble organic carbon

amount, and fhe membrane filtration flux. However, in that invention,
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Mor eover, the cause of organic contam nation is
specified as being humc nmatter, the extent of
contani nation being calculated purely fromthe ratio
bet ween DOC and E260, and hence in the case that
organic matter other 5 than humic matter contributes

DO, CE pe0hanret rbidayi makt G ahbbyzdd ewhich ligrcevhplicated.
be properly eval uated. Conventi onal | y, when desi gni ng

Mor@oﬁ@ﬁ’vtﬁ%"@é@!ﬁ‘é cff'értg’a?l’ilboébrﬂa@ﬁlinatidn i$3pdditied as belng humic
general |y been the case that menbrane nodul e(s) Wi t

matt%g,n%ﬁ%%g Sﬁf of o‘HrHé%'ngl’i ngbﬁ a?%mdl‘“aalgﬂ from the ratio

I'slare us usl i ous

o i i S ﬂgedgﬁﬁmg%@ﬂmnauer

thannlgﬁ%ﬁctzltrgggfem%m@ps nhg@gﬁ rox'mny@iﬁ’n the effect
i ncl udi ng seasonal varlatlons is carried out in
theragl gapaobpapranpriy eyaiateg.-the liquid to be treated
t hrough the nenbrane nodule, and it is 15 tested
t hiGoighentioaallxnwhen desigaing @ new membrane diltratisin plant, it
the flux that can be obtained stably. For exanple, in

has Noos Regreatal Bobeernthel cagAdihaiane nfopean Cinesdu B s h iwaitlh ne type
for 21St Century (ACT 21) New Devel opnent of Gty

or a h?éli(ﬁﬁbltﬂﬂés il ¢andidite TRehmoawy(s) Nkt beedharidwhile
apan ter Research Center, Decenber 2002, pages

usm@o\%ﬁ%s c(?rglb?r?gflaﬁg of’p ?¥7éatn3§3t 20 mref b?gﬁé moduie

arious sim test results are reported, 1ncluding
omeBEfIdr, Hip R, She' G508, I 4R ADE AR TR o o
minlﬁu@rg} @pggpﬁﬁ%fc'%lygﬁéggmmah %pé&f%%? ¥§]2'of@f%pr>6%r§lately one
veapUrGIHAY:a Sea It Variat PR GBIYR] Gt e duarcs iy actually
such a long tinme cannot be taken for 4 testing, it
passiag theliquid todee treatedHpiqugithe anesbrane medule, and it is
testggnt%rrgzgh trial and error what is the maximum value of the flux that
can be obtained stably. For example, in Non-Patent Document 1
(Advanced Aqua Clean Technology for 215! Century (ACT 21) New
Development of City Water Membrane Filtration Technology, published by
the Japan Water Research Center, December 2002, pages 200-204,
227-230, 257-271, 272-274, 277-279), various similar test results are
reported, including a report of results of tests in which the long-term
stability of a membrane water purification treatment system was
investigated while testing various types of pre-treatment using an
ultrafiltration (UF) membrane at Gifu Prefecture Yamanouchi Water

Purification Plant.

Alternatively, in the case that such a long time cannot be taken for
4
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filtration plants for which the conposition of the
liquid to be treated is thought to be relatively
simlar are consulted, and thus the stable state flux
value for the new nenbrane filtration plant is assuned
enpirically, 5 and then a safety factor |arger than
testinguitl has [sph ithe ddes ¢hat empisidad valbesifort pestdasirgbrane
val ue. Disclosure of Invention It is an object of the

filtraBoPS BEntsMeRNWhRth te Rfd?ﬁi)é@it?oﬁ‘%ﬁmﬁ@ Rhuidl®o be treated is
estimati ng the maxi nrum val ue of the flux during

thoub ngf%?%fétgmﬁr%ﬂﬂ%raﬁﬂbrda | c;féjcliongnarlﬁruts' fl'(?ﬁ %‘rt]able state

eani n rane n plant base

flux gﬁﬁps%uggﬂﬁghaea@frﬂéﬁr%aﬁﬁr%p 'gf.[@f?'n‘ifllﬁgé‘%@gngg bifdifically,
and iR, Setebi AQREIAFS TR taah Sanalds aRptefiRerolf sgl an o

for which a nenbrane nodul e and operating conditions
obtajniee esiggpeaiud.ed, the estimating nethod
conprising: a step of obtaining a neasured val ue A of
an initial nenbrane filtration characteristic for the
menbrane filtration plant using a liquid to be

Disclosatecdfilnventiomn nenbrane of a nmenbrane 20 nodul e of

the nmenbrane filtration plant; a step of obtaining a

MeY{ 8Iein bbjectvel tie prebaat $hedhBoARY piovidech matiodfof
a plurality of existing nenbrane filtration plants

estirﬁgmj@gtl’?e 'ﬁ?é'ieifrﬁpﬁ. g %famg Q0L Rlrkim elgﬁggfnég?ﬁ QR§olhe

as or simlar to the. af ore_mentl 0 rane
ope B8} AR IR RN RE0LA A U EH P gfan
vas G4 AT HEHA A AR 525 S e A0, o UB g goring
ane 5 of. a nenbrane npdul e of that one of the

. ...a menb
'“'“%'x‘i“ﬁmf%@a%rfﬁpﬁ@ﬂ-i ltration plants; and an

estimating step of estimating a maxi mumflux for the
The present invention is method of estimating a maximum flux

during stable operation of a membrane filtration plant for which a
membrane module and operating conditions have beeh specified, the
estimating method comprising: a step of obtaining a measured value A of
an initial membrane filtration characteristic for the membrane filtration
plant using a liquid to be treated in and a membrane of a membrane
module of the membrane filtration plant; a step of obtaining a maximum
flux value during stable operation of each of a plurality of existing
membrane filtration plants having a membraﬁe module and operating
conditions the same as or similar to the aforementioned membrane
module and operating conditions; a step of obtaining a measured value B
of the initial membrane filtration characteristic for each of the existing

membrane filtration plants using a liquid to be treated in and a membrane
5
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af orenmenti oned nenbrane filtration plant fromthe
nmeasured value A based on a rel ationship between the
maxi mum fl ux values and the 5 neasured val ues B for
the existing menbrane filtration plants. Here, the
estimating step is preferably a step of representing

of a Membranemmiodiule ointhaatasree ofaheckaidting imemibeaweefilttdtéon
| ogarithm of the neasured values B of the initia

plan@@ﬁ@% bistim atihgstepasretamating Rntlaxirhem Bk Tomthe
'ux val ues, and estimating the maxi num flux for the

aforéﬂe%?g&fgqi @btr%ﬂb' AitricAt IEYIt?&?ﬁ\aﬂ% méagu d value A

I nter or the rreas ed value A using t

baseaf bifco is?é“%eﬁﬁm o B8l M RRFRT LR aTRRS, jhae

ran atter.n cond ons ur.t her
meaPyEed HAIHEP Hdnb o FHoL A PEARS JUFALIY PIaRE:

preferably sel ected from 15 the group consisting of a

comtargntther estimating step isiprafarably acstep ahrepresenting by a

guantitative sinple filtration resistance, a
formellaTi 0g-d geapbeal retationship bebweenctie lagarithm of the

resi stance, and a cl eaning-included quantitative
meabutéd atdlae srBofstrenottiaVmembrane fikrateswthear acdenistic and

of the initial nenbrane filtration characteristic,

the MRk il ST Viatabs v ahdessaiatieg 2Re ABKITHOVE Fluk LI i
stabl e operation are preferabl y linked to one another

men’fB/ra‘rLE ﬁmgtlénsﬁmnﬂ I‘éﬂ? bhen éﬁHgVﬁJrLl?fe

si de. ant ageous fect f

mea'sﬂYSHt\}élﬂezﬁ déanf@@Tﬁrn‘?SPasbP'q?g @ esti ”Ht e “the

I mum val ue duri I 6ng-term st abl e

op ation_includin | eani ng..condit]j
ﬁﬂpaﬁg‘fﬂ Pt gty %?%f#&nqﬁfﬁavaef%lﬁast
for a shorg initial rrerrbr?ne filtration
fﬂtra&mt%@mmqrﬁ FRNPCIRBNING REieiy CORSHicRS ci"'ﬁwh%wme
long-termtest o,oeratl on when designing a ne
the initial membrane filtration characterlstic is preferably selected from

the group consisting of a constant pressure simple filtration resistance, a

guantitative simple filtration resistance, a cleaning-inciuded constant
pressure filtration resistance, and a cleaning-included quantitative
filtration resistance. Moreover, the measured values of the initial
membrane filtration characteristic, and the empirical values of the

maximum flux during stable operation are preferably linked to one

another by through a semi-log graph with the measured values on the log

side.

Advantageous Effects of the Invention
It becomes possible to estimate the maximum value of the flux

during long-term stable operation including cleaning conditions of a
6
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menbrane filtration plant. 5 Brief Description of
Drawings FIG 1 is a schematic drawi ng show ng
schematically an exanple of the construction of an
apparatus for neasuring an initial menbrane
filtration characteristic; 10 FIG 2 is a diagram
membiranienti!teatier artpht vefy esipepliynfeotraliquéed dlave dgtarfor a short
determi ning the nmaxi num val ue of the flux in a stable
initigd trabenb &IneA filtrakibst padodenbAsne réshit] sheom ipinantor(ger, any
FIG 3 is a diagramshow ng an exanpl e of experinental

need & Wdrfy Juﬂrloﬁg%gr?ﬁg?éﬁg obeafien WHEnvabyRyrihgt &hdw ux

In a stable st an 15 existing nenbrane

fi Lt rati . B); FIG 4 is a diagramshow ng an
memgxrg&;& éltg%'gbggﬁai &r‘ent al results for determning the
maxi num val ue of the flux in a stable state for an

exi sting nmenbrane filtration plant (C); FIG 5 is a

. diagram showi_ng an,  exanpl e of a graph for determ ning
BriehDesciiptien oftPl@awiighi e filtration resistance; FIG 6
is a diagram showi ng the concept of a .
cl & rgis acschematipdsawing shawingesehemalically an example
resistance; FIG 7 is a diagramshow ng the concept of
of thee cbastiutdiomof wedppauatus far measutingaan énitial membrane
resistance; 25 FIG 8 is a diagram showi ng an exanpl e
filtraaforl k& arakedristiship between a K val ue and the maxi num
value of the flux in a stable state; 7 FIG 9 is a

o FSER ISR SIS, S OUSREISTT SipotRsinl resuls
for ddtaPhfinfiGthe Maxin DM valEE YA flukiindhi 8ok 3thte fSidan
existing membrane filtration plant (A);

FIG. 3 is a diagram showing an example of experimental results
for determining the maximum value of the flux in a stable state for an
existing membrane filtration plant (B);

FIG. 4 is a diagram showing an example of experimental resuits
for determining the maximum value of the flux in a stable state for an
existing membrane filtration plant (C);

FiG. 5 is a diagram showing an example of a graph for determining
a quantitative simple filtration resistance,

FIG. 8 is a diagram showing the concept of a cleaning-included
constant pressure filtration resistance,

FIG. 7 is a diagram showing the concept of a cleaning-included
guantitative filtration resistance;

FIG. 8 is a diagram showing an example of the relationship

between a K value and the maximum value of the flux in a stable state;
7
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FIGS. 10 are diagrans show ng an exanple of the

~ typical behavior 5 of the operating pressure for a
menbrane filtration plant. Best Myde for Carrying CQut
the Invention Following is a description of
enbodi nents of the present invention wth reference
t o RlBe Yisnai digmgralm shivavipigean e xampéea tof ax périmetntal nesults
10 nenbrane nodul e and operating conditions for a

for d&r&bmaRing thé meakidiumdlalie o the Nexliy Lstabld shateé fyrea new
determ ned. Then, using a nmenbrane to be used in the

men‘lﬁ%@ﬂﬁrgﬂgw ﬁl'aﬁ,ngn@ l'iquid planned to be treated

using the new nmenbrane filtration plant, an initial
terist : :
TR0 B G E WY R AnHD A piea) bemavior
of S Bl ooy SRR e Kb SHRGRH A

approximately 10 minutes to 1 hour. Next, at |east

two existing menbrane filtration plants with a

menbr ane nodul e and operating conditions the sanme as
BestbMaderforCagyinhesy e Imeenéabrane filtration plant

to be newy established are 20 sel ected, and enpiri cal

datFo lbowtrige i srexd esaripdiiomeobe mmbedirentainf whiegpresent invention

operation can be carried out stably within an

withardepéhog thi thie eGP t On thleapiresk rehievietaiors | st e
is gathered. Such enpirical values are gathered

menmb¥aHMoal/ afddoSEFMing oADMY AIPEMAbMKrane filtration
condi tions such as the Operating pressure in each

pIan@nggu’If)e H\@ngf‘é@fabli’ﬂ%ég? aﬁ‘g@@?&rﬂﬂ%e@ onjgrbggéiﬁﬁaré‘?ﬁembrane

e used I'n eac e existing nme
filtrati | an e liguid t. t '
to bp3dEh e bl didnoifle AR HRE AIERTRE 4 R treated
. injtial nenbrane filtration characteristic as above .is.
usingolnis, Re feaebrepenti VRt RSk an B8 redBraSyltidion
B). Next, the enpirical values of the maxi mum val ue of .
chagamdefistic peeh anthe diltradfiorexesistageaehingaembrage; Ghis
-plants, and the neasured val ues
value is taken as a measured value A) is measured. The measurement
is completed in a short time of approximately 10 minutes to 1 hour.
Next, at least two existing membrane filtration plants with a
membrane module and operating conditions the same as or similar to
those of the membrane filtration plant to be newly established are
selected, and empirical data on the maximum value of the flux at which
operation can be carried out stably within an operating time range up to
planned chemical cleaning is gathered. Such empirical values are
gathered through trial and error by changing opérating conditions such

as the operating pressure in each plant. Moreover, using a membrane

of the membrane module used in each of the existing membrane filtration

plants and the liquid to be treated in that existing membrane filtration

8
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5 B are plotted on a sem -1o0g graph with the neasured
values B on the log side. The points are then joi ned
by a straight |ine, and the point corresponding to the
measured value A on this straight line is identified.
If the flux value at this point is read off, then the
planiTethiensameal nitiadimémbrableufiiteativhi caraptepsticnas abdee is
carried out stably for the nenbrane 10 filtration

meaPl Y (E8cRsUEWYIGsti3RhkaReds Gmdws wlicRivarsk Bihat

I's, surprisingly, regardless of what the liquid to be

t dyic s, . : A .
V;fﬁ%ﬁbgl’wgﬁemﬁﬂ&&”@aﬁfeé ?rtﬁe'rﬁaﬂf’tﬁ?gﬂ%atlué JTRRHEEDX for

ux for each of a p ty of existing

mephrane . fi.ltration plant h N
eactBFIhE Sislibbae it S M Rt lite, Sl ¢ THReSlpsg values
by neasuring 15 the initjal. rane filtratjon
B arg RIPHETLPNA 6 Miolog GEanbsEr e, Maatiras JahfEs B on the log
. existing nmenbrane filtration plants and the jnitial
sidererifrap@inis aradhep joinad Ry & saight ipet pachif PRt
of the nenbrane filtration plant to be newy .
correspabtinghtal thehveaswiradnyalugbAcon ithis straight ﬁnetlﬁeldentlfled-
menbrane filtration plant to be newy established can
If th&dlpsivaime ad thos oint s réadNoff ethdwtthermekemabowaiuéof the
conveni ence of explanation, the various steps of the

flux @stwiieh 6fef@libat At o dhnded @UthstablgFonthementbame
have been described in the order measured val ue A,

, | ' - h
ﬁltrdggcfl'l?‘#g&rﬁit V@btéeﬁggﬂ%cé(}gégﬁ%ﬁbfd Hé’tﬂ"@é taidud. the

ting net rding to the present invention

1S .gggssgﬁ%bhég | o4 s bR Y 5 1igliRd (B8Rt Eated is,

etrermned in t order neasured

val ue maxi flu val ues, neasure | yes 0

so 198,55 ther i Mt ar e iRak T url X8T0E S b8 HER Brfich of 2
B,, neasured val ue A. The present. invention was

plurglit RpIedsieno uasm%n%@é@ﬁﬂe,n plants each havigadhe same or

~various data analysis by trial and error based on i

simitpmansarane anadsle anchoperatisgeserditipnHetiigmby measuring
filtration plants constructed for

the initial membrane filiration characteristic for the membrane of each of

the existing membrane fiitration plants and the initial membrane filtration
characteristic for the membrane of the membrane filtration plant to be
newly established, the maximum stable flux value for the membrane
filtration plant to be newly established can be estimated forthwith.

Note that in the above, for convenience of explanation, the various
steps of the estimating method according to the present invention have
been described in the order measured value A, measured values B,
maximum flux values, but the estimating method according to the present
invention is not necessarily limited to this order. For example, the
above may be determined in the order measured value A, maximum flux

values, measured values B, or even the order maximum flux values,
9
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5 various types of liquids to be treated, that if the
above sem -log graph is plotted, then surprisingly,
regardl ess of the nature of the liquids to be
treated, the data for the various existing nmenbrane
filtration plants lies substantially on a single
meastired galués B in@asuredhvahe Aenbr ane nodul e  and
operating conditions are specified. 10 As a result, it

hayHeeppa®e MORHIdN tfoh QvaSTdat oMbl e iBs o R isEovEapgy While
conditions for a new nenbrane filtration plant very

‘carng@ it]JM% gﬁsi,oiu% aatasl%\?(atlﬁéiisnﬁyqﬁ ||'§§{098Y19c§r Eégahyon ,em%irical

ura whereas conventiona this as require

vatu kg 15 KA} 7 PR B Sl SRR BB o uctod or

.Follow ng . s a hore detaile 5 deseription. First .
variqui tyges G f PEr UBRLST oAk T RBPcRPRUS 3P isied araph is
nmeans a nenbrane filtration plant that is at the
plottgdatRERgSWurRIbRINGlY, TREaniesyal theeaatwenhef thetliuids to be
al though this nmay al so be an existing nenbrane _
treafieid, tthet data foathe various enéstingrmeembnana fidtrapoanplants lies
t hat has been constructed 20 w thout |ong-termtesting
substantiagiyberra saigleestraight hnadoanekidhuthe ahémbraniet module
desi gn val ues having been assuned based on data for

and apelrBtihg eshaltidyts ErEbsp@Eifigd.tration plant for which
the nature of the liquid to be treated is simlar, or

a Rlaat rés‘?llt,"‘ltﬂil‘)i;ffbhb'é%o‘fﬁ’é gae@gsasi@% RGrPylodthesti MaXidF BT

| ux enpiricall as not en carried out. Wth such a

des 20t e ied, ARTRAMS b, BAA P FERERD and in -

shof SRR dnorReVe! Nigla aRENEAE MRl PLE AR ST PRy this
conditions to be_ used i n the pew nmenbrane fi b%retlt.i,‘on

has pegpirest longsderm; test opfiatian fREHAMB ongdaani gt the shortest

parameters that specify different straight |ines when
to appeoximately one year in general. Following i1s a more detailed

description.

First, the new membrane filtration plant referred to here means a
membrane filtration plant that is at the planning stage but has not yet
been constructed, although this may also be an existing membrane
filtration plant, i.e. a membrane filtration plant that has been constructed
without long-term testing having been carried out in advance but rather
with design values having been assumed based on data for another
existing membrane filtration plant for which the nature of the liquid to be
treated is similar, or a plant for which the work of finding out the
maximum flux empirically has not been carried out.  With such a plant,
there is a possibility that optimal design has not been necessarily been

carried out, and hence estimating the maximum value of the flux is
10
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5 sem -1 og graph described above is created. Here, the

type of the” nenbrane nodule is, as a rule, judged by

the material of the nenbranes, the formof the

menbr anes such as whet her the nenbranes are hol | ow

fibers or flat nenbranes, the dianeter of the pores,
worthWweileunber of pores, in the case of hollow fibers the

di aneter of the fibers, the length of the 10 fi bers,

thﬂe%ckh@%é?ﬁﬁl%rfg s a8Hoperdtheg '&‘i'idlﬁonlsrtd be used

case of flat nenbranes the di nensions of

in th%%%ﬁb?éﬁe ‘HIﬁta?i% epﬂﬁ'{tﬁ ﬁg%ﬁ@é&nejﬂl@r\g b&€ause

t he nodul e "suc r the

thBS?@r%ﬁ'eae%%@t?ﬁékﬁ%LaBeEﬁvé*ﬁqefP%&r SPFigbl S SN 4R8;
semic|da BTRD ARRBHBHE HRRHE 5° KreBURR 1 (AT Hios Dot 1he

practice, carrying out the Jud%ﬁen? i n accordance with
merrthﬂenpr syl ecisasas Bi dei fudaed: by therpatedahedihe membranes,

sinple and thus preferable. That is, judging products
the fofm bé tbarmegn bt as shehngs wizethemhermembananasdiehollow
and products of different grades as being 20 different

fibergesbflateneptbigred Sha didmetdihos the peesythei humber of pores,
considered that if different grade nunbers have been

in theSeh88 &t h6New NBERE ane dlaﬁ%ﬂeﬁfsoihm@ﬂtﬂiefrﬁetﬁétlength of the
speci fications and perfornmance to one anot her In the

flber%aiﬁet;?élé 'ﬁg F‘aﬁ@"ﬂ? tﬂ'éeﬂsé?éi‘?n'tﬁeaﬁﬁcﬂﬂﬁd iheneNease of flat

udgnent 1's preferab carfied out by
mew{ps@z{é;éng%%eﬁufé;fs@a%gf 0 b Ep s g0 i votweon
I h
g i ahe tat Bt (BRanacie Psg?ﬂésﬁgﬁa&ﬁ%@h%eesu'e is

are cl ose, and hence the menbrane nodul es can %
spiralstyne. i kar .Rré§8ftapeo%t%ét%ran¢\ %QF&Ct'@rﬁ‘sﬁ Pese that the

bei n cl ose" means that even if nunerical val ues of

abovyenali %aartm perferintangefafethe membuase vodulaldiffersy and hence
within a range of 30% Wthin this

as a rule a different membrane module is specified.

In actual practice, carrying out the judgment in accordance with
the product classification of the membrane module is simple and thus
preferable. That is, judging products of the same grade as being the
same membrane module, and products of different grades as being
different membrane modules is simple. This is because it is considered
that if different grade numbers have been assigned, then membrane
modules have different specifications and performance to one another.
In the case that more than one Qrade is assigned to one product, the
judgment is preferably carried out by returning to the above principles.

Moreover, membrane modules being “similar” means that to a certain

specified membrane module, the various specifications and
11
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5 range, characteristics are judged as being simlar

or substantially the sanme operating condition. Mre

preferably, the nunerical values are wthin 20% yet

nore preferably 10% Moreover, operating conditions

mean the filtration time conprising the sumof, in
characterdbtiopadsddrived (@hové aeetdlosef @nd hentcel theatriembrane

process in 10 which the liquid to be treated is

modb[e?@'b%@'\ béiused &8 éitéﬁnéﬁ’\fleg for &Y BaotREPCEAScharacteristic
\NhIC the menbranes are cleaned, and (iii) the tine

inh 8 1 STy MR o g
e u@n%‘%gm@msgﬁg Vit RFSiet ELOR, i

exa he 15 form of the nenbr nece

rangs, rcha ARt Bsb A pi i daed 35 bing g ah (B wor HBBlatg Y the

t he nenbrane cl eanin and the backwashing tjinme, and
samgcoperating oanditgse tMaretrederably, the %tam?@r'qa' 'yajues are

judged that the operating conditions are the sane.
withivor-20%% 1 yetweore preferalblyeri@%. val ues t her eof

differ, so long as the nunerical values are within a

r anderedven% peretir copaibbnsgneamndthie fitlsatioe {imdgedmprising

to be simlar or wwthin a range of being

the SURSbHANIA abwaltaseﬁ@tr@n Myrthepligfeefebthe filfratiomprocass in
values are within 20% vyet nmore preferably 10% Note

wh:&rﬂﬂ*ﬁe ﬁfcﬁJlB_rt%abgetFéaféH‘% tHS, "(‘ﬁ?C{hﬁoﬁnﬁeférné' él@ﬁﬁlh@

e opetating conditions. This'i's because, hough

Ld.tg. b 4 e
procg i, toutfiEn thel it bt s el "enly Ot
ied regardl es nature o

flusfPR, pEcosS Thafich ity b cEAbaRefl ?ﬁéﬂ?@ﬁﬁﬁg Péquired
i % e to be useFI in the new nmenbrane fLItra
(i.e. ol fime raauired fQurarying Oyt a4ep8at ML PTRERSS |n actual

menbrane filtration plant, the nmeasured value A of an
operafienhl a readthase claaningi patterarcBFising cfat example, the

menbrane i s nmeasured. Here, "initial
form of the membrane cleaning, the air flow rate in the case of using air
scrubbing in the membrane cleaning, and the backwashing time, and so
on. In the case that these are the same, it is judged that the operating
conditions are the same. Moreover, even if the numerical values thereof
differ, so long as the numerical values are within a range of £30%, the
operating conditions are judged to be similar or within a range of being
substantially the same. More preferably, the numerical values are within
+20%, yet more preferably +10%. Note that pre-treatment conditions
need not be included in the operating conditions. This is because,
although the nature of the liquid to be treated is changed by such

pre-treatment, the present invention can be applied regardless of the

nature of the liquid to be treated.
12
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5 nenbrane filtration characteristic" means a nenbrane
characteristic wthin a tinme period fromtreatnent of
the liquid to be treated being started using a new

unused filtration nenbrane up to a stable state being
reached as shown in FIG 1, but in actual practice, it

I s jekf 1 94ipg! a trhe HHHeE of hnerm&him@hwmreeta $le ased in
over a time interval of from 10 approximtely 10

the ﬁthJhﬁe%nB?aﬁbtmfrétfcﬁ@mm O rtaeSﬁ@uitoesb bR ir@a@édt;hethe new

ngest a time including dpproxi mat 3 cl eaning

menﬁr%fgﬁfanigﬁgml © e:nr?tf thﬁar a% rgﬁa@é‘lh%d}\acﬁ %H%it?élt h@mbrane

|Itr IOh errstic are e con
ration. resistance,

[ess re s th "
fitrdi SR et AR AR i A1t PPl BB s a2, gre “niia
cl eani ng-i ncl uded constant. pressure filtration
mMemBEARE éﬂtr@thrhe haraetarigti¢ qmaqmérwa%nw@aracteﬂstlc
filtration resistance, and so on; in the follow ng, .
withinea time periad tfrremd@ﬁgt@@mtmfe@‘@hausd tplke tigatest g@mg
resistance is used as the initial menbrane filtration
startddinesingra steive ursisedk fittrabiet. mBesbrame iuntoia stalde state
given for other initial nmenbrane filtration

beir(r?waéaehediss istdWrRIBIFIG0 FbGt id actual peaetieg| it is sufficient to
awi ng of an apparatus for neasuring the initial

mea"ﬁnd@rﬂ{herﬁéﬂn'brrahb%hémtéﬂsqrd SUBE a HnTeWierVal BRIES®,
which is central to the apparatus, is a mni-nodule 1

app?&gﬁ?@é{l n&t e(?'n‘i‘glléﬁegof% tié R atn?eﬁ{]ougﬁgtstiarted Hp to at the

a cmi1s OUSG

ondfi B 55 did BEFlip 85, 205 6D b4 PBcamptes

rane nodul e ned.to, be u
of tig AEF BnDeGSTEG: FoANB S e a@ﬂeqﬂbaﬁmma&?qmsﬂc are
hollow fiber is made 13 to match the housing. One end
the gonstianheressure tsérinpie.fﬂtr@tmaeﬁfSﬂaayeathgt%mvt%lve simple
~and the other end is nmade to be an open end 6 such _
filtratian radigtdntce hite hisapagrinclodedneongtanteressuieafiiration
can flowout. The liquid to be treated enters into
resistanbeustheg|éanmguinchided guamtithtivei ikration resistance, and so
on; in the following, the case that the constant pressure simple filtration
resistance is used as the initial membrane filtration characteristic is
described. Description will be given for other initial membrane filtration
characteristics later.

FI1G. 1 is a schematic drawing of an apparatus for measuring the
initial membrane filtration characteristic. A membrane module, which is
central to the apparatus, is a mini-module 1 in which a single hollow fiber
2 of length approximately 20 cm is housed in a housing. As the hollow
fiber 2, there is used an unused hollow fiber the same as a hollow fiber

to be used in the membrane module planned to be used in the new

membrane filtration plant, although the length of the hollow fiber is made
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5 the mni-nodule, and only liquid that perneates

t hrough the nenbrane flows out fromthe open end 6.
An outlet 4 on the side of the mni-nodule leads to a
closed off end 63 via a line 62. The liquid 70 to be
treated in the new nenbrane filtration plant, which

to masch the hvassielg. 110nes eadchethe indlloanfiber 2dsarbsédl off by a
aline 60 by 10 an extruding roller 21 of a punp 20

stoppBF 152 Aed Wﬂeséﬂﬂére@na%{s&néﬁbffcﬁbelﬁn B¥h lend 80siich that

inlet 3 on the side of the mni-nodule via a |line 61.

o fil . . L o |
iquifh it 1< Pt MEEEHirEuoh BRE mEMHian ol fow Bat' T he
L 1 ' N | | d_._ti [ :
iauif18, B8, PE5I6N AR 1, 1S o nBcBRt pot et 2053 3fe sice of
the - ppe it SRR Tl Y A ERHIAR R i mbrane
val ue. A vessel 31 for receiving nenbrane-perneated
flowsiayli iqom the ey ersliB. f rdth auidebAon dha dgr ot Hae
mni-nmodule 1 is placed bel ow the open end 6. The
minivmsskile Jeads fuattiosed afeend®hniaieekined? c bal ance

30 20 capabl e of sequentially neasuring the weight of

t h& hertiguid ifD perbee atemteld iquie TewW onerdranecfikeatiGh.plant,
Cunul ative data on the wei ght neasured by the

whict eI @ esbal ances 3dckedsienfro® theCvaPsélel1 Vi Alile 60 by
subj ected to data processing, whereby the constant:

an e%ﬁ.@ﬁger%!ﬁééﬂggﬁ%f; 'g'n;%ﬁzg?:i 26 Wﬁﬁé?’dﬁlﬂgeﬁflrﬂéd B?g&n’%iﬁper 10,

essure Si trat

an 6T RLET 4 st RSPy ddu o G o1
it RS0k 484G BN, ST S LG rotaton of the
pumpy 28  TRFASTUR DRYORS 50 ATb 5 a0 PranEaddn dhauiRe &1 and
the LL;;&S&;sgiséﬁ\éé’vggy,ggnggseg)wrgg cﬁ?tﬁ@??@g;ggi'grwen(%/i\slzbgifngacarried
out normaliy, the pressures indicated by the two pressure gauges are
substantially the same value.

A vessel 31 for receiving membrane-permeated liquid 71 flowing
out from the open end 6 of the mini-module 1 is placed below the open
end 6. The vessel 31 is further placed on an electronic balance 30
capable of sequentially measuring the weight of the
membrane-permeated liquid 71 for each vessel 31. Cumulative data on
the weight measured by the electronic balance 30 is sent to a computer
40 and subjected to data processing, whereby the constant pressure
simple filtration resistance K is computed.

Here, the constant pressure simple filtration resistance K will now

be described. K is also known as the Ruth constant pressure filtration
14
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5 graph of 0/V on the vertical axis against V on the

hori zontal axis on ordinary graph paper. This graph

of O/V on the vertical axis against V on the

hori zontal axis is shown on the conputer 40 portion in

FIG 1. A programfor conputing Kis stored in the
coefficiemi| beidg.a beiffidieirdrob taingd Krosostudyinghea e dd tnaton

gauges 50 and 51 are at constant 10 pressure, the
undeTfeRTHIRITBBh dFchhstfitaptes fiig fiRfatoh. UIMTEKinghthe filtration

condition of the rotational speed of the roller 21

time g?&ﬂgs&‘ﬁ‘iﬁtgaﬂftgaglaﬁta%?%H@FﬁEtarﬁBuh'ﬂ%fomﬂﬁétéﬂés V,eK is

ressure Si rrp _ rat! on resi st an_ce can easil Yy b
dorBLcH ¥ o SR B Bl oo B getins o
orach 4,5 AS BT Sl BBl P TSR T 450

~nmodul e of the new nmenbrane filtratiqgn el ant | s thus .
ordingfyagfaph PGRET. t hAbisaajaph afHN\oe8 ?hfai ertigel gxis pgpinst V
be made to the apparatus for neasuring the initial
on tmméﬁmﬁa‘l|at>¢|at|scﬁhwarmttaei@maytehgo pppdeRind at1. A
being limted to that shown in FIG 1. For exanple,
prograar for26onputing iKiis @toced tin theechmipiuder f4ber Wiaeng
housed in the mni-nodule, but rather a mni-nodul e

detewrtifirg K, ado tRabIKEPrexube gmeges 50 ead. 51 Mreea eonstant
t he neasurenent may instead be carried out by making

pressife, the@WhbasareRIETIAR! preT@raBRA BaIEdIBigt MAHeRLthecandition
pressure. xt, fromout of exi'sting nenbrane

Next,

or i |30 SLaBHS: P 18t prosing Geraten casha ey, o
meafpygineiiicht e chastdif pfasadfe AMpTEdRiEifoq rebistahes can
easihhe, GABIRIBIER 4B Aparexiumately I8 rmirips: corRimpagured

t he nmenbrane nodul e and operating conditions for §he,
valuexfRfi the FERBSEAMEPT$SWER FURPH 5&?@}'.0"\/\9\%%55%%%# N§ing the
menggr?arg(lasﬁtdl Phge liquid to be treated to be used in the membrane
module of the new membrane filtration plant is thus obtained.

Note that any of various modifications may be made to the
apparatus for measuring the initial membrane filtratjon characteristic, the
apparatus not being limited to that shown in FIG. 1. For example, there
is no limitation to one hollow fiber being housed in the mini-module, but
rather a mini-module with a flat membrane may be used instead.
Moreover, the measurement may instead be carried out by making the
flow rate constant and measuring the variation in pressure.

| Next, from out of existing membrane filtration plants, a plurality of

ones each having a membrane module and operating conditions the

same as or similar to those of the new membrane filtration plant are
15
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5 nmenbrane filtration plants, there is no need for the
nature of the liquid to be treated to be simlar to
for the liquid to be treated in the new nenbrane
filtration plant. Next, data on the maxi num val ue of
the flux in a stable state as neasured by trial and
sele(ﬁb!’do{i_nl actpiihsrrdideortheasiembrane mbduie isind opetting
exi sting nmenbrane filtration plants. In general, with

con ioﬁéifg?itﬂg naﬁlnll‘?lre@ﬁ‘ﬁrér'?étfﬂﬂ*aitﬂih plavit ard RR16E184 by
changed by varying the filtration pressure as
consPiib bty dile Hiodle B opRTaAAY conduidiirfor e
. _operatiqn is rrj.ed out in thi f -1 Al
exis{fgaRpaiane SGeHAe B or When s RBupd vk 85isahg
filtratjon_ 15 pressure is, studi ed., Ex | es, of L
memdirans fiSFaLIOR RBREH 1A (m8ocaFeHdaT BB Naresabiie fliguid to
Tables 2 to 4. FIG 2 shows results of an experinent
be tremtedi tehbersimilaixtavier thedicntdde ba tseatpd in dheanew
certain existing nenbrane filtration plant (A,
me mbaaniecfiltoationi plianthe pur pose of determning at up to
what flux the 20 filtration pressure could be

maiNg &, tal on ahet mkémsimitvalue. ¢f tHé @uxnaxanstabvelstate as
of the flux in a stable state. Here, the flux is the

mea¥Qrédty ofiaMBRbr 8RorRS'gENedd foiué dcRifahreplnedity ift
area of the nenbrane per day, nB/n2/d = md being

exis{iﬁgdrg)%?nBF@né‘@iifr%tfo'?‘?éFé’rﬁts. ' ”1rﬁgeh%iréi,5\bitpf’§r? :Gﬁﬂsﬁﬁg

periment, it waS started Tfroma sha ux of 4
e G leploRcp 3, B L 0 A Bysh ) fighi Fveor
prosslih 5 S Brbile s S S A BB s ror o

_ascertained that stable operation was not possjble. .
whiletaften sbarting eperahionniand kBen-LPeraiey I (RATT\gk PHER this

value of the flux at which a stable state can be i .
stateffonisncartais timecpedrdeeuslithe betavigr avarttimenpbila filtration
subsequent tests, it was
pressure is studied. Examples of situations in which this was carried
out are shown in Tables 2 to 4.

FIG. 2 shows results of an experiment in which the flux was
increased in stages for a certain existing membrane filtration plant (A),
carried out with the purpose of determining at up to what flux the
filtration pressure could be maintained in a stable state, i.e. the
maximum value of the flux in a stable state. Here, the flux is the volume
of membrane-permeated liquid obtained per unit area of the membrane
per day, m*/m?/d = m/d being used as the units thereof. In an initial
period of the experiment, it was started from a small flux of 4 m/d, and it

was ascertained that a stable state was obtained in this case. The flux

was thus next increased to 6 m/d, whereupon the gradient of the
16
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5 ascertained that the maxi numvalue of the flux is
4.7 md. FIG 3 shows the results of an experinent for
deternmining the maximum stable flux value for another
exi sting menbrane filtration plant (B). Operation was
carried out at 2.9 md initially, whereupon the

presSuasligtiefe Wis PG FHYhE an-hease Masas esdertdined that stable
bei ng ascertal ned that 10 200 kPa, which is the upper

operla'tl'ﬂ'nt\g% f BRI, ngitlf&éﬁ%‘ér SebArfrbfftiikaiat at'@m/d, the
axceeded Dot bre compl eting an operating tinme period up

maxinfuf 9?“?%91’ ‘iHsgﬂ G% atc\bﬁ Qgstam@tst?ﬁus trﬁfg%béﬁtaﬁﬁéﬂenas

was no rane was
subj ected. to, che ni ng, s S e 4h
beerh ERbPEHEY o If esﬂt‘e%ﬁﬁc&e‘?ﬁh%w&'afs??aﬁsiﬁ%fﬁ&feﬁtgz tHEs
eratijon s 15 carried out [ V\/ltht | ux
asce,r&m@@dﬁ]q)t %mﬁ’ﬂm%eY%b%H?qﬁe\r/tﬁéx Y rrf' ned t hat
a stable state with a small pressure |ncrease gr.adi ent
colfil. Fesbpwes thel reslts of ap exper mantfas dafgrnining the
subjected to chemcal cleaning so as to return the

maximeubr atebleoflaxstalue farkanothear exisdinghevembraoediiteation plant
operation was carried out with the flux increased to

(B). 2.0péPatibd, wabaravizah out ate®. Ravdrinddialty, whareapsathe
state could be obtained even at this flux.

gradféhi Bertﬁar;ﬁeg‘sm@ inePehsBUNbE 1ofo mg:erm rmh? ,a$Gértained that
shown, in which the flux was adjusted nore finely

200 k&%{éﬂe\ﬁﬂl& Bs %wafﬁkﬁer ﬁ 'E:f%e' pé@éhﬁ rﬂr%'s%@nrérf@ﬁ' thigeplant,

max1’mum val ue o or t exl st ng nmenbr ane

vas LA oy el e o
cnerbEeReris el s BBl A AR L b ERL" The

oper ati on was carrled out uynder_ the f i tion of
membrana was Q"H?dheﬂts%'éielﬁegst@ei?'hﬁmﬁa Fﬂ%ﬁ”'é‘gsﬁgb?%to return

state could be obtained in this case. Next, the flux
the mesmbnenedoeca siste likedthatupkreupwnartinies and- apesation was

pressure increased rapidly, 200 kPa, which is the
carried out again with the flux reduced to 2.4 m/d, whereupon it was
ascertained that a stable state with a small pressure increase gradient
could be obtained. Next, the membrane was again subjected to
chemical cleaning so as to return the membrane to a state like that of a
new article, and operation was carried out with the flux increased to 2.6
m/d, whereupon it was ascertained that a stable étate could be obtained
even at this flux. Furthermore, from the results of experiments, not |
shown, in which the flux was adjusted more finely between 2.6 m/d and
2.9 m/d, it was verified that the maximum value of the flux for the
existing membrane filtration plant (B) is 2.7 m/d.

FIG. 4 shows the results of an experiment for determining the

maximum value of the flux in a stable state for yet another existing
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5 upper limt of the pressure for operation of the
pl ant, being exceeded at tines. That is, a stable
state was not obtai ned. From subsequent experinents,
not shown, divided into finer stages, it was verified
that the maxi mum value of the flux at which a stable

menfirane ﬁﬁﬁah@nqﬂbﬁtr(@) f OFirst,hb peratidn awgs fodrtiedt bab under the
plant is 2. .10 That is, the maxinum stable flux

condﬁﬁloHeof édﬂ’&‘i ‘:Hf“ﬂ 'Seﬁﬂﬁ | rstﬁé l2% cleftaifkbdofratt 41s248[k state

trial and error, i.e iltration operatlonls

coulfB5é iflafi if Ghi< e8! 2 ekt The AU a8lirrbbUkae Yenra,

assune e on e St abl €Sl he ext e
at ed, and

wheGaR R AT ardeslife heffaded FRile ATh M Which is the

desired range is 15 obtained; in the case that a
UPPRflMiLaT $PRPIGREUTS taft P RERLiCR mfsthesPtalde Peigg gxceeded at
~ stable state, and then the flux is further changed and
timeist i Ehpliiyeal stahta stateowasonoh obtaisied.st frem subsequent
obtained. In this way, data on the maxinum val ue of
expammeritax nioh showapdévisteat mtodfaser eteges; itiwasal verified that the
each of the existing nmenbrane filtration plants is

maxfaueveduéiof e flalk 20wiekta eeabller stateutanfbeewbstings for
menbrane filtration plants for which such data has

this W@ﬁb&%ﬁ@”‘ﬁh?ﬂmoﬁ plagtakiz B @fdexi sting nmenbrane
[tration plants that can be consulted when setting

t hel'l"f 8 tth%)nﬁﬁﬁldrﬁest%%‘l‘é flI?)UJQ A i c#ét[aﬁﬁ‘n‘uﬁﬁﬁ%@ﬁglcally in

are se edte usmgams rane o
d e e .

staghy i ButBn s lafle s £R. et iRl REaPBPRERRT s, cprried out

t hat , exi sting nenprane,filtration plan he consta .
for 4 CestIPIEnHPEOm Al A fIkxcYalier 8y St to e nté‘zfsﬁp%'ﬂe side,

as descri bed above with reference to FIG
the pxtantapt the fressuse ipsHeane *ﬁdOVﬁétlgﬁéegaﬁ'@d t'is “udged

speci fication characteristics (or the same grade) as a
whetkeboamotha pressura inkceasaigrastienbwithinua stesired mange is

exi sting nenbrane filtration plant,
obtained; in the case that a desired gradient is obtained, this is taken as
a stable state, and then the flux is further chahged and it is judged
whether or not a stable state is obtained. In this way, data on the
maximum value of the flux in a stable state measured individually for
each of the existing membrane filtration plants is gathered (in actual
practice, from out of existing membrane filtration plants for which such
data has been assembled, a plurality of existing membrane filtration
plants that can be consulted when setting the conditions for the new
membrane filtration plant are selected).

Next, using a membrane of the membrane module used in one of

the existing membrane filtration plants, and the liquid to be treated in

that existing membrane filtration plant, the constant pressure simple
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5 but being an unused nmenbrane. Note that there is no

need for the Ilength of the nenbrane or the nunber of

such nmenbranes to be the sanme. For each of the

remai ni ng existing nmenbrane filtration plants out of

the plurality selected, the constant pressure sinple
filtratioht redistance W $¢ anessuted assdestdbey abasaereithusfegence to

the liquid to be treated in that plant, and an 10

FIG. UNUSTHeRIERR BRgndWSedid AemeBrame HdviAgithensame
characteristics as a nenbrane housed in the nenbrane

spec\'ﬁ?é‘fi@n%mésﬁg%tepi!s?&&- oTrhﬁ'uéJEHh?é is_g‘rﬁde‘?faé“ﬁalﬁ%rn?ﬁr?ne housed

ues tai ne re taken as the‘neasured val ues

: : ' e qf the ] ' i :
in thf mefiahe MadRiEuSed 0 LRI IENDIATF Hif8tion piant,
canpl eted in_ at _nost approy nat.el Q m.nutes for. 15
but ESE0 8 UHsed BPERIaT o BotRdhat tBSra s hesd fRr the
the initial nenbrane filtration characteristic is
lengthof ithei merabeans o5 the numbemhehsacinmambranas terkg the
the nmeasured value B has already been obtained, this
samepadinredachl afethmyenaiobwg exiebing mesrbrsoaerfittratipgeplents out
the flux in a stable state is estimated 20 for the

of theepluraiiby aedettdd rtdie constamt pfeosutehsinple filtradiomedesistance
as described above. First, the plurality of neasured

K is %ﬁhﬂ%lﬁﬁ@aéﬁr@dstﬁ% tR8Xiquidl to/ Beugeatédtinethiat Yiahe, and an
a stable state, for the existing nmenbrane filtration

unusQ-id*_'Pﬁ?m@?‘éﬁienﬁ’gvﬁgeﬂ??{@vdrﬁédsﬁ@cﬂﬁ%aﬂo% Ehﬁ?lééér%}é@s as a

sem -l og grap al ues being on the log side.

merrg%)iéhe ﬂoﬁ%%?fé%?h%rﬁ‘grﬂﬂﬁﬂen%Jﬁlgugptﬁgfpﬁag%tpLgféﬁéqslurality

S TS eady descri bed, i

di scovered that. regardless qf,the_nature of. th
of mEaauday A e kg 5 EIred Ale daksial thishekaiirdt.pglues B.
.operating conditions are specified, then even jf th .
As indhpicas é\fép'@e@ﬁwnﬁb?éﬂgéﬂﬁ?d‘n"gr@?f‘?%rpéﬂf't RessF above, this
filtration plants, the points all lie on the sane
measuramgitt cande thmpledediin alamasd appINHMAtelnd0 minutes for
point also exists on this straight line for the new
eachefithanmembtames on Ndtenthat the measured value of the initial

membrane filtration characteristic is intrinsic to each plant, and hence in
the case that the measured value B has already been obtained, this
measured value may be used.

Next, the maximum vaiue of the filux in a stable state is estimated
for the new membr.ane filtration plant from the data obtained as described
above. First, the plurality of measured values B of K, and the maximum
values of the 'flux in a stable state, for the existing membrane filtration
plants obtained as described above are plotted on a semi-log graph, the
K values being on the log side. Next, a straight line passing through the
plotted points is drawn. As already described, it has been discovered

that, regardiess of the nature of the liquid io be treated,' if the membrane
19
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5 Accordingly, if the nmeasured value A of K for the
" new nmenbrane filtration plant obtained as descri bed
above is plotted on the straight Iine, and the value
of the nmenbrane filtration flux is read off fromthe
vertical axis, then this value can be estinmated as
modile agdtdperatingneondiionasdre bpecified, themisiven i theapbints
state can be obtained for the new nenbrane 10

havefbééhahbae.u@éarfbrIcnff@wéﬁt ifembFaak fikrattehiphantontied points
he stable state for the new nenbrane filtration

all llé"(ﬁ'mhé%rﬁé ﬁféig it BRAXET fPehAtbd@sRimated that a point

fnlterpol ati ng e data for'the existing menbrane
atso G4z %@%éhyn?amﬁm%e#ﬁé (RAnHEA8h plant

an,initial ane charac stlc I
TSAGERstinaly. ol MeAdiad TRYE A ok KoTeC s Al eftbrane
natureofthellwdtoﬁj%é) ated, the desi gg : .

filtrafigxi plant obtaipgdues dascs Q¥R Piitgd or dopattepight line,
There is thus no |onger any need for |ong-termtest

and thevaluemfittiec marmbraaefiltkationr fiux f%reagv@fﬁématﬁ@ vertical
filtration plants hitherto, or for test operation

axis! thenghis vable zat ke restimatedeas being rthet maxkmuraxiatum of the
value of the flux after the plant has been

flux 80RiicHCA edable ctdamectanl iye obtaimed ifor thel newnaeanterane
filtration characteristic of nenbranes used in each

filtra@foﬁ’?‘ér‘i’l“ﬁ\ BEERERME NPHGL €S, bStiRASOR St thd Btabileestate for the
l'iqufd to be treated in the new menbrane filtration

new%%ﬁ*bréﬂﬁeﬂdfr%hﬁﬂnplaﬁ dﬁf%td Ebﬁ‘i’ebrb\ﬂdﬂﬁ‘%&réESIatmg or

Frane no oper a condi t1 ons 25

e AR DB 4 AT R R lans

filtration plant di ti
Thin s el SRt enaicl H%Pédpqrhgg'&tw%’ﬁ}emﬁa"e
the i n|t| al menbrane filtration characteristic and
filtration miants, .lBnd @ruinitigl membyang chanet@ist s M%Pﬁlaneasﬂv be

pl ants under various conditions is created,
measured, regardless of any difference in the nature 'of the liquid to be

treated, the desired maximum flux value can be obtained highly
accurately. There is thus no longer any need for long-term test
operation which has been necessary for new membrane filtration plants
hitherto, or for test operation through trial and error for determining the
maximum value of the flux after the plant has been constructed,.
Conversely, if the initial membrane filtration characteristic of
membranes used in each of various membrane modules is measured with
the liquid to be treated in the new membrane filtration plant, then it can
be identified in advance the membrane module and operating conditions
like which existing membrane filtration plant to use so as to obtain the

highest flux in the new membrane filtration plant, i.e. the optimum
20
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5 then nerely by neasuring the initial nenbrane
filtration characteristic for each of various
menbranes using the liquid to be treated in the new
menbrane filtration plant, the optinmum nenbrane nodul e
and operating conditions for the new nenbrane
condifibhgati on plant can be determned forthwith. 10
Next, as initial nmenbrane filtration characteristics

t hfﬁha‘iqg bea dg;ﬁ%ﬁas%t ﬂS({bﬂ@ﬁ‘oFé’tﬁtﬁéfﬁlhedéid bhaﬂﬁémltlal

resi stance K describe exanpl es include t

mem‘ﬂ#gﬂte! fi ﬁFét\{Sp S&é‘l‘g(fa%téh{sh'baéﬁarlhﬁeﬂaﬁ ARG f[Jf‘ %alue for

eani ng-1 nc ant ressure filtra

esi sta C ni n | ncl uded Lt
exisfifg marans it plRpastapaiieltioty ﬂﬁﬁa t?&?%és treated,
initial merrbraneflltratm character| -
then mgrebgbyHeeasyring the gt rmm b':g\%ﬁj FIgFaCteI'IStIC for
enabling an initial nenbrane characteri stl c to be
each géwvariausi membrepespising the gaiditode Jeeataginthe new
filtration resistance is defined, fromthe variation
memdvane fitteaiiont plantetive arpeimammmemdbramaeumochﬂe ama opErating
operating pressure as neasured using an apparatus as
condifiohlsGorlthendew rimmbeadetfiloratidn poant aah ibé aeteatrned
as the gradient of a straight line obtained in the

forthw@ss. of plotting the cunmulative value V of the
menbr ane- per neat ed vol unme (which corresponds to the

ti rfi?éxtorbépﬂﬁnah%éﬁn‘waﬁ' ﬁm&t.aﬂdcﬁé}eazcge%ﬁ@s%at can be

sur e on the ver axls on

m‘ﬁu‘g 6t thath IR sTpAE A don S R¥ReR Ae‘%%ﬁ BpddTers:
examplet 'nelisse i dbanidatausiTP IS8 gPeieAiHRNCE, the

condi ti ons | n actual practice. However, on the oth

- cleaping@rinchided gonsiant Pf@ﬁs%%n&!?ﬁaﬁ'@ﬁ Fesistaneey and the

rrenbrane filtration characteristic beconmes conpl ex
cleagimgdncheled guanditativectitrabosomsisiangser aNadae, soweer, that

the initial membrane fiitration characteristic is not limited thereto, but
rather may be any parameter enabling an initial membrane characteristic
to be identified.

For example, the quantitative simple filtration resistance is defined,
from the variation over time in the membrane-permeated amount and the
operating pressure as measured using an apparatus as in FIG. 1 under
the condition of constant flow rate, as the gradient of a straight line
obtained in the case of plotting the cumulative value V of the
membrane-permeated volume (which corresponds to the time) on the
horizontal axis and the operating pressure P on the vertical axis on a
graph on ordinary graph paper. This is shown in FIG. 5. This

quantitative simple filtration resistance is practical from the viewpoint
21
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5 punp through signals fromthe pressure gauges.
- Moreover, ‘as the initial nenbrane filtration
characteristic, there can also be used one including
up to approximately two to three cleaning steps,
al t hough the neasurenent becones nore conplex. K under
that hheensiordhd Fiotratibnepraitast ope ested ender lyudretitative operating
conditions added is referred 10 to as the

cond%@ﬁ@'lﬂgaétﬁgl gticenst ARV &S BH ?né idtheAHaHY the

resi stance. is is shownin FIG 6. The solid Iine

appa'rﬁtﬁ%‘ﬁgﬁglﬁé‘a%%%nﬁast?{ Lﬁgﬂé ] e g‘]brbhenﬁﬁf ‘%Fél%'hc‘feﬁgtic
vocehH SR B ob Ao RIS RESELAAGR! Hbration o e

guantitative le filtration 15 resi stance, that
pumtARovEB S1daalt B NG PIotSigiH GAHAR%I y v to thr ce
cl eaning steps can al so be used. This resistance under
t hdlereaarn asi the inibiedine orbranenfitr atianrehaw@ederissies there
added is referred to as the cleaning-included
can glenbiet asedeorie including updd sapproximetely twoslieothreencleaning
FIG 7. The solid line is the actual neasurenent data
steps| nalthdiu? the measoremendbédomeisnmopessoipptexo USander the
the gradient of the straight |ine shown by the broken

conditiBf @6cbRStamt pied surenifneldahing2ébAaditions added is referred
characteristic. Furthernore, regarding the

to ad ?ﬁ@‘é{l%wrﬁ%—%gld&@‘&%rn%tléﬁgg{ggsbﬁe FiGLEORtSsikPance. This

esta advance a stan reference tenperature

s AR OB A SCIEIIF LS bE ARy .

t herefromnb ers t he t t
beingaop SFIE0R tefyumﬂxe. ialp b} Bnansrafal e wn by the
treated. Foll ow is a nore detailed 22 description

brokemn bine 3% é@@nﬂlhaivmmafamwfdt@%l% FOAKAGIETESUGI e

however, the scope of the present invention is not

i rﬁlmablarkby whied ma@wgngxaﬁpq@ant@(tammemplgdﬂtr@tlon

certain sand filtration facility for river water,
residtefhnwes that with the addition of up to approximately two to three
cleaning steps can also be used. This resistance under the quantitative
condition with cleaning 6onditions added is referred to as the
cleaning-included guantitative filtration resistance. This is shown in FIG.
7. The solid line is the actual measurement data including the cleaning,
it being possible to use the gradient of the straight line shown by the
broken line as the initial membrane filtration characteristic.

Furthermore, regarding the temperature during operation, it is

preferable to establish in advance é standard reference temperature from
the operating temperature for an existing membrane filtration plant, and

handle the shift therefrom by conversion using the temperature variation

of the viscosity of the liquid to be treated. Following is a more detailed
22
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5 constructing a new nenbrane filtration plant for
~filtering wastewater during backwashi ng, the maxi num
stable flux value was estimted. The turbidity of the
wast ewater was relatively high at 100 degree. It was
deci ded to select a hollow fiber type precise
desdriptisatofahenprésentirmmhtion t thya Asakindlas@mple; however,
Cheni cal s Corporation (nodel er UNA-620A, 10

the é@ﬂ% HIRhR' SreséhtTRivetitidA®s 'i’ﬁﬂ'%ﬁﬂ%d‘ﬁ?tthﬁs wWHTkefg W& mple.
consi

dered to be suitable fromthe required

Exarhg'ié)ulghpm and so on, and the stable operating tine
rrod up to chem cal cl eani ng was set to 6 nonths.

i gt cor T A it FAb Ry TTR G paeés 'ti?fore
consf’t‘r:@éﬁﬁé” AR REPr a0 sali144SHRIaBt $67 NG wastewater

constituting standard operati condi ti ons, and

during dragkvwashigg, her wrmumbsﬂa.bigéw Nghmvgamsﬁlmated The
process. During the air scrubbing wth backwashi ng,

turbistiti oimthgpwabtewater was reldtively digh aint@atdegias oft was
to 5 ng/l to the filtrate water used in the

decidadkimsbiact a bolhgw fibemtigesl presiyeafittratiobemesedrame module
t he nmenbrane 20 nodul e, the apparatus shown in FIG 1,

mad%nﬂ)ﬁtmmaﬁb%’ﬂm{eﬁl%aI‘é/fEBrpﬁﬁétidh Rehodél hlmber UNA-620A,
backwashing in the sand filtration, the constant

merrPrS LPea St éb'tgbaﬁ]h%bfﬁé %8 Gfe, Kuﬂfcﬁ Rfas considered

rane was neasure measure val ue was

to b%e SlaE toMh IRgVedlifey tFodolBir RS0 T, Afig the stable
opeeﬂ'}m?”ae Felbaous IS Ahsmica Sieanide s s BRgnths.

same operating condltl ons.. One \/va% t he rrerrbhane ) '
MOFPPV?F-a@ﬂQF\al ﬁf §Htmc'71\9't9~‘bf3°\'im?rdﬁ'%3§ fmiges of filtration

o experinmental results were shown in FIG 2, bei n% a
pegation, 1 ainkte of @dr sarubbing wittohaskwashipgwand 38f seconds of
turbidity 0.03 degree. Using an unused nmenbrane the
flushimgewass takemitasaaeunit gdocess, this constituting standard operating
conditions, and operation was carried out by repeating this unit process.
During the air scrubbing with backwashing, sodium hypochiorite was
added to a concentration of 1 to 5 mg/! to the filtrate water used in the
backwashing. Using an unused membrane to.be used in the membrane
module, the apparatus shown in FIG. 1, and the wastewater for when
carrying out the backwashing in the sand filtration, the constant pressure
simple filtration resistance K of the membrane was measured. The
measured value was relatively high at 0.35. This was taken as the
measured value A.

Next, three plants were selected that used a membrane moduie

having the same model number as the membrane module selected above
23 '
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5 the nenbrane nodul e of the nenbrane filtration plant
"(A), and the river water treated by the nenbrane
filtration plant (A), the constant pressure sinple
filtration resistance K was neasured at a tenperature
of 20 C wusing the apparatus of FIG 1, being 0.00033.

and fH¥ sawes dpadcatinas conditibns t h©measas elevmknssrahe filtration
The second plant was the nenbrane filtration plant (B)

planf m)FMw Whichomef of fife @upRITimental réaslts WweMEEROWMIP FIG. 2,
3, bei ng a plant that «carries out filtration

bem%ﬂ%%fﬂé@é e s guqffniﬁé’trarﬁ'otfxnéglrdﬁ/éft% ong?mdnty 0.03

rane I’TDd operati ng conditions use

nbr filt a .
degrfk. (dg.AD vﬁﬁ%%ﬁﬂn%ﬁr‘agﬁ%%%m%&% fferfiReafe used in
i ndystri al ter ane
the mEfansmafus of Bie %5"% bfirafipBoare @lmang the river
filtration resistance K was again neasured usmgthe
wateaﬁp%afeﬁmbyoﬂ1¢n@mpraaeufﬂgrﬁlwplamhu(é\)mme nppressure
t he second one of the nmeasured values B. The third
simppe diltration resistentedhovas Imeasuced gtanteperpduravef AP °C
20 sone of the experinental results were shown in FIG

using theeappasafusaof FiGatl, eing @ 00083 f i Mhistwas takeni agone of
wat er that has been nmade to have a turbidity of 0.14

the mBaeugbdiviuaddBti on of pre-treatnent conprising
coagul ating sedinmentation and sand filtration on the

fawwsabonﬁhﬁlﬁfmeﬁﬁe FRAHb P2 R 4 1 BRR [ 'ﬁﬂ‘ﬂnt (B) for which

condi ti ons use his nmenbrane filtratio

som 3 WL B3O ol WHRSTFEGHATE FUS i
cor BB B AL A LB g, e
memBTana, B4 WRcATHOR AT Fonchiiensrused indBit fagmorane
ftltrai\{glpugz@rﬁt bBN)iiy(n}ef@tspr;e gg)%glgg %ratbl'lee rr];ér%)l(:r\é?wleuﬁltra\al\ﬁén plant (A).
Using the industrial water and membrane for the membrane filtration
plant (B), the constant pressure simple filtration resistance K was again
measured using the apparatus of FIG. 1, being 0.022. This was taken
as the second one of the measured values B.

The third plant was the membrane filtration plant (C) for which
some of the experimental results were shown in FIG. 4, being a plant that
carries out filtration of river water that has been made to have a turbidity
of 0.14 through the addition of pre-treatment comprising coagulating
sedimentation and sand filtration on the raw water. The membrane
module and operating conditions used in this membrane filtration plant

(C) were the same as for the membrane filtration plant (A). Using the

pre-treated water and membrane for the membrane filtration plant (C),
24
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identified, and the constant pressure sinple
iltration resistance K for each of the nenbrane
iltration plants (A) to (C are shown in Table 1.
able 1 K value Menbrane filtration flux (md)
0.00033 4.7 0.022 2.7 0.0187 2.8 10 A graph of these
the ooristant (Pressade aimpietfiltcation eesisiance K wasiagaio measured
graph with the constant pressure sinple filtration

usin%ﬁtﬁbSéaaéﬁam 6hF160Y, BRiAg 0D FBPWI THis W4s tkehtag @ie third
e seen that, as a result, the three points l|ie on a

one 5?1?&&%@5%@}%5%%'1_@% gs shown in FIG B. The point for
the va

neasur e ue A described above (K value =

S8 thS Raflmith $EabRnhx Yt dihict facFedn rd¥iously

. int giyes 1.4 d, This is the estimted val ye of
idenfifigdhatid e Sionstant presSyss ima:H tralider setatangs K for
menbrane filtration plant had been constructed based
eachypf the membrane ﬂéﬁﬂﬁﬁaﬁvepmﬁl Aaii(Gpara: shgwpoin Table 1.
conditions, while carrying out filtration operation on

river water made to have a turbidity of 100 degree
t hrough the addition of pre-treatnent, the flux was
ch3apésl 1in steps, so as to neasure the maxi num stabl e
f | ype—vafve—ARr—exarple—of—thephehavipr—af the
fillt Kaygbe p Membrang if“rl;'gﬁa%'ﬁé‘ X D) dnent i s shown
in M 5pgd3 | can De seengyat a stabl e jtate was
obt al neg at up to 1.39 md, but at 1.74 md the
press0B i ncfease was too2.7Tapid and henge a stable
st ¢te—was—not—obtailned—TFheneasured—valye of the
mexihBAfdt abl e f1ux val ueéf'?om nor e det aill ed
exXperirments was 1.4 5 md, and hence It S possible
to obtain a result that matched the

5
f
f
T

A graph of these values plotted as white circles (o) on a semi-log
graph with the constant pressure simple filtration resistance on the log
side is shown in FIG. 8. It can be seen that, as a result, the three points
lie on a single straight line as shown in FIG. 8. The point for the
measured value A described above (K value = 0.3500) Vis plotted on the -
straight line as a biack square (m), and reading off the flux value at this
point gives 1.4 m/d. This is the estimated value of the maximum stable
flux value.

Next, after the new membrane filtration plant had been
constructed based on the selected membrane module and operating
conditions, while carrying out ﬁltration operation on river water made to
have a turbidity of 100 degree through the addition of pre-treatment, the
flux was changed in steps, so as to measure the maximum stable flux

value. An example of the behavior of the filtration pressure during the
25
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estimated value well within the range of neasurenent

error. Reference Exanple | It was attenpted to

estimate the maxi mum value of the flux in a stable

state using the SDI (silt density index) neasurenent

met hod. 10 Using a precise filtration filter of pore
meastireenénis shomada RIGVS.| | Hocan be sede thatea ddaPlelBtate was

4)) as a filter, the liquids to be treated in the
obtmﬁBﬂbéﬁ[]Q fd |1t391tnhnﬁ wheat .74 m/d Bhe e ssUrei incroakengas too

exanmple 1 vvere each subjected to filtration. As the

rapldfé Brl'?éhﬁé‘é fl ) b' SMte WE@ not 6pEHiheq, pTﬁésfHéﬁsVﬁéd value

eto at 210 and the filtration flow

ot g TSI Wl 4 e Ol s 14

uid,to be tre at, the start
mid, @ hafits it ses essiplsito Hhtalias st That Fatengg, e
_the filtration was onti nued, and after the

estimaigs valdsmwall Mﬁth'ﬁt%éﬁnef’ dfsmeasirementier@rapsed
fromthe start of the filtration, the tinme required to

RefefencerExx@mphe Tof 20 the liquid to be treated was again
nmeasured. This was taken as t15. The SDI was
caltcwhat attle mpdext treestimeateutleal vakimesmandiugef the flux in a
followng formula: (1-t0/t15) X100 SD I (1 5 mn)=1

stable EMeSD&mlgltHél@Iltla(ieﬁltotﬂensltygmb&)|mqasdremdlﬁ method.
treated in the 26 "U nenbrane filtration plant (A)

Usmfj’?‘?q dPecldy fiPrafion! fiRePdf pord BR 0545 ?jl‘m (#5248 By Mmlpore

uid to betreatedmthe menbr ane ltration pl ant

tradd g)ar@f@ﬁgvﬁp NF{ 981 & futdle (iR jgdidsho ng@s&eaied in the
mem&{réb%ﬁdt?aﬂ:gnap%n C)(A\Sva?B?a?\d F&? nw&%mgtgfaﬁ%éwmere
each subjected to filtration. As the filtration conditions, the filtration
pressure was made to be fixed at 210 kPa, and the filtration flow rate
measurement time interval was made fo be 15 minutes. First, the time
required to filter 500 m! of the ligquid to be treated at the start of the
filrtration was measured. This was taken as t0. Next, the filtration was
continued, and after the measurement time interval of 15 minutes had
elapsed from the start of the filtration, the time reqqired to filter 500 m| of
the liquid to be treated was again measured. This was taken as t15.
The SDI was calculated from these measured values and the following
formula:

(1—t4/ t,s) X100
SDI(1 5min)}=

15

The SDI in the case of using the liquid to be treated in the

. 26
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5 flux values were close to one another for the

menbrane filtration plant (B) and the nenbrane
filtration plant (C, the result was that the SDI's
differed greatly. Mreover, using the liquid to be
treated in the new nenbrane filtration plant of
membRaKE Tt oW pant (AhaveD0. WaMaredvear tye SEBRiWtRE case of
ut nmenbrane-perneated |iquid could not be obtained 10

b
usiné)?fléq it Péf#bgiéd iHahe b idsé il?natid??g!ant (B) was 3.8.

tration flow rate was zero, and I’]:ence_ measur enen
0 » r I n{ . :
Furt{ino BT SI5t i 118 <8800t Bsid RRARGNG (< pENredp in the
ximum val ue of flux ring long-ter st abl e
memBAh g A SR FAPhACINES 4.8 m By a8 iRLE thé riRsfanm stable
filtration 15 plant can be easily estimted, w.thout
flux valuas Wereglossnt peenapatier ﬁve he Membrags Hikliesplant
data of a nenbrane filtration characteristic during
(B) and theimearhrenecfiltratiatplant (Khi dhectesuwlt was dhat tee SDIs
ina short tinme. 27 CLAIMS W claim 1. A nethod of
diffeesd igregthyy aMoseowem fisng the iliquidttabbe troptediin dheoiew
a menbrane filtration plant for which a nenbrane
memipenkefilthatiod [aet afi workiagdekampeBvehed SN was similarly
specified, the estimating method- conprising: a step
mea8irePt BUD @b reRaspe s edbdaiduiel caild Aot it omkatiene
filtration characteristic for said nenbrane filtration

becag;saé;trr‘rggjdmmm% gaq)rg B trigatrg filﬂa%ﬂ} ﬁdwvsfé%s zero,

rane 0" sai d mehbrane tration
and BeRfeorthan BBrian B DoRSsB ity 12l 11y of “existing -

e crc%r}%ir];éltgrt%tei 8Pe§e|ar?mr$v§n thi)rq,gw?\en designing a new
membrane filtration plant, the maximum value of the flux during long-term
stable operation including short-term cleaning of a membrane filtration
plant can be easily estimated, without carrying out long-term test

operation, from measured data of a membrane filtration characteristic

during initial membrane filtration, which can be determined in a short

time.
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menbr ane nodul e and operating conditions the sane as
or simlar to said nenbrane nodul e and operati ng
conditions; 15 a step of obtaining a nmeasured value B
of the initial nmenbrane filtration characteristic for
each of said existing nenbrane filtration plants
using a liquid to be treglcAIM8 and a nenbrane of a
menbrane nodul e of that one of said existing nenbrane
We dlaifhration plants; and an estinmating step of
estrmating a maxi rrumflux for said 20 menbrane

fihtrati ;Anm%'t@% of Qg’u g%awﬁﬁﬁﬁadﬁ' x’%tﬁﬁ‘ﬁg%tﬁﬂlé‘

relation et ween t ux va ues an
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COmMpia\&Eed values B of said initial nenbrane filtration
characteristic and the maxi numflux 28 a val ues, and
esai step of obtainng aumeasured oraluei Al ofeaminitial membrane
filtration plant by extrapolating or interpolating
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be trelasadheshdesl ménibranessi 8 RenBtang nteddid ofrsaid membrane
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f“traqiloq,pp‘g}q pattern conditions. 4. The estimting nethod
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said membrane module and operating conditions,

a step of obtaining a measured value B of the initial membrane
filtration characteristic for each of said existing membrane filtration
plants using a liquid to be treated in and a membrane of a membrane
module of that one of said existing membrane filtration plants; and

an estimating step of estimating a maximum flux for said
membrane filtration plant from said measured value A based on a
relationship between the maximum flux values and the measured values
B for said existing membrane filtration plants.

2. The estimating method according to claim 1, characterized
in that said estimating step is a step of showing by a formula or on a
graph a relationship between the logarithm of the measured values B of

said initial membrane filtration characteristic and the maximum flux
28
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cl eani ng-included quantitative filtration resistance.
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values, and estimating the maximum flux for said membrane filtration
plant by extrapolating or interpolating for said measured value A using
the formula or graph.

3. The estimating method according to claim 1 or 2,
characterized in that said operating conditions comprise at least filtration
time or membrane cleaning pattern conditions.

4. The estimating method according to any of claims 1 to 3,
characterized in that said initial membrane filtration characferistic is
selected from the group consisting of a constant pressure simple
filtration resistance, a quantitative simple filtration resistance, a
cleaning-included constant pressure filtration resistance, and a

cleaning-included quantitative filtration resistance.
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